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BACKGROUND
Eskom’s new coal-fired, dry-cooled Kusile Power Station near 
Emalahleni in Mpumalanga Province will bring more than 
4 800 MW of electrical power to the national grid.

Kusile will be the first power station in South Africa to 
employ state-of-the-art f lue gas desulphurisation technology. 
This technology removes environmentally unfriendly sulphur 

dioxide (SO2) and other oxides of sulphur from the exhaust 
f lue gases generated by coal-firing.

PURPOSE-FIT FORMWORK SOLUTION
Formwork specialist Wiehahn Formwork & Scaffolding was 
approached by Kusile Civil Works JV to design a purpose-fit 
formwork solution for the construction of a cable tunnel for 
Generating Unit One. The tunnel carries the main power 
feeder cables for Generating Unit One. Similar tunnels will be 
constructed for each of the other five generating units as they 
are built.

According to Project Manager Fanie van Wyngaard, 
Generating Unit One is situated in fill material that had been 
used to level the site, which means “that the founding conditions 
are not ideal, so a further one-metre excavation was carried out, 
filled with rock and compacted to ensure sufficient strength 
for the tunnel foundation.” A purpose-designed steel formwork 
shutter, designed and manufactured by Wiehahn, was then used 
for the construction of this 200 m long tunnel.

SPEED AND VERSATILITY 
Wiehahn’s tunnel shuttering solution uses steel components with 
faces formed by Econoform (EF) panels. The design is critical, 
because the shuttering has to be collapsible and portable so that 
it can be moved easily and quickly after the completion of each 
15 m long section of concrete tunnel.

Three shutters, each designed to allow 15 m of the tunnel 
base to be cast at a time, were made and placed in line with a 
15 m gap between each. Wiehahn also designed and made a set 
of three travelling shutters for the casting of the tunnel roof and 
vertical sides over a length of 15 metres.

O N  T H E  C O V E R

Wiehahn designs purpose-fit solution  
for Kusile Power Station cable tunnel

Kusile Civil Works JV asked formwork specialist 
Wiehahn Formwork & Scaffolding to design a 

purpose-fit formwork solution for the construction of 
the cable tunnel for Generating Unit One

1
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The base was cast first and when that had cured to sufficient 
strength, the base shutter was stripped and moved forward, on 
wheels as a unit, to the next section. The travelling shutter for the 
soffit and walls was then placed over the base and concrete cast.

Part of the purpose-designed system was the inclusion of a 
jacking mechanism enabling height adjustments to be made once 
the tunnel shutter had moved to its new position. Adjustable braces 
were also incorporated in the design, allowing the shutter to be nar-
rowed for the move to the next position and then, once in position, 
to be expanded to achieve the required tunnel design width.

The vertical walls and floor slab were poured monolithically, 
which reduced the need for joints and enabled the waterproofing 
to be done simply and economically. The base, vertical walls and 
roof are all 550 mm thick and required 115 m3 of concrete for 
each 15 m of completed tunnel.

The conventionally reinforced vertical wall of the cable 
tunnel has to accommodate many auxiliary tunnels connecting 
into it. These auxiliary tunnels, constructed using pre-cast con-
crete rounds, join into the main cable tunnel about two-thirds of 
the way up the side walls.

To achieve this, the vertical walls were fitted with “unistruts” 
– galvanised channels that support racking on the walls to carry 
the 400 kVA cabling that feeds power to virtually all of the equip-
ment in the generating unit.

HEAVY LOADS
According to Engineering Manager Douglas Hammond, “The de-
sign, concrete specifications and reinforcing ensure that the tunnel 
will be able to withstand the heavy loads that will be exerted upon 
it by the enormous cranes that will be traversing the site.

“Time constraints meant that a system like this would be 
beneficial, and this Wiehahn solution has been working very well. 
It has proved to be a quick way of getting the tunnel construction 
done. The Unit 1 tunnel is complete as well as 75% of Unit 2.”

 INFO

Lizette van Tonder 

Public Relations Officer 

Wiehahn Formwork & Scaffolding 

T: 021 880 7777 

E: Lizette.VanTonder@wiehahn.co.za
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1  Fanie van Wyngaard, Project Manager for Kusile Civil Works JV
2  Relocating external gangform
3  Base shutter with culvert travelling shutter in the background

Part of the purpose-designed system was the inclusion 
of a jacking mechanism enabling height adjustments 
to be made once the tunnel shutter had moved to its 
new position. Adjustable braces were also incorporated 
in the design, allowing the shutter to be narrowed 
for the move to the next position and then, once 
in position, to be expanded to achieve the required 
tunnel design width. The vertical walls and floor slab 
were poured monolithically, which reduced the need 
for joints and enabled the waterproofing to be done 
simply and economically. The base, vertical walls 
and roof are all 550 mm thick and required 115 m3 
of concrete for each 15 m of completed tunnel
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Situated approximately 20 km from Port Elizabeth, the Port of 
Ngqura is the biggest government-sponsored infrastructure 
development project to be undertaken in South Africa. The port 
boasts deep container berths of 16 m and will be able to accom-
modate the new generation of larger container ships. The con-
struction of the port was a greenfields project with the objective 
of providing a full service bulk/breakbulk and container terminal 
together with rail links to the Ngqura main line to Gauteng.  

Phase 1 encompassed the provision and construction of two 
container quays of 780 m in length, two bulk/breakbulk berths 
of 632 m, one liquid bulk berth of 452 m, the main breakwater at 
2,6 km in length with a massive caisson at the roundhead, sec-
ondary breakwater at 1,08 km with four caissons at the round-
head, bulk earthworks for dry excavation of the majority of the 
basin and other areas, dredging of a portion of the basin to 16 m 
and 18 m and of the entrance channel to 18 m, basic road infra-
structure, road bridge and services, and a sand bypass system.

The first phase of the project has created container capacity 
of 800 000 TEUs (twenty-foot equivalent units) per annum, 
and rail capacity of 100 000 TEUs, and is able to accommodate 
1 600 reefer containers. 

The construction of the port required massive quantities 
of sand, rock, concrete and dolosse, and major excavation – 
14 million cubic metres of land-based excavation was under-
taken, 13 million cubic metres of dredging works were carried 
out to level the cargo areas and create deepwater berths, and 
808 000 cubic metres of concrete poured.  

To construct the port’s breakwaters, 5 million tons of rock 
and 380 000 cubic metres of concrete were used. Three large 

Construction of the Port of Ngqura
1

1  Aerial view of the Port of Ngqura
2  Development of the port takes shape in 2003
3  Construction of the breakwaters and 

construction of the port in the dry
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cranes were needed to lift and position the rock and dolosse 
along the breakwaters, while thirty 25-ton trucks worked 
24 hours a day to transport rock and aggregate from the quarry 
to site. The gigantic caisson at the end of the main breakwater, 
which is impressive at 70 m wide, 25 m long and 20 m deep, was 
constructed in the dry and then floated out to sea. 

The 26 500 new-generation dolosse used at the Port of 
Ngqura are 4 m high and weigh in at 30 tons each. Every dolos 
took 28 days to cure and was constructed using a steel shutter. 
These massive concrete structures were custom-built, fabricated 
on site and moved into pre-determined positions using massive 
cranes capable of lifting up to 400 tons.  

Earth-moving work usually stalls if soil and rock conditions 
are too tough for the equipment at hand – a challenge that faced 
the construction team installing a slurry wall nearly 2 km long 
for the container terminal at the port. Transnet Capital Projects 
and Dura Soletanche Bachy mobilised the hydrofraise, a French-
built specialised drilling machine capable of cutting through 
the toughest rock and soil conditions. It was the only piece of 
equipment capable of the precision cutting required for the 
construction of the Ngqura slurry wall. A special feature of the 
hydrofraise is that it can penetrate the concrete of a panel that 
has already set to a thickness of several centimetres.  

The construction of the port was aligned to the State 
President’s Proclamation to create employment for the region. At 
the peak of the project there were approximately 2 600 people on 
site of which 2 250 were employed from the Eastern Cape Region, 
constituting about 86% of local labour.

The port is also situated in an environmentally significant 
geographic region. The area is home to some of the most sensi-
tive and threatened vegetation types in South Africa, and is also 
close to the Jahleel Island Group, home to the country’s largest 
colony of African Penquins, among other endemic bird life. No 
construction activity was permitted within 500 m of the islands. 

Construction of the Port of Ngqura
2

3
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The development of a port of this nature in an environmentally 
sensitive area had to adhere to the strict conditions stipulated in 
the Record of Decision. The entire process was monitored by the 
Environmental Monitoring Committee, which had the power to 
halt the port’s development in the interests of the environment. 
The Port of Ngqura is the only port in South Africa to have a 
Record of Decision for its construction and operation.

One of the requirements of the Record of Decision was the 
implementation of a rodent control programme. Poison-based 
rodent control systems can result in the secondary poisoning 
of birds of prey and other predators that prey on rodents. The 
endemic raptor species were reintroduced into the area to 
assist with the natural control of rodent populations. Nine 
spotted eagle owls, three rock kestrels and a peregrine falcon 
have been released inside the port and subsequent monitoring 
has shown the effectiveness of birds of prey in the control of 
rodent populations.

The port went live for commercial operations in 
October 2009, and six months later it had already received 
84 vessel calls and handled over 70 000 TEUs.

The Port of Ngqura, a tough balancing act between commer-
cial operations, social responsibility and environmental sustain-
ability, is indeed a success story. 

4

5

6

4  Construction of caissons
5  Casting of 30-ton dolosse
6  The Port of Ngqura and the Ngqura Container Terminal 

Phase 1 went live for commercial operations in October 2009
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Client City of Johannesburg
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SOCCER CITY STADIUM

JOINT WINNER – Technical Excellence category
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HISTORY
During 1987, after an agreement had been 
reached between the National Professional 
Soccer League (NPSL) and First National 
Bank (FNB), a new soccer stadium was 
completed in Nasrec near Soweto. This 
new stadium, which was known as the FNB 
Stadium at the time, consisted of a playing 
field surrounded by embankment seating, 
two levels of corporate hospitality suites, 
and an elevated seating tier on the western 
side only. The lower embankment seats were 
equipped with distinctive blue and white 
bucket seats and more than 80 000 specta-
tors could easily be accommodated during 
football matches. The first soccer game to 
be played was appropriately a Soweto derby 
between two of the most popular South 
African teams, Kaizer Chiefs and Orlando 
Pirates. During 1996, the South African 
national football team, affectionately known 
as Bafana Bafana, won the African Cup of 
Nations at this venue and a year later de-
feated Congo at the same location to qualify 
for the 1998 FIFA World Cup.

UPGRADE OF THE FNB STADIUM FOR 2010
Various architectural designs were 
proposed of which the calabash design, 
prepared by Boogertman Urban Edge 
& Partners, was selected as being the 
most recognisable object to represent 
what would automatically be as-
sociated with the African continent. 

Soccer City
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And indeed, the end result, with its 
89 000 seats, is one of the most striking, 
impressive and well-equipped stadiums 
in the world, and fittingly hosted both 
the opening match and the final of the 
2010 FIFA World Cup. 

At a cost per seat of approximately 
R38 000, Soccer City compares very fa-
vourably with other new 2010 venues and 
is approximately half the cost of the re-
cently completed Wembley Stadium, the 
largest stadium in the United Kingdom. 

The choice of concrete for the bulk 
of the structure was taken to match with 
the existing structural profile so as to 
enable all pre-cast units to be made on 
site, and to improve on the costs and lead 
times of a structural steel framework. 
Although the existing western grand-
stand was incorporated in the design and 
retained for historical reasons, as well as 
for cost efficiency, the remedial work and 
strengthening required, due to its load 
bearing limitations, resulted in many 
challenges on site.

The previous structural profile of 
the suite levels and upper-tier seating of 
the  western grandstand was extended 
all round to encircle the pitch. The 
lower embankment was rebuilt to vastly 
improve the view lines and comfort of 
spectators. The upper third of the pre-
vious embankment was raised to form a 
secondary tier, thus turning the stadium 
into a three-tiered, rather than a two-
tiered, stadium. 

The pot’s façade is made up of lami-
nated fibre-reinforced concrete panels, 
in a selection of eight colours and two 
textures that make reference to the shades 
and textures of the calabash. The pot 
is punctured by open or glazed panels 
which create a suggestion of pattern on 
the façade that comes into its own when 
illuminated from the inside. 

The upper roof, which is cantilevered 
from an enormous triangular spatial ring 
truss, is covered by a PTFE membrane 
in a colour similar to that of the adjacent 
mine-dump sand. The bottoms of the 
trusses are covered by a perforated mesh 
membrane, thus giving the appearance of 
a smooth under-slung ceiling.

STRUCTURAL DESIGN
PD Naidoo & Associates (PDNA), the 
principal structural engineering com-
pany for the upgrading of Soccer City, 
appointed German company, Schlaich 
Bergermann & Partners, as a specialist 

roof sub-consultant to assist with the 
detail analysis and design of the roof and 
façade structures.

To achieve the unique ‘African pot’ 
look, a structure, circular in shape, 
was created to envelope the upgraded 
triple-tiered concrete seating bowl. The 
circular plan format of the pot, which 
encircles the rectangular seating bowl 
and field, was selected to ensure that 
all façade detailing could be consistent 
in plan and section, thus ensuring an 
easier detailing, manufacture, installa-
tion and cost effective process. This fur-
thermore ensured that the 120 concrete 
façade columns would be consistent in 
shape and form. Given that the previous 
concrete structure was limited in its 

ability to carry the additional roof load 
imposed on it, it was decided by the 
design team that the most cost-efficient 
solution would be to isolate the heavy 
roof structure from the seating bowl 
structure and place the roof structure 
on a combination of 12 off-shutter con-
crete shafts and 16 circular columns. 

2

3

1  Soccer City – an engineering 

achievement that did South Africa proud 

during the 2010 FIFA World Cup
2  Constructing a new stadium 

over the old FNB Stadium
3  The forces generated by the concrete 

structure and roof necessitated the 

construction of some of the most extreme 

piles ever installed in South Africa
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The façade columns and shafts in par-
ticular, required an ingenious founda-
tion and piling solution.

PILING
Approximately 1 350 piles were installed 
at Soccer City. The forces generated by 
the concrete structure and roof result in 
exceptionally high loads being transferred 
to the foundations. This necessitated the 
design and construction of some of the 
most extreme piles ever installed in South 
Africa. All the piles and lateral support 
were designed by ARQ and Verdicon, and 
installed by GEL.

Whilst many of the piles carry 
large compressive loads, many piles are 
also subjected to exceptionally high 
tension loads. The calabash-shaped 
façade and the roof transfer the loads 
from the roof, down twelve reinforced 
concrete shafts and 120 inclined pe-
rimeter façade columns, to the piled 
foundations. Some shaft foundations 
are required to resist tension loads 
up to 13 000 kN, in combination with 
shear loads of 6 000 kN and a bending 
moment of 12 5000 kNm. Due to the 
limited space, it was only possible to 
install a maximum of 12 piles per shaft 
foundation, resulting in some piles 
being subjected to tension loads of 
5 800 kN (580 tons). In order to accom-
modate the massive loads, the designers 
decided to anchor the piles 6 m into the 
sandstone bedrock using dowel bars 
installed through the base of the pile.

In some cases the 1 500 diameter 
piles were installed up to a depth of 33 m, 
necessitating almost 60 m3 of concrete in 
a single pile.

SHAFTS
The roof is supported by twelve 40 m 
high rectangular concrete shafts, each 
of which is designed to withstand large 
horizontal and vertical loads. The shafts 
vary in plan from 3,5 m x 5,0 m to 3,5 m 
x 14,0 m, with an average wall thickness 
of 600 mm. A huge reinforcing steel con-
tent of 460 kg/m3 (approximately three 
times more than normal reinforced con-
crete) made the placing and compaction 
of the concrete extremely difficult. The 
stiffness of the shafts under varying load 

4

5

6

4  and 5  Construction of the 

‘African pot’ in progress
6  The completed stadium can 

seat 89 000 spectators
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combinations had to be determined ac-
curately, as this could affect the member 
forces in the structural steel roof struc-
ture. The design and stiffness of the 
shafts were further complicated by var-
ious openings which had to be provided 
for electrical, mechanical, fire, domestic, 
and storm water services. All these ser-
vices were designed and modelled in 
3D by the architects to ensure that all 
penetrations were fully coordinated, be-
fore the reinforcing was designed by the 
engineers. These shafts are founded on 
the piled foundations described above, 
with some piles subjected to downward 
loads of 1 100 tons and upward loads of 
580 tons. In addition to the shafts, 16 cir-
cular columns of one metre diameter 
support the roof.

In order to transfer the large loads 
from the roof, via the concrete shafts, into 
the tension and compression piles, large 
pile caps with depths in excess of 4 m 
were required. 

FAÇADE CLADDING
The fibre-reinforced concrete panels from 
Rieder Elements in Austria were sup-
plied in varying surface finishes, honed 
and sandblasted, in combination with a 
variety of earthy colours, to create the 
unique variegated façade cladding. The 
panels, which are light-weight and only 
13 mm thick, were fixed to a galvanised 
steel sub-frame.

FAÇADE COLUMNS
One of the most challenging elements 
of the concrete structure was the design 
and construction of the façade columns. 
The façade structure is supported on 
120 inclined concrete columns envel-
oping the stadium. The columns, which 
are 16,3 m high, support the façade 
structure which is subjected to large 
wind forces. The top of each of these 
columns has a horizontal eccentricity of 
6,5 m in relation to its base, resulting in 
large moments and upward loads on the 
piled foundations. Due to the large mo-
ments and forces in these slender col-
umns, the reinforcing steel is extremely 
dense (860 kg/m3), which made the 
use of a vibration poker very difficult. 
GLTA/Interbeton opted to use self-
compacting concrete to construct these 
columns. All façade columns are con-
nected with tie beams which act in ring 
tension to limit long-term deflection of 
the columns and façade structure. 

ROOF AND FAÇADE STRUCTURE
The roof and façade structure primarily 
consists of four components – A-frame 
support structures, an 800 m long spatial 
ring truss, cantilever roof trusses and the 
façade shell structure.

The A-frame support structures 
transmit all the horizontal forces into 
the 12 concrete shafts surrounding the 
stadium. The vertical downward and 
upward forces are distributed between 
the 14 shafts and the 16 circular col-
umns. The spatial ring truss, which is a 
large triangulated girder enveloping the 
seating bowl, consists of three thick-
walled circular sections (up to 915 mm) 
with intricate connections to its circular 
diagonal members. The top of the spatial 
ring truss is clad with translucent poly-
carbonate panels thus allowing natural 
light to cascade into the stadium during 
the day and transmitting artificial light 
at night. Roof trusses, which cantilever 
up to 38 m over the upper seating tier, 
were fabricated from open sections and 
were fixed to the spatial ring truss with 
neatly detailed bolted connections. These 
connections facilitated efficient erec-
tion time frames during construction. 
The cantilever roof trusses are clad with 
arch supported PTFE membrane on the 
top and a perforated membrane on the 
bottom. The slim shell structure of the 
façade is supported on the inclined con-
crete façade columns at the bottom and 
the spatial ring truss at the top.

QUALITY
Although the load from the roof struc-
ture had been isolated from the previous  
structure, a redistribution of loading pat-
terns occurred on the western grandstand 
structure. The professional team therefore 
commissioned various tests on critical 
elements of the structure to ensure the 
safety of spectators. These included, 
amongst others, wind tunnel tests, com-
pressive load tests on piles, tension load 
tests on piles, load tests on slabs, impact 
load tests on balustrades, lateral load 
tests on walls, static load tests on pre-cast 
seating elements, dynamic load tests on 
pre-cast seating elements in several load 
configurations, and load tests on façade 
cladding materials and fixings. 

CONCLUSION
Soccer City is indeed an engineering 
achievement that did South Africa proud 
during the 2010 FIFA World Cup. 

One of the most challenging 
elements of the concrete structure 
was the design and construction 
of the façade columns. The façade 
structure is supported on 120 inclined 
concrete columns enveloping the 
stadium. The columns, which are 
16,3 m high, support the façade 
structure which is subjected to 
large wind forces. The top of each 
of these columns has a horizontal 
eccentricity of 6,5 m in relation to 
its base, resulting in large moments 
and upward loads on the piled 
foundations. Due to the large 
moments and forces in these slender 
columns, the reinforcing steel is 
extremely dense (860 kg/m3), which 
made the use of a vibration poker 
very difficult. GLTA/Interbeton opted 
to use self-compacting concrete to 
construct these columns
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GAUTRAIN VIADUCT V5c
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INTRODUCTION
The Gautrain Project is a dedicated 
heavy-rail line which supports the op-
eration of a fast transit system capable 
of operating at speeds of 160 km/h. The 
project is divided into a series of refer-
ence sections and design packages. The 
Bombela Civils Joint Venture (BCJV) 
is the contractor responsible for the 
design and construction of the civil in-
frastructure associated with the project. 
Aurecon was awarded Detail Design 
Package 6A (DD6A). The main distin-
guishing aspect of this design package is 
Viaduct V5c.

Viaduct V5c, the single longest via-
duct on the project, is located on the route 
through Centurion, south of Pretoria. 
The route through the Centurion CBD is 
fairly congested with existing infrastruc-
ture, and situated on complex dolomite 
geology. The elevated Centurion Station 
platforms were constructed on top of five 
spans of this viaduct. 

Unique engineering design and 
innovative solutions were required to 
overcome construction challenges as-
sociated with Viaduct V5c. These solu-
tions distinguish this viaduct from the 
others  on the Gautrain project, even 
though it has a similar appearance to 
the standardised viaducts. These unique 
challenges are:

Gautrain Viaduct V5c
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the design and construction of founda- N

tions on a geotechnical strata that is 
well-known for the sinkhole risk associ-
ated with the dolomite bedrock, and  
the fact that the majority of the pier  N

foundations are not founded on bed-
rock, which results in possible settle-
ment and/or movement of the structure 
– this has a specific influence on the 
structural design of both the sub- and 
superstructure. 

DESCRIPTION OF STRUCTURE
General
Viaduct V5c is a 3,2 km long match-
cast segmental constructed box girder 
bridge which consists of 67 simply sup-
ported spans. Five spans of the Viaduct 
also accommodate the elevated station 
platforms of the Centurion Station. 
The Viaduct extends from the N1 at 
the John Vorster interchange to the 
N14 Jean Avenue interchange. At these 
interchanges, the Viaduct joins Viaduct 
V5b and V5d (which were balanced 
cantilever constructions and designed by 

other consultants). The track level varies 
from approximately 7 m to 22 m above 
natural ground level. The longitudinal 
grade varies from 0,5% to 4%. The hori-
zontal alignment starts on a left hand 
curve with a radius of 1 170 m leading 
to Centurion Station, where the track is 
straight, followed by a right-hand curve 
with a radius of 1 600 m thereafter.

Superstructure
The deck comprises a series of simply 
supported spans of 44 m, 50 m and 56 m 
in length. Span lengths are arranged to 
optimise the structural efficiency and 
to avoid the obstacles of infrastructure 
encountered along the route.

The deck is a prestressed (internal 
and external post-tensioning), trape-
zoidal concrete box with side cantilevers. 
The deck is constructed as a series of 
precast segments temporarily supported 
by a launching girder or gantry. The 
Viaduct segments are typically 10,1 m 
wide and 3,5 m deep, with lengths 
varying from 2,1 m to 2,8 m. Each deck is 

supported on two bearings at each pier, 
which prevent transverse movement.  

The simply-supported spans are longi-
tudinally fixed at one pier and longitudi-
nally free at the other.  

Substructure
Viaduct V5c is supported on 66 rein-
forced concrete piers. Each pier com-
prises a 3 m x 4 m rectangular hollow 
stem with 0,3 m thick walls and a solid 
pier head and base to suit the founding 
solution. The pier heights vary between 
6,75 m and 23 m, which is achieved by 
construction of a standard pier head 
(3 250 mm), a number of standard 
construction lifts (4 000 mm) and a 
correction construction lift (which 
varies from 2 000 mm to 6 000 mm in 
500 mm increments).  

2 3

4

1  Location of Viaduct V5c in Centurion
2  Viaduct segment
3  Typical pier
4   Struts supporting the elevated 

Centurion Station
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The standardisation of the pier head 
and standard 4 000 mm lifts allowed rein-
forcement cages to be prefabricated. This 
was advantageous considering the tight 
construction programme.

Centurion Station
The majority of the Centurion Station 
buildings (ticket offices and foyer) are 
located underneath the viaduct with 
elevators providing access to the station 
platforms above. The standard viaduct 
segments were modified by the addition 
of external propped extensions (precast 
struts) to the cantilevers. These provide 
support to the precast station platforms, 
parapets and station canopy. Precast 
struts are connected to the modified 
segment using a combination of trans-
verse prestressing and a lower steel-
pinned connection.

The precast platform panels com-
prise a combination of panels fixed 
(in-situ stitch) to the struts, and fill-in 
or drop-in panels between fixed panels. 
These platform panels are not only 
designed for the associated commuter 
loading, but also accommodate the 
canopy supports and parapets.

Foundation types
Four different foundation types were used 
to support Viaduct V5c, mainly due to 
construction restraints and the complex 
nature of the geology associated with the 
Viaduct. A comprehensive discussion will 
follow further down with regard to the 
geological conditions, geotechnical design 
and foundation types.

Existing infrastructure and services
The major part of the Viaduct V5c route 
is urbanised and congested with existing 
infrastructure. A large number of existing 
services had to be moved or relocated to 
enable works for the viaduct construction. 
These services included telecommunica-
tion, bulk water and sewerage, power 
supply, road infrastructure and buildings, 
to name but a few.

CONSTRUCTION METHODS
The superstructure for Viaduct V5c 
was constructed using the match-cast 
segmental construction method. It is 
widely used for the construction of long 
viaducts in other parts of the world. The 
Gautrain Project was the first project to 
implement this method of construction 
in South Africa. 

This method was considered eco-
nomically viable on this project because 
there are a number of viaducts on the 
project where the launching girder 
could be used. The initial costs as-
sociated with the expensive launching 
girder require a substantial length 
of viaduct to ensure feasibility of the 
method. Furthermore, this method 
of construction is conducive to an in-
creased construction rate: 

The precast deck segments allowed  N

construction of the superstructure to 
commence before the actual comple-
tion of the piers.
The repetitive nature of the precast  N

activities and span erection facilitated 
higher quality of workmanship and 
increased production rates.
The use of a launching girder mini- N

mised disruption to the movement of 
traffic below the construction works in 
the highly urbanised environment of 
Centurion.

Briefly, the segmental construction 
process entailed the following:

Construction of foundations and sub- N

structure at each pier position.  
Matching the casting of precast seg- N

ments at a remote precast yard, as well 

as the transportation of the 40 t seg-
ments to the span erection site.
Erection of the under-slung gantry on  N

pre-fitted pier brackets. This gantry 
was used as a launching girder at 
each span.
The launching girder was loaded with  N

the required number of (matching) 
segments and the joints were then 
prepared with an epoxy. Epoxy 
between joints is primarily for the 
corrosion protection of the internal 
prestressing strands and does not 
have a structural function. Segments 
are temporarily prestressed together 
so that 1 MPa stress is achieved at 
each segment joint.
As per the design, the first stage perma- N

nent external and/or internal tendons 
needed to be installed and stressed. 
During this operation, the loading 
of the superstructure systematically 
shifted from the launching girder to the 
temporary bearings.
At final load transfer to the bearings,  N

the launching girder was moved for-
ward to the next span position.
After the launching girder had been  N

moved, the span was finished to comply 
with the additional stressing require-
ment, deck furniture and ultimately, the 
ballast and deck.

DESIGN CHALLENGES
General
Aurecon’s client required an optimum 
design within the constraints of the ap-
plicable codes.  A consultation process 
for the optimisation of all design 
elements was followed, which included 
various design iterations and liaison 
with the construction team and other 
sub-consultants on the project.  This 
process was not necessarily unique 
to the general design of Viaduct V5c. 
However, the unique challenge was the 
foundations for the optimisation of the 
66 piers, each with different subsoil 
conditions on the dolomite strata, and 
the effect of the foundations on the en-
tire viaduct structure. 

Design criteria and loading
Viaduct V5c is designed according to 
the Eurocode, which was considered 
more suitable for the precast segmental 
construction than the traditional 
bridge design code used in South Africa 
(TMH7). The Eurocode has a number 
of advantages and disadvantages. The 

5

6

5  Launching of girder
6  Placement of segment on launching girder
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advantage is that it deals with a broader 
variety of train loadings, realistic load 
combinations and gives more freedom 
to the designer to base the design on 
first principles.  

However, a disadvantage of this 
code is that it is dependent on National 
Annexes for design particulars specific to 
local conditions. 

The initial stages of the design 
process involved the establishment of 
design criteria for the design of the via-
ducts on the project. Standardisations 
of the design process across all viaducts 
played an important part in the finan-
cial feasibility of the segmental con-
struction.  The design criteria captured 
the main features of the applicable 
Eurocode and provided the ‘missing’ 
details that would normally have been 
provided in the National Annexure. 

Geotechnical design 
Background
The route of the Gautrain is situated 
on the extensively weathered Transvaal 
dolomites (Monté Christo Formation) 
which are approximately 220 million 
years old. A characteristic of these 
dolomite formations is that they contain 
layers of chert and impurities, such as 
very light and highly compressible wad 
(an acronym derived from weathered 
altered dolomite).  These layers have a 
major impact on the engineering behav-
iour of the stratum.

Over geological time, the dis-
solution of calcium carbonate rock 
by small amounts of carbonic acid in 
the groundwater gives rise to complex 
three-dimensional passages and caves 
within the bedrock. Over the design life 
of the structure, these caves and pas-
sages may result in the development of 
sinkholes and/or dolines. A sinkhole is 
a large hole with vertical slopes opening 
at the surface, while a doline is a local 
area settlement of the soil.

Furthermore, the bedrock profile is 
highly undulating, resulting in extreme 
variations with regard to the overburden 
thickness and deep valleys between 
bedrock pinnacles. Variations of 30 m or 
more were encountered over distances of 
3 m during the ground investigation for 
Viaduct V5c. 

The dolomite bedrock may be clas-
sified as extremely hard rock (uni-axial 
compressive strengths of 300 MPa or 
more). In contrast to the extremely hard 

dolomite bedrock the highly weathered 
overburden, or wad, may only have stiff-
ness in the order of 5 to 10 MPa. 

The settlement and deflection pre-
dictions of the substructure were of the 
essence to ensure that track standards are 
maintained at all times.

Geotechnical investigations and measures
Extensive geotechnical investigations 
were conducted at each pier position, 
which typically included:

Preliminary investigation comprising  N

rotary percussion boreholes with Jean-
Lutz parameter recording, as well as 
borehole radar to establish voidedness 
or occurrence of boulders and test pits.
Specialised investigations comprising  N

core drilling and pressure meter testing 
in non-dolomitic layers. 
Full-scale loading to verify and calibrate  N

soil stiffness assumptions. This com-
prised the placement of 2 m x 2 m x 1 m 
concrete blocks on a 20 m x 20 m area 
and 10 m height. 
Assessment of grouting boreholes to  N

verify the original design assumptions 
of bedrock variation and the occurrence 
of floaters.

Foundation design
Although a number of foundation solu-
tions were used for Viaduct V5c, two 
specific aspects had to be addressed or 
mitigated as part of the design process 
for each pier location. These were the 
effects of an extreme sinkhole on all the 
structural elements and the settlement/
deflections of the substructure.

Floating/raft foundations (total of 46)
The preliminary design for the Viaduct 
was done by other consultants in the 
beginning of 2006, which only included 
piles to rock or shaft foundations. The 
above-mentioned geological composi-
tion makes the installation of piles to 
rock or spread footings on rock ex-
tremely difficult and expensive.

Aurecon initially proposed a 
‘f loating foundation’ solution (piled 
raft or raft foundation not founded on 
rock). This proposal was then further 
developed and refined in conjunction 
with BCJV.

The possibility of settlement of 
a f loating foundation on dolomite 
bedrock and the subsequent effect on 
the rail tolerances required accurate 
settlement predictions. However, the 

adequate full-scale settlement data did 
not exist and the need for a full-scale 
load test was recommended. Although 
a full-scale load test to determine the 
possible settlement is not normally 
done, it had two major advantages for 
the BCJV:  

Testing the expected settlements  N

enabled them to calibrate settlement 
calculations.
It enabled the preloading of sub-soil  N

material to improve material properties 
and reduce predicted settlements.

A further full-scale test was carried out 
at Pier P26 (where the pier was loaded 
with the full expected loading of the 
completed viaduct and train) after 
completion of the pile cap to verify the 
settlement calculations.

These foundations comprise a 
12 m x 12 m raft or pile cap, as well as 
20 number 600 mm diameter percussion 
drilled piles. The piles were either 10 m 
or 15 m in length, and the majority of 
piers are founded on this type of founda-
tion. As the foundation is not founded 
directly on rock, they are considered to 
be ‘floating’. The sinkhole load case was 
mitigated with compaction grout injec-
tion or void filling (20 m x 20 m area) at 
the pier locations. The objective of this 
procedure was to fill existing voids in the 
bedrock and overburden.  

The design is therefore based on 
the assumption that a sinkhole will 
not form in the void filled area and the 
20 m x 20 m block will be stable should 
a sinkhole form next to this area. BCJV 
verified this assumption with finite 
element modelling and calculations by 
other consultants.

Settlement results for the full-scale 
loading at each pier were analysed. 
Depending on these results and the 
borehole logs, either rafts or piled 
rafts (with 10 m or 15 m piles) were 
implemented. Piles were introduced to 
the raft solution to reduce settlements 
where the raft foundation was insuf-
ficient. Pier 26 was test-loaded to the ac-
tual working load of the viaduct which 
confirmed the assumptions.

Piles to rock (total of 7)
At a number of locations, the subsoil con-
ditions limited access for equipment (next 
to some of the main access roads) and 
availability of construction equipment 
made the installation of piles to rock more 
suitable than a raft foundation.
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Large diameter pile foundations com-
prised four or six number 1,3 m diameter 
piles (typically 25 m long), underneath 
a 7,2 m x 7,2 m pile cap. The extreme 
sinkhole risk and deflection aspects 
were considered as part of the conven-
tional design of the pile foundations. It 
is important to note that the sinkhole 
load cases were considered critical and 
resulted in a substantial increase in rein-
forcement quantities in the piles.

Shaft foundations (total of 7)
Shaft foundations were only installed 
where the founding depth was above 
the water table, access restraints or 
limited space existed but construction 
equipment was available. The shaft 
foundation comprises a 7 m diameter 
shaft with 500 mm thick walls, filled 
with compacted soil. Again, the extreme 
sinkhole risk and deflection aspects 
were considered as part of the conven-
tional design of the shaft foundations. 
The shaft foundation is considered a 
very effective solution to mitigate the 
effect of a sinkhole on the structure.

Spreadfootings (total of 6)
Spreadfootings were considered feasible 
at locations with overburden less than 
5 m and a fairly horizontal or predictable 
bedrock profile. Typically, these footings 
were 6 m x 6 m square founded directly 
on the bedrock.

Structural design 
General
The structural design of the typical via-
duct included:

Design of a conventional post-tensioned  N

concrete deck and the reinforced con-
crete piers.
Generation of segment catalogues as  N

shop documents for the construction 
of the superstructure. These cata-
logues included all the relevant details 
pertaining to the span- and segment 
geometry, inserts, prestressing and re-
inforcement details.
Special provisions for the segmental  N

construction method and other 
construction related inserts, which 
included the accommodation of tem-
porary brackets on the piers to accom-
modate the launching girder.

Unique Viaduct V5c design  
In addition to the general viaduct 
design requirements and as a result 

of the unique founding solutions, the 
design of Viaduct V5c was influenced 
by the soil-structure interaction and 
the rail-structure interaction. The fact 
that the subsoil conditions necessitated 
the implementation of mainly f loating 
foundations and the installation of a 
continuous welded rail on top of the 
structure, affected the overall design 
approach and methodology.

The f loating/raft foundations 
resulted in much larger structural 
movements than piers founded on 
rock. These structural movements 
have a direct influence on the stresses 
in the structure as well as in the rail. 
The behaviour of the complete system, 
including the foundation conditions, 
under longitudinal traction/braking 
and temperature effects, is essential to 
the overall structural performance of 
the viaduct.  

The effect of the extreme sinkhole 
event on the piers founded on rock is 
significant to the structural perform-
ance on the foundation and the overall 
integrity of the viaduct. These piers and 
associated foundations were therefore 
designed to accommodate the extreme 
sinkhole event without jeopardising the 
structural preference of the viaduct. 
Aurecon’s detail design team analysed 
these complicated effects which re-
sulted in an optimum solution that 
complies with the design codes and 
satisfied BCJV’s requirements.

CONCLUSION 
The Gautrain project plays an important 
part in the economic development of 
the Gauteng Province. The route of this 
rapid-rail project passes through the con-
gested Centurion urban area with existing 
infrastructure and is situated on complex 
dolomite geology.

Although a number of similar 
viaducts exist on the project, Viaduct 
V5c is the single longest viaduct on 
the project. The viaduct has a unique 
design and overcame exceptional con-
struction challenges. These included 
the design and construction of founda-
tions on a geotechnical stratum that is 
well-known for the sinkhole risk associ-
ated with the dolomite bedrock, as well 
as the majority of the pier foundations 
that were not founded on bedrock, 
resulting in the provision for possible 
movement of the structure. 

The effect of the extreme sinkhole 
event on the piers founded on 
rock is significant to the structural 
performance on the foundation 
and the overall integrity of the 
viaduct. These piers and associated 
foundations were therefore designed 
to accommodate the extreme 
sinkhole event without jeopardising 
the structural preference of the 
viaduct. Aurecon’s detail design 
team analysed these complicated 
effects which resulted in an 
optimum solution that complies 
with the design codes and 
satisfied BCJV’s requirements



THE MOSES MABHIDA STADIUM has 
been designed as a symbol of the unification 
of a nation with a passion for sport. This is 
epitomised by the 106 metre high central 
arch – spanning the length of the stadium. 
The 360 m long arch supports a web of 
interlocking galvanised steel cables totalling 

over 36 km in length which add form to the 
tensile roof. The 30-storey high arch weighs 
2 600 tonnes and consists of 56 sections, 
each measuring 10 m in length. 

The iconic arch has become a world 
first tourist attraction featuring a high-tech 
cable car designed to take visitors up to a 

viewing platform, where they can disem-
bark to enjoy panoramic views of the city 
and the stadium. The two southern legs in-
corporate a guided adventure walk of some 
550 stairs to reach the top of the arch. 

The stadium was designed to be a 
multi-purpose facility and has proved to 
be very popular with local and interna-
tional tourists, due to the attractions and 
shopping area. To date it has successfully 
hosted 15 bowl events since its opening 
at the end of November 2009 with a total 
of 275 000 spectators. In addition, over 
100 conferences and corporate functions 
have been hosted, 100 000 people have 
been up the SkyCar, almost 3 000 have 
walked up the arch and 35 000 people 
have been on a stadium tour. 

PROJECT OVERVIEW
Ibhola Lethu Consortium was awarded 
the design and project management of 
the new stadium in mid-2006. The major 
challenges and highlights of this unique 
project include:

Stringent requirements for concrete  N

quality, durability and aesthetics were 
specified and achieved 
Procurement of 57 contracts, 3 direct  N

and 54 sub-contracts, to the main 
building contract
Installation of 1 901 no of CFA piles,  N

ranging from 450 – 700 mm in diam-
eter, to an average depth of 20 m
A world first in the design of the roof  N

arch foundations, involving diaphragm 
walling to bedrock, massive cappings 
and springer plinths
Innovative design and a South African  N

first for pre-cast design and installation 
in stadiums
Construction of saw-toothed raking  N

beams to stringent tolerances for the sup-
port of pre-cast concrete seating panels

KEY PLAYERS
Client Strategic Projects Unit, Ethekwini Municipality
Professional Team Ibola Lethu Consortium (Pty) Ltd
Main Contractors Group 5, WBHO, PANDEV Joint Venture 

MOSES MABHIDA STADIUM

COMMENDATION – Technical Excellence category
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Moses Mabhida Stadium
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Design, manufacture and erection of  N

1 832 pre-cast seating panels varying in 
weight from 4,5 – 6,5 tonne
102 pre-cast façade columns in 25 pro- N

gressively raked shapes weighing up to 
60 tonne
16 Shear-cores providing lateral sta- N

bility to both the bowl and roof struc-
tures
84 000m N 2 of post-tensioned suspended 
slabs
Construction of 800 m of reinforced  N

concrete retaining walls varying in 
height between 4 m and 8 m
18 pre-cast ‘Tilt Up’ panels for archi- N

tectural cladding of the arch’s springer 
plinths
100 pre-cast U-shaped illumination  N

beams
Precision planning for the operation of  N

14 tower cranes with 60 – 70 m overlap-
ping jibs, 450 and 650 t crawler-cranes 
with 115 m jibs, as well as numerous 
mobile-cranes often working simulta-
neously 
A workforce of over 2 800 on site at  N

peak time. 

STADIUM DESIGN
The stadium bowl provides a structural 
concrete frame for the support of the spec-
tators seating arena and also acts together 
with the arch foundations as support for 
the roof structure. Normal seating capacity 

is 56 000, which was extended to 70 000 
for the FIFA World Cup with additional 
seating installed on Level 6. 

The main structural member of the 
roof consists of a 106 m high arch span-
ning 360 m onto the arch foundations. 
Fifty main ridge cables are supported 
from the arch which defines the shape 
for the 46 000 m2 of roof coverage. 
These ridge cables, as well as the valley 
cables, are connected to the compres-
sion ring that in turn is supported on 
steel façade columns 

The roof cables are pre-manufactured 
to exact lengths required for the precise 
geometry of the cable net structure 
that spans between the arch and the 
compression ring. Any deviation from 
the tight geometrical tolerances would 
induce forces in the pre-stress cable 
net that would potentially have serious 
structural implications. This necessitated 
very stringent specifications with respect 
to the setting out tolerances for all sup-
port points at the interface between the 
concrete and roof structure. In addition, 
the stiffness of the concrete support 
structure had to be precisely determined, 
as accurate stiffness values at the inter-
face to the roof were required for the 
structural analysis model of the roof.

The required stiffness parameters of 
the concrete support structure were ob-
tained through Finite Element Modelling 

(using Robobat software) of each seg-
ment (expansion joint to expansion joint) 
of the bowl.

These models incorporated all struc-
tural concrete components that contrib-
uted to the overall vertical and lateral 
stiffness of the stadium bowl. The output 
of the FEM modelling was also used for 
the foundation and shear core design.

The shear cores provide lateral sta-
bility for each section of the stadium bowl 
(expansion joint to expansion joint). The 
thickness of the walls varies from 250 mm 
to 300 mm. The main reason for this 
variation in wall thickness is to obtain 
compatible deflections in the concrete 
structure at the interfaces with the roof 
structure at Level 6. 

The loads transferred from the steel 
roof columns onto the concrete structure 
at Level 6 vary vastly around the circum-
ference of the bowl. The concrete struc-
ture provides lateral support to the arch 
at the north and south sides, whereas the 
reactions on the east and west sides are 
mainly axial loads.

The main forces transferred through 
the arch onto the reinforced concrete 
foundations are in excess of 100 MN ap-
plied at an inclination of approximately 
38˚ to the horizontal. A number of 

2

1  and 2  The Moses Mabhida Stadium in 

Durban – impressive by day and by night



options were investigated to resist these 
astronomical forces, with the main chal-
lenge to limit lateral deflection of the 
arch foundations.

Options considered ranged from pile 
solutions, pile and anchor solutions, tie-
back to the main bowl structure and dia-
phragm walls acting as shear walls. It was 
eventually determined that diaphragm 
walls were not only the most practical and 
least time consuming, but also the most 
cost-effective solution.

The foundations are elongated 
rectangular boxes with 800 mm thick 
reinforced concrete walls. The northern 
foundation is 44 m x 7 m in plan, and the 
two southern foundations are 30 m x 4 m 
in plan. The walls were excavated and 
cast under bentonite slurry (drilling mud) 
in panel lengths of up to 7 m to a depth 
of 20 m. Each wall panel is embedded at 
least 0,5 m into siltstone with a compres-
sive strength of 2 MPa or stronger.

Only limited bond could be relied on 
between adjacent concreted panels since 
no transverse shear reinforcement is pro-
vided across the vertical joints due to the 
construction methods. In order for the 
wall panels to structurally act together, 
the individual wall panels were connected 

3

4

3  and 4  The roof of the Moses Mabhida 

Stadium – attractive in its intricate complexity. 

The main structural member of the roof 

consists of a majestic 106 m high arch 

spanning 360 m onto the arch foundations
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at the top with deep heavily reinforced 
capping beams (3 m on the south founda-
tions, 5 m on the north).

In addition to vertical and horizontal 
reinforcement, each wall panel contains 
four or more vertical multi-strand 
post-tensioning cables. The vertical 
reinforcing is fully bonded into, and 
the strands extend through, the deep 
capping beams which are also post-
tensioned. The high-strength post-ten-
sioning cables were introduced not only 
to reduce the amount of conventional 
reinforcing in order to provide enough 
free space for the placing and compac-
tion of the concrete, but also to enhance 
the stiffness of the foundation structure. 

The structural design of the arch 
requires that the maximum initial hori-
zontal deflection has to be limited to 
25 mm while the maximum long-term 
deflection is limited to 50 mm. The load 
deflection behaviour of the foundations 
was analysed using PLAXIS 3D which 
applies Finite Element Elasto-Plastic 
techniques for the calculation of soil-
structure interactions.

The connection of the arch to its foun-
dation is facilitated through the introduc-
tion of a reinforced concrete springer 
plinth on top of the capping beam. The 
stringent geometrical tolerances with 
respect to the positioning of the arch, 
coupled with the transfer of the enormous 
forces onto the foundations, necessitated 
the introduction of a very complicated but 
precisely detailed steel cast-in element at 
the top of the concrete plinth.

The arch plinths have a trapezoidal 
shape similar to that of the arch and are 
in excess of 10 m high and 16 m long. 
A total of 275 m3 of concrete was used 
in each of the southern plinths, and 
420 m3 in the northern plinth. Each of 
these plinths was constructed in a single 
pour, except for the top 1,2 m which 
contain the embedded cast-in elements. 
Appropriate additional measures were 
implemented to control the high heat of 
hydration to ensure optimal curing of 
these massive plinths. This was achieved 
through the introduction of 100 mm 
thick polystyrene cladding applied exter-
nally for temperature insulation.

The final architectural shapes of these 
plinths were achieved by the introduc-
tion of pre-cast cladding panels that were 
erected using tilt-up technology. These 
panels weigh up to 20 tonne each and are 
in excess of 12 m high.

SUSTAINABLE MEASURES
Several sustainable measures have been in-
corporated into the construction of the pre-
cinct. Masts, control gear, topsoil, pre-cast 
seating, steel (400 tons) and bricks (40 000) 
removed from the old Kings Park Stadium 
on the site were recycled and utilised 
for the new stadium, as well as for other 
projects in the city. Although the stadium 
has a huge visual impact, all the stadium 
lights are contained in a catwalk below the 
roof, so there are no light masts protruding 
above the stadium roof. Another sustain-
able measure has been the incorporation 
of a harvest tank which collects rainwater 
from the roof to irrigate landscaping in the 
precinct. Energy-saving light fittings and 
regulated water flow devices have also been 
incorporated, as well as double glazing and 
sun-control features on all windows. 
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Major Subcontractors and Suppliers Ilembe Civils JV and  
Ilembe Buildings JV, comprising 18 stakeholders of  
which Group 5 and WBHO are the main stakeholders

KING SHAKA INTERNATIONAL AIRPORT

COMMENDATION – Technical Excellence category
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King Shaka 
International Airport

The R8,4 billion King Shaka 

International Airport outside 

Durban is the first greenfield 

airport of its kind to be built in 

South Africa, comprising state-of-

the-art aerodrome facilities and 

infrastructure capable of handling 

7,5 million passengers per annum. 

As a complete replacement of the 

much smaller Durban International 

Airport, it includes a world-class 

cargo handling facility which is 

unique to Africa, and a 3,7 km 

long runway capable of handling 

new generation large aircraft 

such as the 555-seat Airbus A380. 

The mammoth task of providing 

a fully functional airport within 

an already tight construction 

period of 33 months was further 

complicated by the addition of 

over 250 civil engineering variation 

orders during the project life-cycle



THE KING SHAKA International 
Airport (KSIA) is situated on a mas-
sive 2 000 ha site in La Mercy, 35 km 
north of the Durban city centre. The 
development of the site was planned for 
a phased expansion with the first build 
(ready in 2010) having operational ca-
pacity up to 2015.

The Ilembe EPC Consortium, led 
by Group 5 and WBHO, was awarded 
the contract for the design and con-
struction of the new airport facility 
in June 2007, and was responsible for 
handing over a fully functional airport 
to the Client (Airports Company of 
South Africa associated with Dube 
Tradeport) by the end of April 2010. 
Such a large and multi-disciplinary 

project required the assembly of a 
comprehensive team of professionals 
including PDNA, GOBA, BKS and 
Y&S for the design and construction 
supervision of all civil and structural 
engineering works on the site.

Some of the key design elements 
unique to the airport are discussed below.

PASSENGER TERMINAL
The focal point and most significant 
building on the site is the passenger 
terminal and associated air corridor 
complex. Located over a previously 
filled valley, the 100 000 m2 building 
comprises a basement, arrivals level, 
departures level and offices and plant 
room block. Light-weight structural 
steel mezzanine f loors were installed to 
support the baggage handling system 
and control offices. The air corridor, of 
some 500 m overall length, faces onto 
the airside and feeds a series of fixed 
bridge links to the aircraft. 

Rock at depths from 5 to 15 m below 
ground level provided a piling solution 
comprising driven cast in-situ 225 tonne 
piles. Reinforced concrete pile caps of 1 to 
15 piles support all column loads.

Value-engineering the optimum 
spans required for the terminal archi-
tectural module with available building 
systems, indicated a 725 mm deep rein-
forced cast in-situ concrete coffer slab 
system providing a 15 m regular grid. 
Using the proprietary and readily avail-
able quick strip coffer system achieved 
rapid construction with concrete pours 
reaching 1 100 m3.

The air corridor utilised 250 mm con-
ventionally reinforced flat slabs, providing 
fast construction and flexibility.

Structural steelwork is featured 
extensively as a principal structural 
element, both as an architectural fea-
ture and as a cost-effective structural 
system. The structural system is in 
essence a primary one-way girder 
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1  Passenger terminal, air corridor 

and aircraft parking stands
2  Control tower precinct, cargo 

terminal and Code F aircraft parking 

stands in front of the terminal

2



support system spanning 60 and 30 m. 
The girders are spaced at 35 m centres, 
with a secondary orthogonal system 
supporting the purlins and roof fabric. 
Some 5 000 tonnes of structural steel 
were supplied, the delivery programme 
and access period for erection being 
critical for the accelerated construction 
programme.

Future module-based expansion of the 
passenger terminal was factored into the 
current design.

CONTROL TOWER
The highest point on the site, due to the 
visual control requirements, is the con-
trol tower cab – now a defined iconic 
landmark. The operational require-
ments dictated a three-floor module, 
comprising 360º clear uninterrupted 
sight lines at the top controller level. 
The tower is located over a deep-filled 
valley with bedrock level at 20 m which 
required a piled solution.

Given the construction and program-
ming constraints, the following sequence 
of activities was undertaken to erect the 
cab in position:

The shaft was constructed using  N

reinforced concrete placed with 
the sliding shutter technique.
The cab steelwork frame was erected  N

about the shaft at ground level.
The external façade clad- N

ding was installed.
A steel lifting frame with four sup- N

port arms was erected at the top 
of the shaft, designed to become 
part of the final structure.
The partially constructed cab of  N

some 350 tonnes was hung from the 
support points, and using a post-
tensioning jack and strand system, 
jacked up to the final location by 
wedging and retracting the jacks.
The assembly was aligned by poly- N

urethane wheels to run against the 
shaft face, and the complete lift 
was undertaken in seven days.
The framework was then com- N

pleted by erecting the central 
portion of the radial roof struc-
ture using the tower crane.  

3  Bulk storm water conveyance and 

spill management infrastructure 

in the southern precinct
4  Runway and taxiway system layout
5  Landscaping in front of the 

passenger terminal being completed

3

4
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This unique one-off project required  N

extensive innovative skills at every level, 
covering concept, design, detailing, fab-
rication, erection and implementation.

BULK STORM WATER MANAGEMENT  
AND POLLUTION CONTROL
As mentioned above, the airport site 
covers approximately 2 000 ha, of which 
660 ha were developed/enhanced under 
this project. Approximately 30 km of 
450 mm – 1 800 mm diameter pre-cast 
concrete pipes drain two major catch-
ments via four outfalls into sensitive 
wetlands. The total attenuated dis-
charge from the site during a 50-year 
storm is approximately 90 m3/sec.

Significant design challenges included:
The attenuation of storm flows back  N

to pre-development levels required a 
combination of at-source attenuation 
and the construction of attenuation 
structures. Approximately 120 000 m3 
of storage had to be created within the 
airfield itself.
Acceptable storm water quality could  N

not be achieved without the use of 
structural and non-structural meas-
ures. Of particular concern was the 
treatment and management of the first 
flush coming off the aprons, and the 
fuel storage areas. Large-scale oil-water 
separators were constructed to mini-
mise environmental impact.
Catastrophic fuel spillage had to be  N

limited/avoided. The inclusion and in-
tegration of diversion and containment 
systems in the event of a catastrophic 
failure led to complex solutions, in-
cluding automatic hydrocarbon detec-
tion, actuated diversion and contain-
ment in 1,5 Ml containment structures.

RUNWAY AND TAXIWAYS
The intricate runway and taxiway systems 
are designed to accommodate aircraft 
movements for new generation large 
aircraft such as the Airbus A380. The ef-
fective runway length is mainly a function 
of prevailing wind and temperature, slope 
and altitude at the airport. The runway 
at KSIA is effectively 500 m longer than 
the old Durban International Airport, 
ensuring that large heavy aircraft, e.g. 
Boeing 747s, will be able to take-off 
without take-off weight restrictions.

The construction of the runway and 
parallel taxiway commenced during 
an extremely wet season in 2007. The 
primary underlying weathered Berea 

Red material was found to be very sensi-
tive to moisture f luctuations and thus 
proved difficult to manage and use. 
The pavement designs were based on 
maximum utilisation of the material 
available on site to limit importation 
costs of suitable material. A balance had 
to be struck between the two options of 
mixing the in-situ Berea Red sand found 
on site with locally available white sand 
and imported gravel to reduce construc-
tion costs. Actual load configuration 
and tyre pressure of the design aircraft 
(at maximum take-off weight) was ap-
plied on a linear elastic model of the 
pavement. Responses measured for each 
layer were then used in transfer func-
tions or failure models to determine the 
life of the respective pavement layers, 
and eventually the overall pavement life 
of the whole structure. The following 
pavement structure was adopted for the 
runway and taxiways:

40 mm modified binder SMA N

80 mm continuously graded asphalt  N

surfacing
125 mm G1 crushed stone base layer  N

compacted to 88% of ARD
175 mm C3 stabilised upper sub base  N

compacted to 97% of MADD
200 mm C3 stabilised lower sub base  N

compacted to 97% of MADD
150 mm G7 upper selected layer com- N

pacted to 95% of MADD
800 mm Type 1 fill (typically dune sand  N

fill) compacted to 100% of MADD
Roadbed preparation by proof rolling N

OTHER INFORMATION 
The project was truly multi-disciplinary, 
encompassing virtually all aspects of civil 
engineering, including:

Bulk earthworks (± 6 million m N 3)
Roadworks in massive cuts and fills N

Runway and taxiways (asphalt  N

± 400 000 m2)
Parking facilities (multi-storey parkade  N

and open parking, 4 500 bays)
Concrete pavements (apron concrete  N

± 32 000 m3) 
Bridge construction (elevated roadway) N

Piling N

Cast in-situ concrete work  N

Precast concrete work  N

Water-retaining, cast in-situ concrete   N

Building structures (46 structures  N

including passenger terminal, cargo 
terminal and control tower)
Large diameter sewer and water mains  N

(steel, HDPE and mPVC)

Large diameter storm water pipes (up to  N

1 800 mm diameter) 
Structural steel work (± 5 000 tonnes) N

Cable ducting (475 km) N

Multiple pump stations N

Waste water treatment works (2 off) N

Emergency spill control infrastructure N

With over 500 contractors (including 
vendors) involved in the construction 
phase at multiple locations across the 
site, the timing and sequencing of activi-
ties required extensive thought and in-
novation. Careful planning during both 
the design and implementation phases of 
the project was thus essential in order to 
ensure integration of the various disci-
plines and stakeholders.

While the extremely tight design and 
construction programme of approxi-
mately 33 months presented its own set 
of unique challenges, the following as-
pects could in themselves be regarded as 
uniquely challenging on the project:

Numerous Client changes during the  N

course of the contract which required 
the re-engineering of certain aspects of 
the works, including major items such 
as the shifting of the entire trade zone 
approximately 400 m further north, 
structural revisions to the central 
terminal building, new landside retail 
additions, changes to landside parking 
areas, additions to the multi-storey car 
park, additional buildings, changes to 
the cargo terminal apron, additional 
taxiway B between taxiway F and 
taxiway N, etc.
Being such a large site, the bulk  N

earthworks component of this project 
was one of the most critical risks 
during the early stages of the contract. 
Sourcing, management, movement 
and control of approximately 6 mil-
lion m3 of earthworks required close 
interaction between the design team 
and the various contractors. The 
system of controlled access roads, haul 
roads and location of borrow pits and 
spoil areas required careful planning 
and design up front to accommodate 
the high volume of vehicles moving 
around the site. Approximately 
5 000 people per day were accom-
modated on site on average.

All building and surface infrastructure 
under the original contract was handed 
over to the Client in stages, with the 
final handover in April 2010 – on time 
and ahead of the much anticipated 
2010 World Cup. 
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LIFE BEYOND OUR RIVERS – SEDGEFIELD CASE STUDY
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Life beyond our rivers  
Sedgefield case study 
INTRODUCTION AND BACKGROUND
The period December 2008 to 
January 2009 saw the Southern Cape 
experiencing one of the worst droughts 
ever. Sedgefield, a seaside town on 
the Garden Route, situated within the 
Knysna municipal area, effectively ran 
dry in January 2009 when the Karatara 
River stopped flowing.

While potable water was tankered in 
to Sedgefield, the Knysna Municipality 
sought an urgent solution, and alterna-
tives were examined to implement 
rapid, short- and medium-term options. 
Although the conventional storage, treat-
ment and conveyancing structures meet 
peak demand, these fail in severe drought 
conditions, with the resulting water 
shortages having a devastating effect on 
all aspects of the local economy.

Existing Water Supply
The town relied on the in-stream flow of the 
Karatara River to supply water, as there are 
no dams or impoundments to provide water 
in the event that the river stops flowing.

Sedgefield Water Augmentation Report 2003
In 2003 a comprehensive long-term plan 
to provide water for Sedgefield up to the 

1

1  The desalination plant at 

Myoli Beach, Sedgefield 
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year 2030 was developed by Ninham 
Shand Consulting Engineers.  

The plan consisted of abstracting water 
from the Hoogekraal River, storing it in an 
off-channel dam, down-grading the present 
Ruigtevlei WTW on the Karatara River 
to a pumping facility, and constructing a 
new WTW on the Cloud Nine Hill above 
Sedgefield town. The total budget in 2008 
for the scheme was R110-million.

The plan was not implemented due to 
a lack of funds, although some funding 
(R14,2 million) was obtained from 
National Treasury, following the August 
2006 floods, for relocating the WTW.

Sedgefield Waste Water Treatment Works
The existing WWTW is located on a 
small site with restricted boundaries, 
between dunes and existing residential 
developments. A portion of the discharge 
flows into the Groenvlei, which is a sensi-
tive water receptor; this has resulted in 

strict performance criteria being set by 
the Department of Water Affairs (DWA).

The existing SBR units are rated to treat 
up to 750 kℓ/day. The current treatment 
configuration does not meet the required 
Special Limit Values (SLVs), imposed by the 
DWA. The SLV limits are not met due to 
high hydraulic loading in peak seasons and 
the higher than average sewage strength.

The municipality initiated a study 
in 2007 to investigate the upgrading op-
tions to meet the SLV standards for ef-
fluent discharge.

PROPOSED SEDGEFIELD WATER 
AUGMENTATION PLAN
To cope with the crisis conditions in 
January 2009 certain interventions had to 
be implemented immediately to prevent 
interruptions to the town's water supply, 
and as alternatives to the expensive 
transfer of potable water from George/
Wilderness by road tanker. 

Short-term options were also exam-
ined for implementation after the initial 
crisis measures had been put in place, 
and these are described below under the 
Accelerated Water Augmentation Plan.

Subsequently, the investigation was 
expanded to examine the medium-term 
and longer-term options, and to develop 
an integrated plan for the proposed water 
supply augmentation measures that would 
mitigate the risk of overall supply failure 
should one, or more, of the sources fail.

The immediate, short-, medium- and 
long-term supply options combine the con-
junctive use of surface water, ground water, 
desalinated water and the re-use of final 
effluent from the waste water treatment 
works. These sources were ranked based 
on costs and risk of failure to provide for 
Sedgefield’s long-term water needs.

The proposed scheme will be imple-
mented in phases to provide water as de-
mand increases. In addition, the scheme 
provides “insurance” against peak season 
failure in the short- to medium-term. At 
present the peak season demand is 30% 
higher than the average. Figure 2 shows 
the distribution of the amounts of water 
produced from the different sources.

ACCELERATED WATER 
AUGMENTATION PLAN 2009
Hoogekraal River Transfer – rapid (complete)
The Hoogekraal River continued to flow 
throughout the months of December 2008 
and January 2009. The catchment area is 
steep and responds well to precipitation. As 
a rapid intervention a portable pumpstation 
and 110 mm diameter pipe was installed 
to pump water from the Hoogekraal River 
to the Ruigtevlei Water Purification Works 
on the Karatara River. The pipeline was laid 
above ground as an interim measure. The 
pipeline is 3 600 metres in length and can 
deliver approximately 1 Mℓ to the Ruigtevlei 
WTW. The cost to implement the scheme 
was R1,3 million (excl VAT).

Well Points – rapid (complete)
Existing privately-owned well points at 
Lake Pleasant and Windemere, which 
could be brought into production rapidly, 
were investigated. The yield of the well 
points is approximately 0,290 Mℓ/day. 
The cost of equipment and transferring 
the water into the supply system was 
R0,4 million (excl VAT).

Hoogekraal River Transfer – short-term (complete)
The Hoogekraal transfer scheme had to be 
made permanent by burying the 110 mm 
diameter HDPE pipe, and providing a 
permanent position and electrical power 
for the pumps. The estimated cost was 
R0,5 million (excl VAT).

Table 1  Estimated Operating and Maintenance Costs

Description
Cost*
(R/m3)

Power costs (based on R0,50 per kWh**) 1,90

Consumables (chemicals, filter, cartidges) 1,90

Maintenance / replacement costs  ,40

Operator costs  ,40

Total estimated O&M cost 3,40

Notes:
*     Based on the plant running 24 h/day, producing 1,5 Mℓ/day, i.e. lowest unit cost
**    R0,50 per kWh assumed due to Eskom tariff increases (2009 power costs were initially 

R0,30 per kWh)

Re-use
Waste Water (5)

Karatara
River (1)

Hoogekraal
River (2)

Boreholes (3)

Desalination
Sea Water (4)

2  Distribution of the amounts of water 

produced from the different sources
3  URV values and utilisation of 

the available water sources

2
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Emergency Drilling Program – short-term (complete)
A number of shallow boreholes were 
drilled and preliminary testing indicated 
a borehole yield of 1,5 Mℓ/day. The aquifer 
yield has not been accurately determined 
and for planning purposes only 0,5 Mℓ/
day is included in the scheme. The cost of 
the plantation borehole field was R3,0 mil-
lion (excl VAT).

Karatara River Weir – short-term (initiated)
To prevent further sea water contamina-
tion from the Swartvlei into the Karatara 
River at the Ruigtevlei WTW, temporary 
weir plates were placed at the culvert 
openings. A permanent installation is 
however required to prevent further con-
tamination. The estimated cost for this 
work is R2,5 million (excl VAT).

MEDIUM-TERM WATER AUGMENTATION PLAN
In the short- to medium-term the fol-
lowing options were examined for imple-
mentation as the water demand grows. 

Desalination (complete)
To meet the immediate demand ap-
proximately 3,5 Mℓ/day assured supply is 
required.

The surface water supply from the 
Karatara /Hoogekraal River should be 
curtailed at 1,5 Mℓ/day, and supply from 
boreholes at 0,5 Mℓ/day. The difference 
of 1,5 Mℓ/day will be made up from the 
desalination of sea water.

The Sedgefield desalination plant 
is a single-pass, reverse osmosis (RO) 
system that can produce 1,5 Mℓ/day 
of potable water. The plant consists 
of two 0,75 Mℓ/day modules in two 
separate 12 m steel shipping containers. 

Extracting sea water and disposing of the 
concentrate (brine) is achieved by using 
beach wells. More than twice the amount 
of sea water is required to produce 
1,5 Mℓ/day of potable water – with 45% 
being harvested as product and 55% re-
turned to the sea as concentrate (brine). 

SSI is proud to have completed 
this project within three months: the 
appointment contract was signed on 
1 October 2009 and the plant was func-
tional on 18 December 2009 – in time for 
the December holiday peak.

Due to time constraints and the need 
to have the plant ready for the December 
holiday period, the Environmental 
Processes were conducted in parallel 
with the procurement of the plant. It was 
decided to procure a containerised (mo-
bile) plant that could be moved should 
the environmental process show negative 
impact on the surroundings. The cost 
reflected in the business plan was based 
on the option of placing a mobile plant 
near the sea at the Myoli Beach parking 
area and pumping the desalinated water 
to the Blombosnek reservoirs to blend in 
with the water from other sources.

There are a number of scenarios for 
the operation of the plant – from running 
it as much as possible (resulting in the 
lowest unit cost for the desalinated water), 
to running it as little as possible (resulting 
in a relatively high unit cost).  

The cost of the desalination plant and 
feed water pumping scheme is R16,0 mil-
lion (excl VAT).

Re-commissioning the Ruigtevlei WTW
The Ruigtevlei WTW cannot meet 
acceptable standards at a supply of 

2,2 Mℓ/day. Therefore it is proposed that 
the surface water supply be limited to 
1,5 Mℓ/day. To meet an acceptable supply 
standard of 1,5 Mℓ/day and to minimise 
downtime after flooding of the Karatara 
River, the works require refurbishment 
of the sedimentation and filter units. The 
cost to refurbish the works to 1,5 Mℓ/day 
is R4,0 million (excl VAT).

LONG-TERM WATER AUGMENTATION PLAN
The long-term option of waste water 
re-use is proposed as follows: 

Upgrading the Waste Water Treatment Works
The Waste Water Treatment Works must 
be upgraded from 750 kℓ/day to 2 Mℓ/day. 
To achieve the required SLV effluent, it 
is recommended that the works be up-
graded to a membrane bio-reactor plant. 
The MBR process will also provide good 
quality effluent which will be the building 
block for waste water re-use. The cost for 
upgrading the works to 2 Mℓ/day is esti-
mated at R15,0-million (excl VAT).

Reverse osmosis for waste water re-use
To provide the ultimate potable water 
supply of 4,5 Mℓ/day an additional 
1 Mℓ/day will be provided from the 
WWTW through direct reverse osmosis. 
The cost for final polishing of the final 
effluent to potable standards is estimated 
at R7,5 million (excl VAT).

Additional Storage
To provide adequate reservoir storage 
capacity, a 4 Mℓ additional storage 
facility will be needed. The cost to pro-
vide additional storage is estimated at 
R8,0 million (excl VAT).

Source 1
KARATARA RIVER

Source 2
HOOGEKRAAL RIVER

0,58
1,35
1,35

90,00

URV
Mℓ/d 2009
Mℓ/d 2025

% utilisation

Source 3
NEW BOREHOLES

3,01
0,50
0,50

100,00

URV
Mℓ/d 2009
Mℓ/d 2025

% utilisation

Source 4
DESALINATION PLAN

15,82
0,00
1,50

38,22

URV
Mℓ/d 2009
Mℓ/d 2025

% utilisation

Source 5
SEDGEFIELD WWTP

6,94
0,00
0,00

79,45

URV
Mℓ/d 2009
Mℓ/d 2025

% utilisation

KARATARA WTP

3,07
1,50
1,50

100,00

URV
Mℓ/d 2009
Mℓ/d 2025

% utilisation

3,06
0,15
0,15

17,42

URV
Mℓ/d 2009
Mℓ/d 2025

% utilisation

5.95
URV

1,0 Mℓ Water Re-use

1,5 Mℓ Desalination 

1,5 Mℓ Surface Water 

0,5 Mℓ Ground Water 
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COST BENEFIT ANALYSIS AND UNIT 
REFERENCE VALUES (URVs)
The proposals were subjected to a cost 
benefit analysis which was also used 
to determine the Unit Reference Value 
(URV) of the proposed plan, as well as 
that of the individual components of the 
plan. The URV values and utilisation 

rates for the different sources of supply 
are shown in Figure 3. 

The cost benefit analysis indicates 
an average positive value of R2,05 per kℓ 
of water produced. Further work is 
planned to develop a cost model to 
inform the process of optimising the 
water tariffs for Knysna.

The URV value for the overall scheme 
is calculated to be R5,95 per kℓ of water 

produced. It should be noted that this 
includes the additional capacity (“insur-
ance”) to meet peak season demands.

CONCLUSION
An innovative, demand-based approach 
was developed to address the water supply 
crisis  in Sedgefield, and this proved to be 
cost-effective and achievable within the 
tight time constraints. 

The Sedgefield project was the 
forerunner, coining the phrase 
“Conjunctive Water Use“, and paved the 
way for Mossel Bay, George, Knysna and 
Plettenberg Bay to re-assess all available 
water sources. 

The approach was based on making 
better use of the available water re-
sources and to supplement the tradi-
tional, inexpensive supply sources with 
ground water, desalinated water and the 
re-use of final eff luent. The conjunctive 
supply approach limits the risk of supply 
failure from a single source, and ensures 
sustainable  potable water security for 
Sedgefield into the future. Indeed – 
there is life beyond our rivers! 

Re-use
Waste Water (5)

Karatara
River (1)

Hoogekraal
River (2)

Boreholes (3)

Desalination
Sea Water (4)

4  Distribution of cost of water from sources
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Client SANPARKS
Professional Team Aurecon SA (Pty) Ltd
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Major Subcontractors and Suppliers Haggie Rand – cables and cable fittings

STORMS RIVER MOUTH – NEW FOOT BRIDGES
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1

Civil Engineering | December 2010 31

Storms River Mouth   
new foot bridges
Constructing pedestrian suspension 

bridges, while coping with 
heavy seas and high tides in an 

environmentally sensitive area that 
is virtually inaccessible for normal 

modes of construction, is what 
this unique project was all about

PURPOSE OF THE PROJECT
Driven by strong winds and hot condi-
tions, a devastating bush fire swept 
through the Tsitsikamma National Park 
in 2007, resulting in the polywood tourist 
pathway catching fire and burning at high 
intensity, causing damage to the rock 
faces and vegetation in the  immediate 
vicinity of the pathway.

In order to restore access to the 
Storms River mouth and to the existing 
suspension bridge over the mouth, as well 
as to the other trails in the park, an al-
ternative route needed to be found which 
would avoid the damaged areas, but would 
have minimal impact on the general sen-
sitive topography and environment.

After some investigation and evalua-
tion of alternative options, it was decided 
to erect two new suspension bridges 
across the deep gullies at the sea’s edge 
and connect these with new walkways to 
the original system.

DESIGN APPROACH
The foremost criterion in designing the 
new bridges was to make allowances for 

1  Safe above the waves – newly 

constructed pedestrian suspension 

bridges at Storms River Mouth
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the manual carrying in of all materials, 
as access to the site was not possible 
by vehicle, boat or helicopter. In addi-
tion, the bridge design had to take into 
consideration the harsh environmental 
conditions due to the proximity of the 
sea, and also had to ensure that future 
maintenance would be minimal and 

could be carried out without need of 
access other than walking to the site.

These constraints led to the selec-
tion of a suspension bridge supported 
on cables anchored to modular galva-
nised steel structures with polywood 
walking surfaces and stainless steel fit-
tings used wherever possible.

The Tender Site Inspection was 
carried out from a launch provided by 
SANPARKS, as reasonable foot access 
to the sites simply did not exist.

CONSTRUCTION
All materials and support works were 
carried in by hand along a 1 km winding 
boardwalk, which was steep in places with 
steps, and which was also still being used 
by tourists.

In order to bring in the materials, the 
contractor manufactured unique carrying 
containers, not unlike an old-style sedan 
chair, which could be carried by two 
people, safely and with health and safety 
criteria in mind. The heavy suspension 
cables were unwound from their drums 
and carried in by a long team of labourers 
in ‘snake’ fashion.

The positioning of the tower bases 
needed to be carefully finalised on site 
after rubble and detritus had been re-
moved, taking into account the nature and 
stability of the rock spurs and the height 
above the surf in heavy sea conditions and 
spring tides. The anchor pins were drilled 
in using a compressor which had been par-
tially dismantled and also carried in.

2

3
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Concrete aggregates and cement were 
carried in, in 30 kg loads and stored in 
weatherproof containers at the eastern-
most (farthest) pier position. Concrete 
was mixed with a small mixer which 
likewise had to be partially dismantled 
and carried in. Water was obtained by a 
gravity siphon from the perennial stream 
near the start of the walkway, also 1 km 
from the site, and regulated by a simple 
garden tap at the outlet.

Access from the eastern pier was cre-
ated by erecting a scaffold and temporary 
walkway virtually on the beach. This 
survived most tidal activities, but sustained 
fair damage during the severe storm in mid-
2009 which also caused extensive damage 
along the whole Southern Cape coast.

Once the bases had been shuttered 
and cast, the structural steel towers were 
erected and the cables pulled into posi-
tion using the temporary scaffold and 
walkway. Lastly the walking deck, hand 
guide cables, side protection, etc, were all 
fitted before the bridges were connected 
to the existing walkways with new poly-
wood access routes.

PUBLIC INTEREST
With tourists and other members of the 
public continuing to visit the park, con-
trol of the contractor’s yard in terms of 
neatness and planning was important, 
as well as the interaction with hikers 
walking along the existing walkways. 
Favourable comments and reactions 
were the order of the day, and many 
of the workers became the subjects of 
holiday snaps taken back to the far cor-
ners of the world.

Public reaction to the completed 
project has been very positive, especially 
now that the original walkway that had 
been destroyed in the fire has been rein-
stated, creating a circular route encom-
passing the bridges on the coastline and 
the forest on the return loop.

UNIQUE CHALLENGES
As mentioned above, the biggest chal- N

lenge was the site access, necessitating a 
special design approach and innovative 
ways of getting materials to site and ex-
ecuting the work on the very small and 
steep site footprints.

Removal of all surplus rubble and ma- N

terials also had to be done by hand.
The use of the “‘Working for Water”  N

job creation scheme presented unique 
challenges due to the low pay rates and 
the difficulty of motivating staff not 
used to construction conditions.
Minimising the impact on the imme- N

diate environment and on the ongoing 
visits by tourists.

SPECIAL  MENTION
The spirit of cooperation between 
the Tsitsikama Park management, 
SANPARKS staff and Board, the 
Contractor and the Consultant was key 
in this unique project. Incidents such 
as rock falls, wash-aways and storm 
damage, which could have had a major 
impact on the progress, were dealt with 
in a joint and proactive way to the benefit 
of all concerned. 

2  All materials and support works 

were carried in by hand
3  Not the easiest site conditions – 

centre pier under construction



INTRODUCTION
The road upgrade between White Bridge 
and Knysna (Trunk Road 2 Section 10) by 
the Provincial Administration Western 
Cape – Department of Transport and 
Public Works, Roads Infrastructure Branch 
– was designated as a World Cup 2010 
project and completed in May 2010. 

This stretch of road is approximately 
6 kilometres long and is situated along 
one of the most picturesque sections of 
the Garden Route. This section consisted 
of a single carriageway road with a sur-
faced width of approximately 7,4 m.  

The entire section of road is bor-
dered by the environmentally sensitive 
Knysna Lagoon on the south-western 
side and steep embankments on the 
north-eastern side. 

The shore protection along this entire 
section was in rather poor condition. 
An assessment of the road done in 2003 
indicated that the pavement had in fact 
reached the end of its structural life. The 
poor condition of the road was attributed 
to heavy traffic flow – the average annual 
daily traffic was estimated at 12 500 vehi-
cles per day, of which approximately 2 000 
were heavy vehicles. During December 
the average daily traffic count increased 
to approximately 30 000 vehicles per day, 
which justifies a four-lane roadway in 
terms of current geometric standards.

Two main intersections are found 
on this road, the Welbedaght Road and 
Old Cape Road intersections. No turning 
or passing lanes were present at these 
intersections which resulted in safety 
problems and long waiting periods.

A major shortcoming of the old road 
was the absence of facilities for pedes-
trians and cyclists. 

ENVIRONMENTAL IMPACT ASSESSMENT 
The possible environmental impact of the 
road upgrade had to be considered seriously, 
as the Knysna lagoon ranks very highly in 
terms of conservation. An estuarine study 
was therefore done and it was found that no 
permanent loss of habitat or species would 
result from the road upgrade. 

PUBLIC LIAISON PROCESS
The liaison process resulted in the 
public appealing for the avoidance of 
travelling delays during construction. 
The possible use of one-way traffic ac-
commodation during construction was 
heavily objected to, as this would have 
resulted in long travelling delays.

KEY PLAYERS
Client Provincial Administration Western Cape,  
Dept of Transport and Public Works, Roads Infrastructure Branch
Professional Team ERO Engineers and ITS Engineers Joint Venture
Main contractor Haw & Inglis Civil Engineering (Pty) Ltd

ROAD UPGRADE – WHITE BRIDGE TO KNYSNA
Trunk Road 2 Section 10

Technical Excellence category
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Road upgrade –  
White Bridge to Knysna

1  The restrictive nature of the road 

environment on the White Bridge to 

Knysna stretch presented demanding 

design and construction challenges
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Informal traders had been active along 
this road for many years. The two major 
trading areas were the so-called “Dust 
Bowl” near Knysna and the “Cheeseman 
Site” near White Bridge. 

Both these informal trading areas had 
to be relocated as their locations were 
inside the footprint of the newly planned 
road. Also, after completion of the road, 
insufficient space would exist for safe ac-
cess and parking. Various potential sites 
were investigated and eventually a site 
in Knysna was selected which was to the 
satisfaction of all parties and the traders 
were successfully relocated.

DESIGN INNOVATION IN THE NEW ROAD
The design of the road upgrading pre-
sented numerous challenges considering 
the sensitive and restrictive nature of 
the site, the requirements of the en-
vironmental Record of Decision, the 
requirements of the Client to maximise 
labour opportunities, and the require-
ment of the public regarding minimum 
travelling delays. 

Shore protection
Four alternative shore protection 
measures were considered, consisting 
of combinations of rock fill, gabions, 
concrete and Terraforce® walls and con-
crete sheet piling. After evaluation, the 
hybrid rock fill and gabion wall combi-
nation was chosen.

The advantages of this concept were 
the intrinsic stability of the structure, the 
low risk of contamination of the lagoon 
due to the clean rock used, and the po-
tential labour opportunities of the gabion 
construction.

Road cross-section
The road was widened to a Class 2 
cross-section from White Bridge to the 
Point which basically consists of two 
surfaced lanes (3,4 m each) with 1,5 m 
surfaced shoulders. A raised sidewalk of 
2,8 m wide was provided on the lagoon 

2

3

4

2  No pedestrian facilities before the upgrade
3  Construction of rock core 

next to the Knysna lagoon
4  Clay had to be imported for the 

construction of coffer dams at the major 

structures. In order to prevent pollution of the 

lagoon, the clay was placed in agricultural bags 

and then used to construct the coffer dams 
5  Turbidity screen at work to 

protect the Knysna lagoon
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side along the entire length of road to 
protect pedestrians and the lagoon from 
out of control vehicles.  

Due to the number and spacing of 
the main intersections on the stretch 
from the Point to Knysna, an additional 
3,4 m traffic lane was added in each 
direction. On this stretch, turning and 
passing lanes and traffic lights were 
added at the main intersections to im-
prove safety and capacity and to reduce 
waiting periods.  

Traffic accommodation
The public participation process was 
dominated by the appeal from the public 
to prevent unnecessary travelling delays 
during construction. 

After consultation with the relevant 
environmental authorities, the road was 
widened sufficiently to the lagoon side to 
accommodate two-way traffic. The future 
sidewalk area was therefore initially uti-
lised for traffic accommodation.

The added benefit of this design was 
the creation of a drop zone on the opposite 
side of the road for rock falls during rains. 

CONSTRUCTION OF NEW ROAD
The civil engineering contractor, Haw 
& Inglis Civil Engineering (Pty) Ltd, 
commenced construction in June 2008. 
The initial contract period was for 
18 months which was extended to 
22 months due to additional work. 
Completion date was to be May 2010.

Scope of works
The scope of works included the following:

Shore protection over a distance of  N

approximately 3 500 m to protect the 
road fill from erosion by tidal and 
wave action.
A 20-year design life pavement struc- N

ture with final surfacing of 19 mm 

5
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Cape Seal up to the Point and 40 mm 
asphalt up to Knysna.
A 2,8 m wide raised sidewalk con- N

structed along the entire length of the 
road to accommodate pedestrians.
Drainage which was generally dealt with  N

via concrete culverts. 
The construction of one single-span  N

bridge situated at the Salt River.
The realignment of all major intersec- N

tions, and the adding of lanes to im-
prove safety. 

Job opportunities
In line with government’s Expanded Public 
Works Programme objectives, the road 
was designed to maximise the labour 
content. At any given time, up to 350 local 
workers were employed and trained, which 
generated a wage payout of approximately 
R14 million over the contract duration.

Emerging black contractors
The project included participation by 
emerging black subcontractors, to the 
extent of approximately R25 million. Eight 
emerging black subcontractors were em-
ployed in gabion construction, pipe laying, 
concrete operations, transport of material, 
layerworks construction, kerb laying, brick 
paving etc. Three of the eight subcontrac-
tors had women shareholders with one 
being 100 percent female-owned.  

Shore Protection 
All shore protection was constructed in 
place. Problems with tides were overcome 
by planning the construction in such a 
way that the construction of the rock core 

foundation and the first layer of gabions 
were done during low tides.  

In consultation with the contractor and 
suppliers, a turbidity screen was developed 
to constrain contamination inside an ac-
ceptable area. The screen was anchored to 
the lagoon floor with weights and attached 
to floating pipes on the other side to ensure 
effectiveness during changing tides.

Coffer dams
Clay had to be imported for the con-
struction of the coffer dams at the major 
structures. In order to prevent pollution 
of the lagoon, this clay was placed in agri-
cultural bags and then used to construct 
the coffer dams. 

Construction Materials
For the sourcing of materials, the old 
Red Bridge Borrowpit near Knysna was 
used. This borrowpit had been aban-
doned twenty years ago, unfinished. An 
offer was made to the relevant authori-
ties to properly finish this borrowpit 
and in the process extract approxi-
mately 175 000 m3 for fill, selected and 
crushed subbase. 

Secondly, 125 000 m3 of rockfill and 
20 000 m3 of hand-selected gabion ag-
gregate were acquired from a commercial 
quarry situated just outside Knysna.

Budgetary Compliance
This project was awarded to the con-
tractor Haw & Inglis (Pty) Ltd to the value 
of R110 000 000. 

Approved extra works and additional 
works were ordered during the contract to 

the value of approximately R40 000 000. 
The expected final value of the contract 
was R150 000 000.

CONCLUSION 
This project had the potential to become 
something special and the end product 
indeed lives up to this expectation. 

The successes of this project 
include the following: 

safety improvement of the  N

road for the road user 
improvement of the intersec- N

tions to reduce waiting periods 
improvement of the sea life en- N

vironment next to the road
the creation of pedestrian  N

and cycle facilities
the improvement of the en- N

trance to Knysna from an 
aesthetic point of view
the creation of job opportunities to  N

relatively large numbers of people, 
and the training of these workers 
the training and employment of  N

small emerging contractors
the finishing of the abandoned  N

Redbridge Borrowpit which had 
been an eyesore for many years
the relocation of the informal  N

traders to an improved site.
The entire team feels privileged to have 
been involved in this project, and we 
would like to thank the Provincial 
Administration Western Cape for the 
opportunity.  

6  and 7  Views of the completed 

road and rehabilitated embankment

6 7



INTRODUCTION
In June 2005 ACSA decided to proceed 
with the development of the Cape Town 
International Airport, considering the 
successful bid for the 2010 FIFA World 
Cup. The original scheme had been put on 
hold in January 2004.

PROJECT DESCRIPTION
The design of the new central terminal 
buildings forms part of the overall long-
term master plan. This required the 
following:

A new central terminal building which  N

combines the international and do-

mestic departures terminals to meet 
passenger numbers to 2015, and which 
are expandable to meet passenger fig-
ures projected to 2025.
A new elevated roadway to service de- N

parting passengers on the second floor.
A new elevated corridor link to connect  N

the central terminal buildings to the 
existing international building.
A new domestic departures lounge and  N

arrivals corridor.
Eight new airbridges to convey   N

passengers from the new buildings 
to the aircraft.
Enlarging and upgrading the existing  N

arrivals building and a new corridor 
link to the central terminal buildings.
Space for a new fully automated bag- N

gage handling system.
A new bus boarding facility to  N

transport passengers to aircraft on 
remote stands.

DESIGN APPROACH
The various components which make 
up the above facilities at the Cape Town 
International Airport have utilised dif-
ferent structural forms to achieve tech-
nical, aesthetic, cost and constructability 
requirements. They can be summarised 
as follows:

The central terminal building
The suspended floor slabs were con- N

structed using 625 mm deep post-
tensioned troughed and coffered slabs. 
These were required to span the 18 m x 
10 m column grid.
A structural steel feature roof sup- N

ported on inclined struts to create a 
strong image and identity reminiscent 
of ‘flying’.

Elevated roadway
An in-situ concrete voided deck was  N

utilised for economic and aesthetic 
considerations.

KEY PLAYERS
Client Airports Company of South Africa 
Professional Team Blueprint Worx, KFD Wilkinson,  
AKI (subconsultants for domestic departure lounge),  
KV3, Triocon, Basil Nair & Associates, Keith Fletcher & Associates
Main Contractor GLS JV 
Major Subcontractors and Suppliers Form-Scaff

CAPE TOWN INTERNATIONAL AIRPORT –  
NEW TERMINAL BUILDINGS AND ELEVATED ROADWAY

Technical Excellence category
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Cape Town International Airport 
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The deck was supported on Y-shaped  N

columns within the main central plaza 
to maintain the structural theme of the 
central terminal building.

Elevated corridor link to  
international departures lounge

In-situ concrete with a structural  N

steel cantilever roof which ‘hangs’  
the corridor over the existing ter-
minal building.

Domestic departures lounge 
and arrivals corridor

Concrete substructure. N

Structural steel and bonddek construc- N

tion was utilised due to programme and 
geometric constraints.

Interface building between the central 
terminal building and the domestic 
departures lounge

Due to programme constraints a com- N

bination of in-situ concrete, structural 
steel and bonddek was utilised. A pre-
cast concrete option was investigated, 
but due to all the major precast contrac-
tors being involved with the stadium, it 
would not have been possible to meet 
the tight construction programme.

Airbridges
These were constructed of prefabricated  N

structural steel girders which could be 
lowered into place at night so that the 
normal operation of the airside road 
and the apron would not be interrupted.

1  General view of the central terminal 

building during construction showing the 

525 mm deep troughs for the 625 mm post-

tensioned slabs spanning 18 m, and the erection 

of the roof structure on temporary vertical 

towers. Also evident behind the support towers 

is the portion of structure which could not 

be constructed due to the phased handover 

of the baggage handling installation
2  General view of the check-in hall 

from the upper food court floor
3  Installation of the main support columns 

and raking struts (457 mm diameter) below 

the temporarily supported roof structure. 

The main support columns have the dual 

function of structural support and as the 

main air supply shafts to the check-in hall
4  General view of the completed check-in 

hall. The photograph shows the raking 

supports to the main roof structure, the 

main support columns with the air shaft 

and nozzles and the tubular ceiling

2

3

4



42  Civil Engineering | December 2010 

Upgrade of the existing Domestic Arrivals
Structural steel was utilised for eco- N

nomic considerations.

The design complexities encountered 
included the following:
Stair and lift shafts commencing on second floor 
The central escape stairs and elevator 
shafts could not extend below the second 
floor as this would impact on the space 
required for the baggage handling and 
domestic bus lounges. The solution was to 
provide a series of deep transfer beams at 
the second floor level. 

Changes in levels and ramps
The floor levels of the various buildings 
are dictated by the passenger boarding 
bridges. These vary depending upon the 
aircraft type being boarded.  This resulted 
in the extensive requirements for ramps 
which created both design and construc-
tion challenges.

Designing for out of sequence construction
The site for the new central terminal 
building contained three facilities which 
were in use and could not be demolished 
until new facilities had been provided. 
These included the international baggage 
handling room, main electrical switching 
room and the protocol lounge.

An expanded brief during construction
The Client increased the width of the 
main terminal during construction to 
meet a requirement for additional retail 

5

6

7

5  General view of the construction of the 

structural steel domestic departures lounge 

and arrival corridor over the existing airside 

road with the central terminal building in the 

background. The building is supported on the 

concrete columns in the foreground which allow 

free access for the vehicles below the building
6  The arrivals corridor for the domestic arrivals is 

contained within the main girders which span over 

the airside road. This was achieved by locating 

the corridor within the zone of minimum forces 

which were accommodated by ‘vierendeel’ action
7  General view showing the proximity of the site 

to the operational airside area. The photograph 

shows the construction of the boarding bridges 

in the foreground, glazed façade, link structure 

to the existing international departures and the 

entrance to temporary baggage handling facility
8  General view of the central arrival plaza 

showing the clad feature girder supporting the 

roof over the elevated roadway and the Y-shaped 

columns supporting the elevated roadway
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space. The width of the elevated roadway 
was also increased to include an addi-
tional lane for future expansion.

Domestic departures lounge
Designing the new departures lounge 
in an ‘airside’ location over the existing 
airside road meant that the building was 
subject to geometric constraints. The 
underside of the structure was subject 
to a minimum clearance for airside 
vehicles while the f loor levels were 
dictated by the departing passenger 
boarding bridge levels.

The main roof 
The roof over the central terminal 
building and elevated roadway had the 
following complexities:

a roof curved in both plan and section N

the complex distribution of forces and  N

deflections caused by the inclined struts
the erection sequence N

rainwater disposal N

Joint operations control room (JOC)
The construction of the JOC required 
the installation of a structural steel floor 
at the uppermost level (for programme 
considerations). 

RELEVANT GENERAL FEATURES
The relevant general features can be sum-
marised as follows:

The ceiling to the central check-in  N

building posed a programming and cost 
problem which was overcome by the 
use of 65 mm diameter, epoxy-powder-
coated aluminium tubes in a grillage to 
form a ceiling.  This option solved the 
following problems:

requirement to commence erection of  �
the ceiling whilst the building was not 
enclosed
acoustic requirements �
fire requirements �
aesthetic requirements �

Syphonic rain water disposal system to  N

the main roof.
Tapered ends to the supporting struts.  N

After investigating all the options for 
creating a tapered end to the struts, the 
tapers were formed by pressing two ta-
pered halves and welding them together.
Steel columns supporting the raking  N

struts. These cylindrical steel columns 
double as the support for the raking 
struts and as the air supply duct to the 
nozzles which feed conditioned air 
across the check-in area.

The external feature girder was designed  N

as two independent structures, connected 
on the centreline by a pin to prevent any 
differential movement. The 30 m canti-
lever was pre-deflected by 150 mm.

CONSTRUCTION TECHNIQUES
Construction activities were in a fully 
operational environment and adjacent to 
existing structures. The following con-
struction techniques were utilised:

Piling: Franki driven piles were gener- N

ally used except where piling was in 
extremely close proximity to existing 
functioning buildings where con-
tinuous flight auger piles were utilised 
to minimise the noise and vibration 
effects on passenger comfort and equip-
ment sensitive to vibration.

Various methods were used for both  N

temporary and permanent underpin-
ning to existing structures. These 
included caissons, driven H-piles and 
mass concrete.
The methods of erecting the roof re- N

quired the main girders to be supported 
on temporary towers until the inclined 
struts had been fixed into place. 
Utilisation of the permanent structure to  N

support very high construction loads in-
cluding mobile cranes. The two western 
cranes were built through pockets in the 
suspended slabs. On completion of the 
roof trusses they were removed. This 
required the use of a 90 ton crane that 
was driven onto the elevated roadway 
and the central terminal building’s sus-
pended slab. Special temporary transfer 

8
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pads were cast on each level to distribute 
the load to the support props which ex-
tended to temporary foundations. 
The existing potable water, sewer and  N

storm water systems were required to 
be kept operational during all construc-
tion phases.
The need to maintain vehicular and  N

pedestrian traffic required that many 
ducts, water and sewer pipes were in-
stalled by trenchless methods. 

OTHER CONSIDERATIONS
Implementation of the project was com-
plicated by the following factors:

The requirement to keep the airport  N

and all its services fully functional 
during the entire construction process.
Very limited information on as-built  N

services and existing structures.
Lengthy airport operational hours  N

which severely limited the time avail-
able to complete any construction 
work required to be done during non-
operational time.
Not having full access to the site at  N

the start of construction. This lead 

to a complex construction sequence 
which had to change frequently to 
accommodate changes in the avail-
ability of the site.  
An expanded brief during the construc- N

tion phase.
Extensive ‘airside’ work which comes  N

with its own set of rules and regula-
tions.
Interfaces with other construction con- N

tracts at the airport.
A scarcity of resources due to a general  N

construction boom during the contract 
period.

These issues were managed by the team 
on an ongoing basis and resulted in 
many innovative and interesting solu-
tions. These included the erection of 
temporary tents and links on the airside 
apron for use as a temporary departure 
lounge thereby enabling the earlier 
construction of the new domestic de-
partures lounge, the use of structural 
steel where time advantages could be 
gained, fire engineering to limit the 
extent of fire proofing required and the 
use of caissons as lateral support for the 

construction of pile caps to prevent the 
undermining of existing structures.

The main environmental aspects of 
the project were to maintain a clean ‘air-
side’ environment for the safe operation 
of the airport and a functional ‘landside’ 
environment for the passengers during all 
the construction phases.

SUMMARY
The central terminal buildings are 
highly utilised public spaces which 
often create the first or last impres-
sions of Cape Town for air travellers. 
We believe that sound, innovative and 
appropriate engineering principles have 
provided a facility which not only en-
hances the passengers’ experience but 
also provides the Client with a building 
which is functional and economically 
sustainable into the future.

The new terminal buildings and 
baggage handling system have been op-
erational since November 2009 with no 
significant problems. In fact, the buildings 
have received only high praise from the 
general public. 
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KEY PLAYERS
Client City of Cape Town
Professional Team Main Consultant: BKS OWS Joint Venture
Specialist Consultants: CCA Environment, OVP Landscape Architects, 
Melis & Du Plessis (geotechnical), Alten Hume (temporary works)
Main contractor Haw & Inglis (Pty) Ltd
Major Subcontractors and Suppliers Adenco Construction (Pty) Ltd, 
Amsteel Systems (Cape), Cape Otto Signs cc,  
Centremark Roadmarking (Pty) Ltd, DLE Engineering,  
Form-Scaff, Franki Afrika (Pty) Ltd, Keystone,  
Lourens Roadmarking cc, Racec (Pty) Ltd, Reinforced Earth,  
Urban Landscape Solutions, Vibrant Construction,  
Zebra Bituminous Surfacing cc

HOSPITAL BEND PRE-SELECTION SCHEME

Technical Excellence category

1

Hospital Bend  
pre-selection scheme

The upgrading of the Hospital Bend interchange, 
the final phase of the planned upgrading of the 

N2 freeway between the Cape Town International 
Airport and Hospital Bend, is based on the concept of 

pre-selection lanes. The pre-selection lanes provide 
motorists with the opportunity to select their route 

through Hospital Bend a safe distance beforehand, thus 
reducing the need for extensive weaving manoeuvres

BACKGROUND
The initial planning for the upgrading of the Hospital Bend inter-
change, a priority 2010 Transport Infrastructure Project, com-
menced in October 2001 with the focus on the inbound direction. 
The planning for the outbound direction was added after South 
Africa won the rights to host the 2010 FIFA World Cup event.

The main objective of this upgrading phase was to minimise 
traffic weaving on Hospital Bend, thereby improving traffic 
safety, and also to reduce congestion on the section of the 
N2 freeway between the end of the dedicated public transport 
lane on the N2 and Hospital Bend. 

The main components of the upgrading were as follows: 
Inbound pre-selection lane from Rhodes Drive which also re- N

quired the widening of the Joyce Newton Thompson bridge
Outbound pre-selection lane from Upper De Waal Drive which  N

included new road sections and a new overpass bridge
New access for Anzio Road which included a new overpass bridge N

PLANNING AND DESIGN OVERVIEW 
Integrated environmental planning
The Environmental Impact Assessment (EIA) process for this 
project commenced in 2001 and ran hand in hand with the 
conceptual design phase. From the beginning the primary issue 
of concern, identified during the extensive consultation process, 
was the treatment of the Anzio Road on-ramp towards the City, 
and its potential impact on the adjacent Table Mountain National 
Park and Rhodes Trust Land. Accessibility to Groote Schuur 
Hospital and the surrounding residential /commercial areas was 
also a major concern. The opposition of the adjacent community 
to the closure of this ramp culminated in the City of Cape Town 
EXCO taking a decision to retain the ramp and to bear the ad-
ditional cost this decision would have on the project (direct cost 
in the order of R18 million).

1  Aerial view of the Hospital Bend project nearing completion  
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The requirements of the Environmental Management Plan 
(EMP), the main outcome of the EIA process, ensured that 
communication with the public was maintained through the 
electronic and printed media. The success of the EMP is evident 
in the positive response from both the private and public sector 
during all stages of the project. 

Traffic engineering
As part of the conceptual planning and EIA process a total of 
17 different options were evaluated with two options selected for 
the inbound direction and two for the outbound direction. The 
key design aspects which were assessed in evaluating the selected 
proposals were their ability to address the following:

The over-saturated operating conditions during the peak pe- N

riods; the short weaving distance (800 m) between the bottom 
and top of Hospital Bend

The number of lane changes N

The speed differential between the vehicles entering at the  N

bottom of Hospital Bend (70 – 90 km/h) and those entering at 
the Anzio Road on-ramp (0 km/h).

These constraints meant that traffic operation fell outside 
the parameters of traditional traffic analysis software such 
as the Highway Capacity Manual. The initial analysis was 
based on first principles, and at a later stage micro-simulation 
software was used to assist in the resolution of problem areas 
and to provide guidance on expected traffic operation. Data 
collection included origin-destination, travel time and volume 
surveys, together with roadside interviews.

The key elements that were introduced to achieve the project 
objectives – reduction in weaving (improved safety) and the op-
eration of the dedicated public transport lane – were:

Inbound pre-selection lane from Rhodes Drive linking into the  N

Anzio Road lane pick-up (requiring Anzio Road on-ramp to 
be relocated) – reducing weaving from 3 350 to 600 vehicles, 
morning peak hour
Outbound pre-selection lane from Upper De Waal Drive – re- N

ducing weaving from 3 500 to 800 vehicles, afternoon peak hour

2

3

4

2  Construction in progress during the upgrading 

of the Hospital Bend interchange 
3  Anzio Road overpass under construction  

4  Completed Anzio Road overpass
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Third lane continuing inbound from Settlers Way into  N

Hospital Bend
Relocation of the Anzio Road on-ramp from the right to the left. N

Cost considerations
As in any project, cost is an important consideration and during 
all the planning processes the design team’s objective was to pro-
vide an upgraded facility, at acceptable design standards, while 
maximising the opportunity inherent in the existing infrastruc-
ture and road reserve to limit expenditure. 

This focused approach resulted in the main feature of this 
project, namely the innovative pre-selection lane concept.

Geometric design  
The need to confine the improvements within the existing 
road reserve (as identified in the EIA process) presented many 
unique challenges. The additional lanes, bridges, and improved 
geometric standards, where feasible, needed to be integrated 
horizontally and vertically with existing facilities. The completed 
design in this limited three-dimensional space was a remarkable 
civil engineering achievement. 

The design also included other innovative elements to en-
hance traffic safety, such as a concrete-lined side drain that also 
serves as an emergency shoulder on the inbound carriageway.

Bridges
Anzio Road overpass  
The Anzio Road access into the city included the construction of 
a sharply curved bridge overpass structure with a very complex 
geometric alignment due to the tight spatial constraints. The 
bridge deck curvature had to accommodate a horizontal transi-
tion curve leading into a circular curve (radius 23,2 m) with vari-
able superelevation (3% to 8%).  

Various bridge types and construction methods were consid-
ered, with a continuous four span cast in-situ voided slab deck 
selected as the best solution. Due to the unique deck layout and 
the three stage construction sequence, special attention had to 
be given to high torsion forces, bearing uplift at the abutments, 
creep and shrinkage effects and relatively high post-tensioning 
system losses. The state-of-the-art Austrian software package 
that was used for the analysis had to be specially adapted by the 
supplier to correctly model the behaviour of the bridge deck. The 



48  Civil Engineering | December 2010 

deck was post-tensioned in the transverse direction at each pier, 
with Dywidag bars to withstand transverse bending at the sup-
ports. The construction method for the third span required tem-
porary overhead support girders, in order to allow uninterrupted 
traffic flow with safe minimum vertical clearances.

De Waal Drive overpass   
The new De Waal Drive link required a continuous three-span 
overpass bridge with a main span length of 45 m. 

Site conditions, strict accommodation of traffic requirements 
and complex horizontal- and vertical geometric alignment of the 
bridge deck mostly dictated the bridge type and construction 
method for this bridge. The 2,2 m deep, post-tensioned hollow box 
girder deck was cast in-situ in three stages, with the second span 
being supported from an impressive overhead girder support system 
over Eastern Boulevard. The deck curvature had a radius of 153,6 m, 
variable superelevation (6,5% to 10%) and a maximum grade of 10%.

The bridge design, which had to make provision for high 
wind speeds, required specially designed vertical tie anchors at 
each abutment to counter expected uplift forces. The deck also 
had short profiled post-tensioning cables to counter transverse 
flexure at each pier.

Joyce Newton Thomson Bridge widening
The widening of the existing Joyce Newton Thomson Bridge also 
proved to be a challenge due to the geometric alignment and 
heavy traffic flow over and under the structure. The centre span 
of the deck was supported from temporary overhead girders to 
allow unhindered traffic flow during construction.

Project Management
To achieve the 2010 completion milestone and manage budget 
constraints, time and resource management by both the con-
sultant and the contractor were critical to ensure that all ele-
ments were designed, approved and completed timeously. The 
Client played a significant role in this respect. The project man-
agement aspect has to be highlighted here as one of the primary 
reasons for the very positive end result and public perception 
during all stages of the project. 

CONSTRUCTION ASPECTS
The communication procedures implemented with traffic au-
thorities, radio stations and the press ensured that response time 
to incidents was kept to the minimum and that the public could 
be kept informed of construction events that would delay them.

The main feature of the bridge construction was the use of 
suspended formwork systems utilising purpose-made structural 
steel lattice overhead girders with heavy-duty steel support struc-
tures. The formwork design required extensive integration of the 
various design and construction elements, most notably the de-
flection of the permanent and temporary works at various stages 
of the construction process, and the effects of wind speed. 

The phasing of the project was designed and implemented 
such that the general traffic disruption was kept to the absolute 
minimum. There were many times that this necessitated the con-
tractor to work at night, a specific requirement of the contract. 
The construction programme, with three critical path elements, 
was monitored by dedicated full-time staff on a continual basis to 
ensure that the contractual milestones were achieved.

ACCOMMODATION OF TRAFFIC    
Construction and public traffic management plans were fully in-
tegrated with dedicated 24-hour patrol and recovery vehicles. An 
uncompromising approach to minimising the negative impact 
on the travelling public resulted in the establishment of stringent 
traffic accommodation measures such as:

No lane closures or deliveries during peak periods N

No lane closures but deliveries allowed during day-time  N

Limited lane closures during night-time hours N

Road closures only permitted for critical elements (e.g. road  N

sign gantries) and limited to 15 minutes.
The degree of adherence to these measures reveals an excellent 
understanding of the complexities of traffic accommodation on 
one of the busiest road sections in Cape Town by both the design 
team and the contractor. The general impression was that traffic 
operation actually improved compared to that experienced be-
fore construction commenced. 

CONCLUSION
Construction was completed within the specified contract pe-
riod and within budget (project duration: February 2008 – May 
2010, and contract value: R260 million), and was very positively 
received by the public. 

5

6

5  De Waal Drive overpass under construction
6  De Waal Drive overpass nearing completion
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Cape Town Stadium 
structural challenges

The new Cape Town Stadium, which hosted a number of FIFA 2010 World 
Cup matches, including a semi-final, provided the City of Cape Town with 
a unique opportunity to produce a top-class facility, located in one of the 

most recognisable vistas in the world. The Green Point Structural Engineers 
JV faced numerous challenges, both technical and non-technical, during 
their 40-month involvement in the project. They delivered an iconic, but 

functional structure, incorporating new materials and the latest principles 
in stadium design, using the existing strengths of the local industry

INTRODUCTION AND BACKGROUND
After South Africa was awarded the 
2010 Soccer World Cup, the City of Cape 
Town agreed to construct a new stadium 
in order to host a semi-final. Naturally, the 
cost and future viability were key concerns. 

At a delicate point in the public dis-
course about the project, the City ordered 
two of the consortia which had shown in-
terest in the design work, to merge virtually 
overnight and thus appointed the ‘Green 
Point Stadium Structural Engineers JV’ to 
perform the structural design and construc-
tion supervision of the new stadium.  

The following milestones occurred 
during the 33-month construction phase:
13 December 2006  Construction tenders 

closed
5 January 2007  Provincial ‘Record of 

Decision’ issued,  
affecting location  
and various design  
parameters

26 March 2007  Contract awarded to 
the Murray & Roberts / 
WBHO Joint Venture

25 April 2007  First reinforced con-
crete foundation cast

25 September 2008  First roof compression 
ring element erected

18 September 2008  Last of 72 RC raking 
pylons completed

21 October 2008  Last of 2 600 pre-cast 
seating elements placed

26 February 2009  Tension ring lifted
2 September 2009   Roof construction 

completed
21 December 2009  Practical completion 

achieved
23 January 2010  First match played

During their 40-month involvement in 
the project, the structural engineers faced 
many diverse challenges, which they over-
came by being adaptable and innovative  
and placing a high premium on coordina-
tion. The resulting mega-structure was 
successfully completed on time.

ENVIRONMENTAL CONSIDERATIONS
The early development of the stadium‘s form 
and layout focused on the site of the existing 
Green Point Stadium which had hosted 
various sporting and cultural events. 

Among the bodies that had respon-
sibility for, or a stake in, the project 
during this planning phase were not only 
National and Provincial Government and 
the FIFA Local Organising Committee, 
but also local residents, ratepayers, and 
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other concerned groups. The Client 
therefore commissioned a comprehensive 
Environmental Impact Assessment to in-
form decisions relating to the location, size, 
form and construction of the new stadium.

In October 2006, the EIA pointed to-
wards a new site – the southern end of the 
existing golf club. Only limited geotech-
nical data was available at that stage.  

The Record of Decision (RoD) was re-
leased some weeks after the construction 
tenders had closed. It was wide-ranging 
in its findings and conditions imposed on 
the new facility. 

LOGISTICAL CHALLENGES
The Structural Design JV consisted of six 
local firms and one German sub-consultant. 
Having the core design office in Bellville, 

with satellite offices in Cape Town, 
Johannesburg, Durban and Stuttgart meant 
that design coordination, standardisation 
of details and drawing output control were 
challenging for the duration of the project.

Architectural responsibilities were 
also split between two main parties, 
resulting in a complex decision-making 
process. The Services Engineers JV also 
included several firms. The coordina-
tion of services within the stadium 
was only achieved well into the con-
struction phase, many months after 
structural elements had been finalised, 
detailed and issued.

TECHNICAL CHALLENGES AND SOLUTIONS
Changes having significant struc-
tural impact were imposed late in 

the design process by the RoD find-
ings and again when the tender 
results were received. There was 
no chance to change the stringent 
time constraints or delivery date.

The move to a new site affected foun-
dations, height restrictions resulted in the 
lowering of the central bowl, and noise 
restrictions had significant influence on 
the roof design.

1  The completed Cape Town Stadium 

at night (Photo: Terry February)
2  Inclined pylon construction 

(Photo: Terry February)
3  Pre-cast seating beam installation 

(Photo: Gerrit Bastiaanse)
4  Pre-cast seating beams and their supporting 

raking beams (Photo: Gerrit Bastiaanse)

2

3 4
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The higher-than-expected tender 
prices prompted a cost-cutting exercise, 
resulting in the reduction of the width of 
the bowl around the pitch, making the 
72 radial frames less stiff. The inclined 
pylon columns supporting the roof were 
revised in cross-section from 6 m x 1 m 
to 3 m x 0,8 m, severely reducing bending 
capacity and stiffness.

As a direct consequence of these two 
changes, extensive RC elements were 
added to cater for in-plane forces in the 
radial planes, especially under seismic 
loading. More critical from a program-
ming point of view, the pylons could no 
longer be constructed freely ahead of the 
rest of the structure (see photo 2).

While the architects tackled the 
re-design, the contractor was ordered 
to move onto site and commence earth-
works. At that stage, not even the founda-
tion design was complete.

5 8

6

7
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Further challenges, resolved under 
extreme time pressures, provided oppor-
tunities for innovation and creativity as 
described below:

Excavations revealed that the founda- N

tion conditions varied widely. The 
levels of the desired load-bearing strata 
sometimes differed by more than 3 m 
between adjacent bases. To speed up 
construction, extensive use was made 
of mass concrete fill to obtain some 
uniformity in base depths and sizes. 
Rebar cages could thus be standardised.
To advance the vertical elements as  N

quickly as possible, extensive use was 
made of rebar couplers, which increased 
detailing effort. They had to be provided 
for and cast in, often before the adjoining 
elements had even been designed.
The critical path hinged on the com- N

pletion of the pylons to enable the 
roof construction. The pylons had 

to be constructed ahead of the rest 
of the main structure. We thus had 
to analyse each ‘stage’ of each of the 
72 radial frames, with the consequent 
introduction of new radial down-
stand beams on certain levels. 
Shrinkage, creep and self-weight deflec- N

tions of the 50 m high raking pylons 
had to be taken into consideration so 
that the cast-in adaptor plates for the 
roof bearings would be in the right po-
sition, and that with the roof complete 
and under ‘still’ conditions, the pylons 
would be in their ‘neutral’ positions.
The SANS Standard 10160 Part 4,  N

was followed in full regarding seismic 
loading considerations in both design 
and reinforcement detailing. 
The seating tiers consist of pre-cast  N

beams spanning up to 12 m between the 
raking beams of the 72 radial frames. 
The efficient design and coordination of 

these elements contributed significantly 
to the success of the project.  
Finite element analysis was used to  N

check the natural frequencies of the PC 
seating beams, which as a result were 
cast in 3-stepped Z-shaped sections, 
increasing their stiffness (see photo 3).
Being supported on in-situ concrete  N

raking beams, construction tolerance was 
built into the plan arrangement by incor-
porating a 200 mm strip of in-situ con-
crete between the PC seating panels. This 
provided moment continuity under live 
loads and assisted in stiffening the struc-
ture, improving both seismic resistance 
and frequency response (see photo 4).

5  Tier front edge (Photo: Schalk Marais)
6  Steel balustrade beam (Photo: Schalk Marais)
7  Perimeter escape stairs (Photo: Terry February)
8   Steel and glass roof construction 

(Photo: Terry February)
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Considerable attention was given to  N

the highly visible front tier edges. 
Unlike the segmented seat panels, they 
follow various radii to create the con-
tinuous curved front edge. These front 
edges are not supported directly on the 
raking beams, but cantilever beyond, 
providing an elegant edge to the con-
crete tiers (see photo 5).
The intersection of the pylons’ envelope  N

with the stepped horizontal lines of 
the top-most seating units creates the  
pleasing ‘wave’ shape of the top perim-
eter of the grandstands. Forming this 
edge posed a complex challenge, be-
cause of all the inclinations and angles 
involved. Eventually a way was found 
to use segmented, straight steel beams 
between the pylons (see photo 6). 
The large external escape staircases  N

are cantilevered from the main floor 
structures, completely free of the py-
lons. These consist of pre-cast flights, 
stitched together with in-situ landings 
(see photo 7).
The 37 000 m N 2 hanging steel and glass 
roof is the largest of its kind in the world. 

Wind-tunnel testing revealed unbal-
anced loadings in certain circumstances. 
Circumferential stiffening girder trusses 
were thus introduced (see photo 8).

SITE AND COORDINATION ISSUES
A fast-paced mega-project normally poses 
many site and coordination challenges to 
the design team. This was no exception:  

The Contractor divided the ‘bowl’ into  N

four quadrants, allowing four teams 
to work concurrently. This meant that 
there were four ‘learning curves’. 
The construction of the 13 000 m N 2 
double-storey podium structure around 
the bowl had to be carefully managed to 
ensure continued access for construc-
tion traffic and the mobile cranes used 
for the installation of the roof and the 
PC elements.
Coordination of production, delivery  N

and installation of the pre-cast 
seating units was critical, since they 
were stitched together horizontally on 
site and also inter-linked vertically. 
The installation of the roof, a column- N

free steel structure, onto precision 

bearings already cast into concrete 
pylons some 50 m in the air, required 
great accuracy. Extensive measuring 
and checking procedures were put 
into place. 

AESTHETIC CONSIDERATIONS
The structural engineers had little say 
in the overall form of the stadium, but 
did make positive contributions to its 
appearance. These include:

The curved, rather than facetted, PC  N

concrete tier edge beams which echo 
the lines of the moat and the roof 
opening.
The roof ’s lower fabric membrane  N

which hides all the main structural 
members.
The glass roof sheeting which not only  N

provides weight against uplift forces, 
but also contributes significantly to the 
noise suppression required by the RoD. 

CONCLUCION
Through perseverance and teamwork, the 
stadium was completed on time and has 
met with universal acclaim. 



INTRODUCTION
The Nelson Mandela Multi-Purpose 
Stadium is located about 50 m from Port 
Elizabeth’s North End Lake, and within 
1 km from the sea, on a site that presented 
a number of challenging features, such 
as expansive soil, a high water table, and 
a pitch level 1 m below the overflow weir 
level of the lake. Various other challenges 
encountered during the execution of this 
project included late financial budget 
approval, a short project implementation 
period, an over-heated tender climate, a 
large number of consultants, and poor 
weather conditions. 

Despite these challenges, and thanks 
to quality engineering and management, 
the 46 000 capacity, spectator-friendly 
stadium was completed on time and 
within budget, boasting a roof that is con-
sidered an engineering masterpiece, and 
excellent sight lines and limited distances 
from the pitch for all spectators.

PROJECT BACKGROUND
The initial design for estimating purposes 
was based on a 27 000 permanent seat 
facility and 18 000 temporary seats (FIFA 
required a capacity of 45 000 seats), and a 
single roof only for the western main stand. 
The Client, however, decided that it was 
imperative to design a facility which would 
be seen as an ‘icon’ –  a unique design for 
the Nelson Mandela Bay (NMB) Metro. 
This resulted in a stadium designed with a 
full roof structure covering all the stands.

MANY CONSULTING FIRMS
The Client believed that it was important 
to broaden the knowledge base of the 
consultants within the NMB Metro by 
appointing 52 consulting firms of various 

disciplines to take the concept design into 
the detailed design stage, as well as the 
construction monitoring stage. A Project 
Management Plan was developed whereby 
each discipline had to be presented by a 
discipline leader reporting to the Principal 
Agent (BKS BTKM/PMSA Joint Venture). 
Design offices were made available on site 
to facilitate a closer working relationship 
between the various disciplines. This proved 
to be a challenge, as not all the disciplines 
were represented by the key designers in the 

design office. Notwithstanding the above, 
the exercise was considered successful in 
the transfer of specialist design skills related 
to a major sporting facility / industrial fast-
track project.

LIMITED TIME
The exceptionally short time period, from 
the date when the project budget was ap-
proved (October 2006) to the anticipated 
inclusion as a Confederations Cup venue in 
June 2009, theoretically allowed a period of 

KEY PLAYERS
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Nelson Mandela  
Multi-Purpose Stadium

1  The Nelson Mandela Multi-Purpose Stadium 

is located about 50 m from Port Elizabeth’s 

North End Lake, and within 1 km from the sea
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30 months, excluding the three Christmas 
periods. Within this time the consultants 
had to be formally appointed and briefed 
on the scope of work, detailed designs 
had to be carried out and procurement 
completed. The project was therefore split 
into preparatory work which consisted of 
the relocation of existing services, provi-
sion of bulk services, bulk earthworks 
and piling. The main contract included 
all works related to the stadium construc-
tion as a single project. The main contract 
commenced in March 2007 with practical 
completion close to the first week of 
June 2009 to allow the hosting of the first 
official match, albeit not a Confederations 
Cup match (explained later on in this 
article) on 16 June 2009 between the 
Southern Spears and British Lions teams. 

SITE CONDITIONS
As mentioned above, the high water table, 
plus the close proximity of the North End 
Lake, posed specific challenges. 

A specially designed crane pathway 
had to be constructed all around the sta-
dium at very specific gradients and engi-
neered levels. This entailed the excavation 
of expansive material and the importation 
of quality material to provide a stable base 
for the crane to lift the 55 t girder struc-
tures into position.

Due to the poor soil conditions the 
entire structure had to be founded on a 
set of 2 300 piles with pile lengths varying 
from 7,5 m to 12,5 m.

ASPECTS OF CONSTRUCTION 
The concrete structure supporting the 
roof had high accuracy tolerances al-
lowing minimal deviation, and the roof 

and its covering was a complex structure, 
difficult to erect in Port Elizabeth’s noto-
riously strong winds. 

The main critical path ran through 
the west stand, which had two additional 
levels housing the changing and hosting 
facilities. Whilst this area was started 
first, the volume and complexity of work 
was such that it was finished last. 

The roof erection process started on 
the north stand, progressing clockwise 
until the west stand concrete works had 
been sufficiently completed to allow the 
erection of the roof there. Once the roof, 
including its coverings, had been erected 
on the west stand, the finishings in that 
area became the critical element, together 
with the external works which could not 
be started until the roof erection crane 
had been relocated to another area. The 
initial programming sequence required 
the roof to be erected in a clockwise di-
rection only, but it became necessary to 
change this sequencing to 30% clockwise 
and 70% anti-clockwise, resulting in a 
time-saving of several months.

The concrete structure was con-
structed in eight segments by different 
construction teams, all segments top-
ping out at a highly reinforced ring slab/
beam containing the precisely positioned 
securing bolts for the structural steel 
roof. The positioning of these bolts and 
the casting in of these into the columns 
was critical, as the roof trusses were of 
a predetermined size that could not be 
altered. In addition, it was imperative 
that not only were they dimensionally 
accurately positioned, but they needed to 
have the necessary cast in-situ bond to 
the concrete structure to ensure that the 

loads carried by the roof, both as dead 
and live loads during high winds, were 
effectively transferred into the structure 
and into the foundations. 

The roof structure and coverings 
were designed by specialist roof design 
engineers based in Germany who ensured 
that the weight of the roof structure was 
minimised by designing a space frame 
tubular truss which kept the mass of each 
of the 36 trusses at 55 tonnes each.  

Monitoring the production of the 
structural steel roof and its delivery and 
erection, proved to be a considerable 
challenge due to the distant location of 
the manufacturing facility. Each truss 
type had to be pre-assembled in Kuwait 
to check the geometric correctness of the 
curves and any deflection at the front tip 
of the truss. Once the pre-assembly had 
been verified, the trusses had to be de-
assembled prior to shipping. The manu-
facturing process took eight months, 
three months longer than had been pro-
grammed. Much of the delay was caused 
by the non-availability of certain sections 
of steel, together with the complexity of 
the roof geometry impacting on the pro-
duction of the roof purlins. This, together 
with delays experienced in shipping the 
trusses, resulted in substantial delays. 

The roof trusses were shipped in three 
major consignments from Kuwait to Port 
Elizabeth, then transported to site for as-
sembly. Massive steel frame jigs were set 
up on site for the assembly of each of the 
46 m long trusses. The first truss com-
ponents arrived on 27 August 2008, and 
were assembled over a two-month period 
before being erected. The last truss was 
erected on 12 March 2009. 

2 3



The girder ring connecting the 
cantilevered end of all 36 trusses was 
sequentially erected with the trusses 
some 40 m above the playing surface. A 
restrictive requirement of the structural 
engineers was that at least five completed 
trusses had to be erected before any roof 
sheeting or cladding could be installed, 
and that this requirement be maintained 
until the whole of the girder ring had 
been completed.  

Despite these challenges it is worth re-
cording that the sequencing and program-
ming of the work was sufficiently precise 
to require only minimal adjustment to the 
last truss to complete the installation.

The fabric roof cladding spanning 
between the trusses was erected by spe-
cialised erectors. The roof sheeting also 
required specialist installation teams 
who had received training in erection and 
abseiling techniques. These teams had 
been recruited from locally-based labour 
and, through this project, they acquired 
specialist abseiling and other skills which 
they could use elsewhere in the industry. 

4

5

6

2  and 3  and 4  The roof girders were 

installed entirely from the outside of the 

stadium. The window of operation for the 500 t 

caterpillar crane was limited by the notorious 

Port Elizabeth winds, resulting in the erection of 

the girders occurring mostly in the morning
5  The initial programming sequence required 

the roof to be erected in a clockwise direction only, 

but it became necessary to change this sequencing 

to 30% clockwise and 70% anti-clockwise, 

resulting in a time-saving of several months
6  The roof acquires its remarkable form from 

the alternating arrangement of the girders and 

the membrane surfaces spanned in-between
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Due to the many complexities, prac-
tical completion was achieved some six 
months later than had originally been 
planned. The stadium lost its right to 
host the Confederation Cup in 2009, not 
because the stadium was incomplete, but 
rather because of the risk of being late and 
the need to consolidate all the matches to 
be within a reasonable commuting dis-
tance. However, the British Lions tour of 
South Africa in June/July 2009 included a 
match played against the Southern Kings 
at the NMB Stadium. 

BULK EARTHWORKS 
In May 2006 the joint venture between 
consulting engineering firms Goba, 
Izizwe and Iliso was appointed to com-
plete the design and implementation of 
Work Package 5. Work Package 5 entailed 
the planning of (a) the bulk earthworks, 

(b) the demolishing or relocation of ex-
isting structures, and (c) the diversion and 
relocation of the existing box storm water 
culvert that drained the North End Lake. 

The earthworks related to the ex-
cavation of the stadium bowl and the 
construction of the stand platforms. A 
total of 122 203 m³ of cut material was 
taken away to spoil, with 103 210 m³ of 
imported fill material placed and com-
pacted to form the north, east and south 
stands. Of note is the fact that the spoil 
site was located at the quarry where 
the quartzitic fill material was sourced, 
resulting in trucks travelling fully laden 
in both directions.

NORTH END LAKE
The influence of the North End Lake 
on the construction was significant. 
The pitch level of the stadium would 

be constructed below the level of the 
lake, and therefore certain mitigation 
measures, such as determining f lood 
paths and overland storm water routing, 
had to be taken to ensure that the ex-
cavations were not f looded during an 
extreme storm event. 

The lake had to be lowered by ap-
proximately 1,2 m to enable critical 
storm water components to be removed 
and new storm water infrastructure to 
be constructed. All stakeholders and 
organisations that use the lake for re- 
creational purposes had to be consulted 
before the water level could be lowered. 
The process of lowering the lake and 
returning it to its normal operating level 
was done in a shorter period of time 
than had been anticipated.

A full drainage analysis of 
the stadium was undertaken by a 

7
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specialist geotechnical engineer on behalf 
of BKS (the Principal Agent). PD Naidoo 
& Associates were then called upon to 
design a subsurface drainage system 
below the entire west stand of the stadium 
to relieve the area of surplus water. 

PILING
A Joint Venture comprising Iliso 
Consulting, ARQ and Arcus Gibb was ap-
pointed by the NMB Metro to undertake 
the design and construction monitoring 
of the foundation phase for the stadium. 

The geotechnical experts recom-
mended that cast in-situ augured piles 
with enlarged bases be founded on very 
stiff clay / very soft mud rock of the 
Kirkwood formation. A total of 2 300 piles 
were installed in pile groups of up to 48 
piles per pile cap. The pile sizes ranged 
from 355 mm to 610 mm in diameter. The 

piles were cast in-situ concrete piles with 
reinforcement of up to 8 Y32 per cage. 
The majority of the piles were designed to 
resist vertical compressive forces ranging 
from 3 500 kN to 10 500 kN. Other piles 
were also designed to resist tensile forces 
of up to 10 500 kN.

ROOF
The silhouette of the stadium is marked 
by the structure of the girders, which are 
arranged to point towards the center of 
the stadium. The girders taper towards 
the bottom where they ‘grow onto’ the 
columns of the multi-storied colonnade 
that wraps around the entire stadium. 

The structural roof elements (girders) 
were all pre-assembled in a jig at ground 
level, surveyed for tolerance compliance 
and then installed. The 55 t mass ele-
ments were manufactured to very high 
tolerances to enable the structure to be 
erected in this manner.

The roof cladding terminates be-
fore the façade to provide a wind-tight 
connection of the roof to the façade, 
without requiring additional provisions. 
The roof acquires its remarkable form 
from the alternating arrangement of 
the girders and the membrane surfaces 
spanned in-between. 

Port Elizabeth is known as the 
‘Windy City’. Therefore, besides rain pro-
tection, much value was placed on per-
fect wind protection. A high roof edge, as 
well as the reduced roof depth, mirrors 
these requirements. The effectiveness of 
the derived geometry was tested using a 
wind tunnel and evaluated according to a 
comfort study.

In order to not interfere with the 
work on and around the playing field, the 
pre-fabricated girders had to be installed 
entirely from the outside of the stadium. 
The pre-fabrication of the girders was 
performed on scaffolding, which was 
equipped with individually adjustable 
clamping saddles to accommodate the 
different girder geometries. After the 
calibration of the scaffolding, mobile 
cranes lifted the pre-fabricated units into 
place, where they were bolted. The tip of 
the girder was set in place as a single unit 
at the end. To compensate for the toler-
ances from fabrication and the bolt-hole 
clearance of the connections, the girder 
tips were initially set in the specified 

position on the work-shop geometry 
and then connected with the rest of the 
girder.  Connection plates with slightly 
varied hole patterns were implemented 
to accomplish this. After the calibration 
of the girder and the pre-stressing of the 
bolted connections the support of the 
girder tip was lowered and the deforma-
tion at the girder tip was checked. At 
the same time the secondary structure 
of curved tubes was assembled and cali-
brated for the aluminium cladding. With 
the help of taut lines the relative height 
between the purlins was measured to 
limit the unevenness of the cladding. The 
Y-columns were also bolted before being 
lifted into place.

The window of operation for the 
500 t caterpillar crane was limited by the 
maximum wind speed of 10 m/s. As such 
wind speeds occur daily in Port Elizabeth, 
often already before noon, the erection of 
the girders occurred mostly in the early 
hours of the morning. The installation of 
the aluminum cladding proved equally 
challenging in these windy conditions. 

Calm weather conditions were also 
required for the unrolling of the mem-
brane to the preliminary anchorages. The 
membrane bales were rolled out on a tem-
porary net of tension straps and secured 
with over-laying straps to prevent lift-off 
until it had been sufficiently anchored. 

ENVIRONMENTAL CONDITIONS 
Situated on the coast of the Indian 
Ocean, Port Elizabeth belongs to a group 
of places that has some of the highest 
recorded normative exposure to corro-
sion in the world. High temperatures, 
in combination with humidity and 
prevalent coastal parallel winds, which 
carry salt from the coast-line ocean spray 
across long distances, result in steel cor-
rosion rates of 100 to 300 μm/a. These 
conditions set the highest requirements 
for corrosion protection. 

For corrosion protection, high grade 
and very UV-resistant Polysyloxane were 
employed. Movable parts were dual-layer 
coated. In construction all gaps and areas 
difficult to reach were minimised and 
single shear-plane bolted connections 
were favoured. 

CONCLUSION
The succsssful completion of the Nelson 
Mandela Stadium, despite considerable 
challenges, represents a significant contri-
bution to modern stadium architecture. 

7  The backlit membrane surfaces of the roof 

make the stadium widely visible at night



PROJECT DESCRIPTION
At the confluence of many trade routes, the Port of Durban has 
developed into Africa’s busiest multi-service port handling up to 
32 million tonnes of cargo and on average 4 000 ships per annum. 
For the port to remain globally competitive, Transnet has embarked 
on a series of large-scale infrastructural developments within the 
port, one of the first being the deepening and widening of the en-
trance channel to the port.

In 2006 Transnet appointed the Hatch Mott MacDonald 
Goba Joint Venture (HMG JV) to help with the Durban 
Harbour Entrance Widening. 

The primary objective of the project was to provide the Port of 
Durban with a new entrance channel which allows safe access to all 
vessels up to a size equivalent to a 9 200 TEU (twenty-foot equiva-
lent unit) container ship (length = 350 m, beam width = 45,6 m and 
draught = 14,5 m) under most weather conditions. 

A consortium, comprising the Belgian firm Dredging 
International and Group Five from South Africa, was appointed in 
May 2007 to undertake the main marine works, with main sub-
contractors Subtech and Afrisam in support.

The works included the construction of a new north groyne, 
the strengthening of the existing south breakwater and dredging, 
aimed at increasing the depth and width of the port entrance.

KEY PLAYERS
Client Transnet Capital Projects 
acting on behalf of Transnet National Ports Authority
Professional Team Hatch Mott MacDonald Goba Joint Venture 
Prestedge Retief Dresner Wijnberg
Main Contractor Dredging International Group 5 Consortium 
Major Subcontractors and Suppliers Sub-Tech, Afrisam

DURBAN HARBOUR ENTRANCE WIDENING

Technical Excellence category
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The widening and deepening of the entrance to the 
Durban Harbour was undertaken in a ‘brown-fields’ 
environment, with work being carried out in and around 
the fully operational shipping lane. Much of the work 
entailed dealing with existing structures built up over 
many decades, with little or no record of the construction 
or materials used. The R2,9 billion project was completed 
in February 2010, allowing access to post-panamax vessels

Durban Harbour 
Entrance Widening

1  North bank during early stages
2  Old and new north groynes, with north bank excavation in background
3  Back hoe dredger Pinocchio and support barge on north bank
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PRIMARY PROJECT STATISTICS ARE AS FOLLOWS:
Increased channel width . . . . . . . . . . . . . . . . . . . . . . . .  from 125 m to 225 average 

bottom width
Increased channel depth . . . . . . . . . . . . . . . . . . . . . . . .  from -12,8 m CD to a depth 

varying from -16,0 m CD in the 
basin to -19,0 m CD in the outer 
channel

Channel and sand trap dredging . . . . . . .  9 800 000 m3

Demolition of  
concrete structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 000 m3

Demolition of major buildings. . . . . . . . . . . .  12 No
Length of the new north groyne . . . . . . . .  550 m
Length of the north bank. . . . . . . . . . . . . . . . . . . . . . .  500 m
Length of the south breakwater . . . . . . . . .  700 m
Production and placement  
of rock on the breakwaters. . . . . . . . . . . . . . . . . . . .  500 000 m3

Production and placement of primary armour:
 45 t concreteAntifer units: . . . . . . . . . . 3961 No
 30 t concrete Antifer units:. . . . . . . . . . 1024 No
 10 t concrete Antifer units: . . . . . . . . . . 1688 No 
 5 t concrete antifer units: . . . . . . . . . . . . . . 1119 No
 20 t concrete dolosse units: . . . . . . . . . 552 No
Production and placement  
of in-situ concrete 
(mainly breakwater  
cap structures): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 500 m3

Navigation aids. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 x breakwater towers 
1 x temporary PEL light  
1 x permanent PEL light  
2 x other light towers  
various channel marker buoys

Final project cost . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R2,85 billion

DESIGN ASPECTS AND CONSTRUCTION TECHNIQUES
Marine works
Dredging
The Contractor opted to dredge the bulk of the outer and inner 
channel by trailer suction hopper dredger (TSHD) – a logical 
choice, as these vessels are less sensitive to wave conditions 
than other dredger types – and allowed offshore disposal at an 
existing marine disposal area using the same vessel. 

Underwater excavations
For the dredging of material which was too shallow and/or too 
hard for excavation by TSHD, the Contractor mobilised one of 
the largest backhoe dredgers (BHD) in the world, Pinocchio, a 
very powerful machine with a large bucket capacity of 14 m3, 
and a reach of approximately 21 m under water.

The Pinocchio was also used to demolish much of the 
old north groyne. Land-based excavation was used down to 
6 m CD and BHD Pinocchio then excavated further down to 
sea-bed level, approximately 12 m CD. All suitable excavated 
material was stockpiled and graded prior to being placed for 
the construction of the new north groyne.

Excavation of south breakwater toe
The dredging scope included careful exposure of the founda-
tion of the south breakwater under the seabed, in the absence 
of reliable as-built drawings of the century-old structure. As 
the strengthening of the south breakwater had been designed 
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as an additional new outer skin of antifer cubes, it was im-
portant to found the new protection layer at a level commen-
surate with the existing foundation. This was achieved by a 
three-prong approach. The slopes of the old breakwater were 
explored by means of jet probing into the remaining over-
laying sand masses after bulk dredging. Points of refusal were 
mapped to provide an indication of the cross section of the 
existing structure. Finally, the remaining sand on the break-
water slopes was removed by dredge sand pumps.

Channel dredging
Channel dredging had to be carried out in two stages, in order 
to allow safe and unobstructed shipping in one lane at all 
times. This required close cooperation with the port control 
authorities, and was carried out very successfully.

BREAKWATERS
New north groyne
The new north groyne comprises graded rock, concrete armour 
units and a mass concrete cap with crest height of +4,5 m CD. 
It was constructed approximately 100 m north of the old groyne 
in parallel with the demolition of the old groyne, to allow the 
handling for re-use of recovered suitable construction mate-
rial. This part of the operation involved large-scale sorting and 
breaking up of larger elements. Waste was loaded onto barges 
and dumped at the designated dump site off-shore. 

After pre-dredging of the north groyne footprint area to 
remove the unsuitable top layer, rubble material in a wide 
grading (5 kg – 3 000 kg) was placed at the core of the break-
water by way of end-tipping, using a f leet of articulated tipper 
trucks, and then trimmed to its design slope before the toe 
and underlayer for the armour could be placed. The primary 
armour consisted of 5 t and 10 t antifer cubes on the channel 
side, supplemented by 20 t dolosse at the head of the groyne. 
The northern slope of the groyne is protected by lighter 
armour due to its sheltered position (graded rock, 2 – 4 t). A 
concrete cap with a splash wall at the channel-side comple-
ments the above-water structure.

New north bank revetment
The new north bank revetment comprises a geotextile filter 
and graded rock layers. The revetment down to a level of  4 m 
CD was constructed in the dry when the area was still sur-
rounded by land. This entailed constructing a trench 35 m 
wide at the top, 8 m wide at the base and 9 m deep, using a 
system of well points sunk into the sides of the excavation to 
keep the water level below the bottom of the excavation. This 
enabled the placing of the revetment rock, sized between 0,7 t 
and 1,4 t, by land-based equipment. This methodology proved 
successful and was applied in stages to almost the entire 
length of the north bank.

Dredge slope revetments
The underwater slopes on both sides of the channel were shaped 
in a precisely controlled manner after bulk dredging had taken 
place, by means of rock-dumping from split barges.

South breakwater
The original south breakwater structure comprised mainly 
30 t rectangular concrete units, protected on the seaward 
face and roundhead by 20 t dolos armour units from 0 m 
CD level to the crest of the structure. The reinforcement of 
the south breakwater comprised 30 t and 45 t antifer cubes 
placed on the existing armouring in order to withstand in-
creased wave attack resulting from wave-focusing on the new 
dredge slopes. 

SAND SUPPLY SYSTEM TO THE ADJACENT BEACHES
The eThekwini (Durban) Municipality sand pumping facility, 
previously situated on the north bank of the old north groyne, 
had to be demolished as part of the Durban Harbour Entrance 
Widening Project. Transnet undertook to replace this sand 
pumping system to continue the beach nourishment programme. 
The system currently in place is a temporary system that mimics 
that of the previous operation in that it is a sand reclaim and 
pumping system and has been constructed using primarily refur-
bished components of the old system.
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The system comprises four major components, namely a 
reclaim connection, a slurry discharge pipeline, a sand storage 
bund and a booster pump station.

A permanent system is currently being designed and will be 
implemented under a separate project.

AIDS TO NAVIGATION: PEL LIGHT SYSTEM
As a result of widening the entrance channel to the north, the 
previously installed leading lights could no longer be used by 
ships to guide them down the centre line of the new channel. 
Unfortunately, due to the location of existing land-based port 
infrastructure and buildings, a conventional two (front/rear) 
light system could not be used. 

A Precision Entry Light (PEL) system was therefore selected, 
consisting of six synchronised lights installed on a tower some 
44 metres above mean sea level. The lights work on a system 
known as an oscillating boundary. This essentially means that 
when the light source is viewed from the centre line of the 
channel it appears to be a white light but when viewed from 
more than 1,5 degrees either side of the centre line it appears to 
be red when too far to the left (port) side and green when seen 
from the right-hand (starboard) side.

CONCLUSION
The construction of Durban’s new harbour entrance com-
menced in May 2007 and was completed in February 2010, 
one month ahead of schedule and under budget. The Port of 
Durban can now safely accommodate post-panamax vessels 
and is well positioned on the north-south global trade routes 
for future growth of the regional and national economies of 
the subcontinent. 
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4  Completed new north groyne
5  Completed south breakwater
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OVERVIEW
The Mgeni Viaduct is a 410 m long 
incrementally launched bridge which 
forms part of the new main road P577 
between KwaMashu and New Germany 
in KwaZulu-Natal. This fourteen km long 
route will provide the fifth main crossing 
of the Mgeni River in the Durban region 
and is located about 10 km inland from 
the coast line. Completion of the P577 

will provide a direct link between the 
residential areas of KwaMashu, Ntuzuma 
and Inanda, and the New Germany /
Pinetown conurbation further to the 
west. Planning and design of this road 
was completed by the mid 1990s, but 
construction was delayed until 2002 
due to a lack of funds. The decision to 
proceed was based on the significant 
contribution that the road would make 

to the socio-economic development of 
the local communities, linking them 
to new employment opportunities and 
dramatically reducing the cost of trans-
port. The Client was the KwaZulu-Natal 
Department of Transport.

The site of the Mgeni Viaduct is 
dominated by the steep rocky escarp-
ment on the east bank of the river, 
which falls sharply to river level and 
rises gently towards the west. P577 is 
on a sag vertical curve at the position of 
the bridge and descends at a gradient of 
9% through a deep rock cutting behind 
the left abutment before rising at a 
gradient of 7% behind the spill-through 
right abutment, which partially retains 
a 15 m high embankment.

The viaduct comprises twin pre-
stressed concrete box girder decks with 
a total of nine spans made up of one of 
34 m, one of 36 m, six of 50 m and one 
of 40 m in the direction of launching 
from east to west, and is supported by 
eight 6 m by 3,5 m featured hollow piers 
varying in height from 45 m to 18 m, 
which were founded on intact sandstone 
at shallow depth and constructed by 
sliding. The four tallest piers required 
stays during launching to prevent exces-
sive horizontal deflections. Each deck is 
3,7 m deep by 15 m wide to accommodate 
three 3,5 m traffic lanes, shoulders and 
1,5 m sidewalks at the outer edge. The 
twin decks are separated by a 0,5 m gap, 
which is closed by heavy precast concrete 
T-sections to form a raised median be-
tween the carriageways.

Construction of the Mgeni Viaduct 
involved the downhill launch of the 
10 000 tonne decks on the steepest 
downhill gradient involving this form 

KEY PLAYERS
Client KwaZulu-Natal Department of Transport 
Professional Team HBL Joint Venture 
Henwood & Nxumalo, SSI Engineers & Environmental Consultants,  
Linda Masinga & Associates
Main Contractor Rumdel Mgeni Joint Venture 
Major Subcontractors and Suppliers Competition Construction cc,  
Salli Construction cc
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Construction of the Mgeni Viaduct  
on Main Road P577

1  Mgeni Viaduct with Main Road 

P577 in the background
2  Mgeni Viaduct construction in progress
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of construction in South Africa to date 
and ostensibly not matched elsewhere. 
It was necessary to design the launch 
abutment for a maximum horizontal 
force of 10 500 kN to prevent the un-
controlled downhill slide of the deck, or 
in the event of the need to retract the 
deck uphill.

In order to counter the risk and dif-
ficulties associated with forces of this 
magnitude, the abutment was anchored 
back into the intact rock substrata, and 
the deck was strengthened to suit the 
contractor's temporary works system. 
This comprised sophisticated launch 
equipment imported from Spain, ca-
pable of launching or retracting the 
deck by the use of tie bars in conjunc-
tion with steel pulling sticks inserted 
through holes at regular intervals along 
the decks.

The successful completion of this 
structure without major incident testi-
fies to the quality of the contractor's 
temporary works and control measures 
during the construction of this techni-
cally challenging project. The project is 
non-critical within the overall comple-
tion of MR577.

QUALITY OF DESIGN
The team involved in the planning, 
design and construction management 
of the Mgeni Viaduct had been together 
since 1981 when the first incrementally 
launched viaduct in South Africa was 
constructed across the Umhlatuzana 

River adjacent to the Mariannhill Toll 
Plaza on the N3 near Pinetown. The 
depth of experience of this team en-
sured that a high-quality design could 
be presented to the contractors.

FACTORS WHICH INFLUENCED 
THE DESIGN CONCEPT
The main physical determinants which 
influenced the configuration of the Mgeni 
Viaduct were the steep topography and 
the geological formations traversed by 
Main Road P577 and over which the 
structure was required to span. Selection 
of the height of the viaduct above the river 
and adjacent flood plain arose from the 
optimisation of the road vertical and hori-
zontal alignments in terms of geometric 
standards and the combined cost of the 
road and bridge works.

At the outset several structural 
forms were considered, which included 
incrementally launched decks, various 
balanced cantilever configurations and 
precast beam and slab deck construc-
tion. Following comparative cost studies, 
which also involved careful consideration 
of access to the site, location of the piers 
and abutments in relation to the river, the 
topography and the geology, the incre-
mentally launched viaduct was selected 
as the preferred structural form, and ap-
proved by the Client.

Whereas the difficulties and risks of 
launching the large decks down such a steep 
gradient from the higher eastern abutment 
were recognised from the beginning, this 

option was preferred because of the hard 
sandstone foundations available to support 
the east launch abutment and the work area 
behind the abutment.

The alternative of launching up-
hill from the west abutment was not 
favoured, because of the need to con-
struct large and costly support works 
through the embankment behind the 
abutment, in order to eliminate settle-
ment problems during launching.  

INGENUITY, ORIGINALITY AND INNOVATION 
– PLANNING AND DESIGN
In the years from 1981 when the first 
incrementally launched bridge was con-
structed in South Africa, this type of 
construction has become more preva-
lent, although not generally on the scale 
of the Mgeni Viaduct. The particular 
constraints of this project have tested 
the design team. 

The first innovation which SSI 
brought to the project was a reconside-
ration of the original proposed route 
location. The proposed alignment of 
the road was intended to minimise the 
scale of the structure required to cross 
the Mgeni River. In achieving this, the 
length of the route was compromised. 
SSI proposed an alternative which re-
duced the travel distance between Duffs 
Road and New Germany by 1,4 km. An 
economic study showed clearly that the 
regional economic benefit of reduced 
travel times and cost far outweighed 
the additional construction cost. The 

2



Client accepted the proposal, and work 
proceeded with the final design. The 
challenge which came with the new 
alignment was now a significant struc-
ture 45 metres above the Mgeni River.

The geometric constraints of working 
in the difficult topography of KwaZulu-
Natal required unusual geometric solu-
tions, as will be seen below.

The bridge superstructure is founded 
on spread footings and where the piers 
are located in the river channel and flood 
plain they are anchored into bedrock 
with dowels. The piers are single hollow 
structures with a constant wall thickness, 
constructed by sliding. The need for a 
more massive design on the tallest piers 
was obviated by staying the piers with 
pre-stressing strands to manage the hori-
zontal loads imposed by the deck as it was 
jacked across the pier. The strands were 
anchored to the base of the adjacent piers 
and through the top of the pier. Prior to the 
launching operation, the top of the piers 
were pre-deflected to calculated offsets to 
manage the imposed forces. In addition, 
back stays were provided to cater for the 
eventuality that the deck would have to 
be retracted. In the final scenario, after all 
pre-stressing was complete, the piers were 
allowed to return to their natural posi-
tion. This is a complex operation requiring 
painstaking measurement and control.
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4 3  Span 4 launch under way
4  Columns for Africa!
5  Rockfall mitigation measures
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The casting yard was at a gradient 
of approximately 9%. The circular curve 
was dealt with by providing each pier 
with temporary bearings at the correct 
tangent angle. The launching force at 
that grade was nominal, but care had 
to be taken to ensure that the deck was 
held from sliding under its own mass. 
This is described in more detail below 
under “Unusual Construction Methods”.

Because of the possibility of having 
to retract the deck, planning had to 
consider the maximum 10 500 kN force 
necessary to achieve this. The uncertain 
geology of the rock face required rock 
anchors to be installed to counter this 
force. Rock slope protection measures 
were planned to ensure the stability of 
the rock faces above the abutment. This 
comprised the installation of rock an-
chors and draped mesh.

BUDGETARY COMPLIANCE
The cost of the project as tendered was 
R151,9 m, excluding escalation and VAT. 
During the construction of the launch 
abutment, shear zones were encountered 
in the sandstone rock which required 
modification to the rock anchors to re-
tain the deck during the launch process.

Each anchor was split into two, en-
tering the hillside at different angles to 
ensure stability. With this amendment, 
increasing the anchoring force was un-
necessary.

UNUSUAL CONSTRUCTION METHODS
Launching a deck on a 9% downward 
gradient offered many challenges, as 
the structure was unstable and inclined 
to move under gravity. The launching 
system was required to restrain the deck 
at 1,3 times the down slope force of the 
deck, assuming zero friction. The system 
also needed to be able to pull the deck 
back in the event of a bearing miss-feed 
with a maximum force of 10 500 kN. 

This was achieved by using 3 x 
350 ton hollow plunger cylinders cou-
pled to the deck via retaining sticks 
installed through the box section and 
connected to the cylinders via 75 mm 
Macalloy bars. The cylinders were set 
up behind the left abutment with the 
Macalloy bars running through the 
abutment. The 350 ton retaining cylin-
ders acted as the ‘anchor’ with the pres-
sure release valve being set to only allow 
the cylinder to collapse when a force of 
1,3 times the down slope force of the 

deck was applied to the cylinder. Thus 
the weight of the deck on its own would 
not collapse the cylinder, so the deck 
did not move. These were the largest 
cylinders made by Enerpac to date. 

In order to launch the deck it was 
then pulled forward by three 150 ton 
pulling cylinders, coupled to the deck 
via pulling sticks and 50 mm Macalloy 
bars. When the pulling cylinders were 
extended, the force of the pulling cylin-
ders plus the down slope weight of the 
deck were enough to collapse the 350 ton 
retaining cylinders and overcome the 
friction, and the deck moved forward. 
The deck was thus moved in a safe and 
controlled manner, and the launch could 
be halted at any stage by stopping the 
extension of the pulling cylinder. This 

safety feature was critical because, in the 
event of a loss of power or pressure, the 
deck would not move on its own as the 
‘anchor’ would remain in place. 

Each movement advanced the deck 
by 750 mm before the cylinders were 
reset for the next sequence. The load on 
the retaining cylinders was transferred 
to the transfer cylinders at the end of 
each cycle, allowing the retaining cylin-
ders to be extended. The deck was then 
locked off on the retaining cylinders 
again, the transfer cylinders were col-
lapsed and the deck was launched again. 

The launching system was controlled 
from a central computerised control 
panel where pressure parameters for the 
retaining and pulling cylinders could be 
set. This allowed the launch controller 
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to set the system to shut down if the 
anticipated launch force required for 
launching of that segment was exceeded. 
This could have occurred if a bearing had 
been fed in upside down or an obstruc-
tion encountered.  

The system could be operated in 
manual or automatic mode, with the 
automatic cycle making use of electronic 
sensors in the hydraulic cylinders that 
sent a signal to the control panel when 
each movement in the launch cycle had 
been completed. The release pressure 
for the retaining cylinder was set with 
a manual pressure release valve and the 
cylinder pressures could be read off dial 
gauges on the valve block, or off the con-
trol panel. 

The launching system also included 
emergency switches on all the piers that 
were linked to clinometers installed on 
the four highest piers. The clinometers 
were equipped with electronic sensors 
which automatically shut the system 
down if the pier deflects beyond the stipu-
lated tolerance. 

MODIFICATIONS TO FACILITATE THE LAUNCH
Due to the high launch loads imposed on 
the box section through the pull sticks, 
the deck and soffit were required to be 
modified. The area around the pulling 

and retaining stick holes was thickened 
and additional steel reinforcing installed 
to cater for the launch loads. The thick-
ening gave the pull/retaining sticks a 
larger bearing area on the soffit. The 
steel arrangement was then re-detailed 
to include the original design steel to 
facilitate easier and faster construction. 
As the deck grew longer and the launch 
loads increased, the steel was increased 
to cater for the increasing loads. These 
holes were then filled in after the seg-
ment had been launched. 

The pull/retaining cylinders kick 
against the left abutment and sleeves were 
left in the abutment to allow the Macalloy 
bars to pass through. During the con-
struction of the left abutment foundation 
it was found that a fault line ran through 
the centre of the abutment. A possible 
slip was overcome by installing additional 
ground anchors at different angles 16 m 
into the rock face. Additional sleeves were 
left in the abutment in case any of the 
ground anchors failed. Fortunately none 
of the additional sleeves were required.  

CONSTRUCTION
The casting area was situated in a cutting 
and the rest of the establishment for the 
construction of the deck on the adjacent 
fill which made for a very congested site. 
The limited storage area made the sched-
uling of stock delivery and control critical, 
as not much could be stored on site. 

The decks were launched simultane-
ously with segments being constructed in 
a cycle time of 12 to 14 days. The concrete 
was batched on site using a karoo batcher 
and placed using 2 cubic meter buckets. 
The box sections were cast in three sec-
tions, first placing the soffit, then the 
webs and finally the deck. Due to the high 
cement content and summer tempera-
tures in Durban in excess of 32 degrees 
Celsius the concrete was required to be 
placed below 30 degrees Celsius. This was 
achieved by cooling the water to 1 degree 
Celsius and keeping the aggregates under 
insulated roofing. The 19 mm stone was 
kept wet using sprinklers to reduce its 
temperature and ice was on hand in a 
freezer container if required. 

A strength of 35 MPa was achieved 
in 36 hours before the concentric pre-
stressing was done. Cubes were match-
cured on the deck under insulated 
boxes to get an indication of the actual 
strength of the element, while an onsite 
lab cured cubes in curing tanks for 
quality control purposes. 

The steel was prefixed outside the 
shutter form and rolled into place once 
the previous segment had been launched. 
The casting bay was constructed on the 
radius of the vertical curve with a dip of 
25 mm over the 25 m segment. The skid 
beam was set up to within a 1 mm toler-
ance and the formwork was raised and 
lowered on 100 ton jacks. No settlement 

6

6  A telephoto shot down the 

centre line of the Mgeni Viaduct
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was experienced as the casting bay foun-
dations were constructed on the bedrock 
in the cutting.  

RESPONSIBILITY CARRIED BY THE ENGINEER
The responsibilities of the consulting 
engineer extend throughout the entire 
life cycles of bridge structures. In this 
instance it was important to ensure that 
the structure would not only meet the 
conventional goals of adequate strength, 
long-term durability and economy, 
including beneficial utility, but that suf-
ficient attention was paid to safety and 
the minimisation of physical and finan-
cial risk before and during the construc-
tion process.

Considerable effort was therefore 
applied to the design of the structure 
and the temporary works by the con-
sulting engineers and the contractors 
jointly in the interests of economy and 
safety. Particular attention was paid 
to the design and installation of fail-
safe mechanisms required during the 
process of launching, supplemented 
by ongoing checks, inspections and 

verification procedures. The successful 
completion of the structure without 
significant mishap is testament to the 
success of these efforts.

The quality of the materials and 
workmanship were systematically 
checked by the consultant's construc-
tion monitoring team throughout 
the construction period in the in-
terests of ensuring the long-term 
durability of the structure.

ENVIRONMENTAL
The natural beauty of the bridge setting 
has been the inspiration for exceptional 
attention to the environment. The 
designers minimised the impact that 
the location of the substructure would 
have on the Mgeni River, and site staff 
respected the requirements of the con-
tract which imposed heavy fines for vio-
lations of environmental requirements. 
The environment was a recurring theme 
during daily toolbox talks.

Specific interventions were the 
relocation of indigenous trees and the 
recording and reinstatement of the 

riverine environment. Numerous audits 
were carried out and a clean bill of 
health was obtained. 

RESPONSIVE TO THE NEEDS OF 
THE CLIENT AND COMMUNITY
In consultation with the Client it was 
determined that the labour force would 
be drawn predominantly from the com-
munity. This is probably one of the real 
success stories of the project.  As part of 
the P577 project, a training centre was 
established which provided construction-
related skills training to the local com-
munity who were then in a position to be 
employed by the contractors engaged in 
the construction of P577. During the con-
struction of the Mgeni Viaduct the con-
tractor was, through the Project Liaison 
Committee, able to recruit semi-skilled 
employees from this pool of trainees. The 
contractor employed 350 local commu-
nity members during the construction of 
the Mgeni Viaduct. Many of these people 
are now on the permanent staff of the 
contractor and two are now being spon-
sored through university. 
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KEY PLAYERS
Client Transnet National Ports Authority / City of Durban
Professional Team Transnet Capital Projects
Main Contractor Stefanutti / Basil Read Joint Venture

KHANGELA BRIDGE AND ROADS PROJECT

Technical Excellence category

1 PURPOSE OF THE PROJECT
For a number of years the issue of congestion in the Bayhead 
/ Port of Durban precinct has plagued port users due to the 
increased volumes of cargo being moved via road transport. It 
was envisaged that the congestion would be alleviated by the 
construction of Khangela Bridge.

Khangela Bridge, constructed as an extension of Bayhead 
Road, provides direct access from the Bayhead Port pre-
cinct to the Freeways and National Roads M7, N2 and N3 to 
Gauteng, thus linking Bayhead Road and Old South Coast to 
Sydney and Umbilo Roads.

This was, however, a most challenging bridge designing 
exercise. Space and access constraints necessitated a design 
comprising the following three different bridge types: 

Twin box structure with vertical curve –   N

incremental-launch 
Trapezoidal cast  N in situ void former transition deck
Post-tensioned precast beams with  N in situ top slab deck

Furthermore, modifications had to be done to the existing 
bridge BE 5576 which required partial demolition and recon-
struction for widening.

Khangela Bridge 
and Roads Project

1  Aerial view of site prior to commencement of bridge 

construction; note truck congestion in Bayhead Road
2  Aerial view of site showing progress with the 

construction of the Khangela Bridge
3  Launched deck factory
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DESIGN DRIVERS
The design ‘drivers’ for the technical solution were lack of space 
(both vertically and laterally), the requirement to maintain rail 
(both passenger and freight rail) and road access on the M4 
Southern Freeway.

The bridge was thus either launched over or constructed 
adjacent to existing infrastructure and did not interfere with the 
operational and user requirements of the following:

Access to various commercial and industrial sites N

Four passenger rail tracks (with overhead live 3 000 volt DC  N

traction lines)
Albert Luthuli M4 Southern Freeway (six traffic lanes, bi- N

directional express way)
Transnet Freight Rail (six rail tracks, access to North Coast and  N

Port of Durban, with overhead live 3 000 volt DC traction lines)
Multiple services, and the relocation thereof (water, storm  N

water, electrical including super-tension cables, fibre optic ca-
bles and telecommunications)
Public access and safety N

INCREMENTAL LAUNCH TO SPAN SERVICES
The launching area was situated on the western side of the 
Metrorail tracks. The incremental launch decks were constructed 
first and pushed out over the piers. Each of the deck segments 
took approximately two weeks to cast on site. The concrete decks 
were cast in 18 metre long segments and when they had gained 
sufficient strength, were stressed and then pushed out along the 
piers using hydraulic jacks.

Some 48 precast beams were laid down and the deck slab cov-
ered them, leaving only an infill section of the bridge to be cast in 
situ. The land beneath this span was the only land without railway 
lines or other services after an existing railway traction substation 

had been removed.  The cast in situ span was constructed between 
the incremental-launch section and the precast section. It was con-
structed last, from the bottom up, with conventional scaffolding and 
formwork. Void formers were used in the deck slab.

DECK DEPTH PRESENTS CHALLENGES
The three-bridge-type design had been drawn up to accom-
modate the clearances required for electrified tracks beneath 
the bridge decks. The incremental-launch type bridge works 
well when having to span the services below. However, in this 
instance the deck depth posed a problem beyond the fourth span, 
because the depth of the box girders were approximately 2,5 m. 
The in situ and precast spans are shorter because the distance 
between piers is shorter as they have to fit between the gathering 
tracks. This allowed for a shallower deck at only 1,2 m depth, but 
even at that, clearances were just met.

2

3
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ALL RAILWAYS AND ROADS REMAINED OPERATIONAL
The benefit gained from all the extra effort was considerable. 
Neither the Metrorail lines nor the Freeway had to be closed 
for any period of time during the 32-month construction pe-
riod. The Transnet Freight Rail lines were only closed during 
limited occupations to accommodate the lifting and placing of 
the precast beams.

Railway lines were slewed to accommodate heavy equipment 
for pile driving, capping and construction of the piers. Once the 
piers were in place, the lines were reinstated including some rea-
lignment. Work was undertaken in various stages and scheduled 
over weekends when there was minimal rail traffic. 

OPERATIONAL COMPLICATIONS
Besides the rail- and road traffic considerations, there was also a 
plethora of other services that were not to be disrupted. The fol-
lowing services posed a challenge to the team:

The overhead 3 000 volt power lines had to be slewed together  N

with the rail lines.  
The traction substation was in the path of construction and  N

had to be disassembled and replaced by two new substations – 
one for each rail network (Transnet and Metrorail).  
The electricity cables from a large municipal substation that  N

services suburbs in the area had to be relocated.  
Fibre-optic cables that carry information for the major banks,  N

for example, had to be removed or managed.
Telkom cables, storm drains, water mains, sewers and many  N

other infrastructure services were also affected.
This project certainly presented some tough challenges. It was 
quite a rare occurrence to have such a variety of disciplines 

involved on one project, and that in itself required tight plan-
ning, organisation and control for success.

PUBLIC INTEREST AND BENEFITS
For the majority of the infrastructure services that were affected 
there will be no direct benefit from the bridge. The only depart-
ments intended to directly benefit are eThekwini (Roads Provision) 
and the Port of Durban. However, all the service providers ap-
proved the project and cooperated fully with the project team. The 
construction of the bridge encroached on their space for approxi-
mately two years with no direct benefit to them. But the need for 
the bridge was clear to all and vital cooperation was forthcoming.

IMPROVED TRANSPORT INFRASTRUCTURE
Although there was no direct benefit to some stakeholders, there 
will be indirect knock-on cost benefits for the transport compa-
nies that have trucks waiting in the traffic snarl where Bayhead 
Road intersects South Coast Road, as vehicles leaving the port no 
longer need to turn at this intersection.

ENVIRONMENTAL AND PUBLIC INTEREST
All environmental statutory processes were adhered to and no 
deviations encountered.

Community liaison was undertaken continuously and con-
struction operations were informed and moderated, when neces-
sary, to respond to concerns and issues raised.

PROJECT MANAGEMENT
Spanning a 32-month period, the project was completed on time, 
on budget and to the highest quality and safety standards. The 

4
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value of the project was R180 million. Khangela Bridge and the 
associated road structure will leave a lasting legacy for the Port of 
Durban and the eThekwini Municipality.

ADDITIONAL TECHNICAL DETAILS
Bayhead Road extension and Khangela Bridge:  N

Twin box incrementally launched section (127 m long, 4 span,  �
8 segments)
A cast  � in situ section (15,5 m long, one span)
Precast beam section (29 m long, 2 span) on precast pile  �
foundation
Structure is on a hogging vertical curve (2 767 km radius,  �
total width 24 m)

Construction of four concrete load retaining walls, reinforced  N

earth load retaining walls and associated earth and road layer 
works
Relocation of pumping gravity sewer mains (100 mm, 150 mm  N

and 450 mm diameter) 
Relocation of water mains (50 mm, 150 mm and 250 mm di- N

ameter PVC and 500 mm concrete lined welded steel)
Deviation of electric power, telephone and coaxial communi- N

cation cables
Deviation for construction of bridge, and reinstating of railway  N

lines including some realignment together with all the over-
head electrical traction equipment
Construction of two new electrical substations and relocation of  N

all equipment. 

5

4  Preparation for in situ deck
5  The completed Khangela Bridge deserves a backdrop
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BETHELEHEM HYDRO

Technical Excellence category

2
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OVERVIEW
The Bethlehem Hydro project involved 
the construction of two hydropower 
stations on the Ash River near Lesotho 
at two separate sites: Merino (3,6 MW) 
and Sol Plaatje (2,5 MW). The project 
faced many challenges which were 
overcome by innovative engineering and 
skilled project management to create a 
successful outcome.

The Bethlehem Hydro is a truly 
unique venture as it is the first privately 
owned commercial hydropower project 
undertaken in South Africa in 22 years. 
The project uses the continuous flow being 
transferred from the Lesotho mountains 
into the Ash River, as part of the Lesotho 
Highlands Water Project, to generate 
approximately 6,1 MW of clean, renew-
able electricity, which is being sold to the 
Dihlabeng Municipality and Eskom. 

The overall cost of the project, 
including the developer’s costs, is 
R90,5 million of which 70% was 
funded through a loan granted by the 
Development Bank of Southern Africa 
(DBSA), while the remaining portion was 
funded through equity.  

The strong commitment and positive 
attitude of all parties involved in the de-

Bethlehem Hydro
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velopment of the project have contributed 
to overcoming several challenges caused 
by meteorological and geological condi-
tions, funding delays and the constant 
high flow rate in the river.

The Bethlehem Hydro project is the 
first project in South Africa where Kaplan 
turbines have been used, highlighting the 
application of innovative technologies in 
the project. The turbine configuration re-
quired innovative power station designs. 
The design of the diversion structure at 
the Merino Site also posed hydraulic and 
geotechnical challenges and eventually a 
curved weir was provided to achieve the 
required spillway length in the narrow 
channel width available, avoiding poor 
foundations on the left flank. The gravity 
structure of the weir was also designed to 
minimise tailwater depth.  

In total, 3 500 m3 of concrete was 
poured at the Merino site and 2 200 m3 at 
the Sol Plaatje site. Due to challenging cli-
matic conditions, which included extreme 
temperature differences and freezing 
temperatures, concrete could only be 
cast at certain times of the day during the 
winter months. Other challenges faced 
by the project included deep excavations 
of up to 23 m, as well as the construction 

of a coffer dam to divert the river and 
protect the works during the construc-
tion phase. The geology varied from soft 
fractured sandstone and horizontally 
bedded harder sandstone to interlayered 
mudstone. The use of traditional blasting 
methods was initially considered, but the 
variability of the rock and weakness of 
the soft sandstone would have resulted 
in damage to the surrounding rock on 
which the structures would be founded. 
An excavator-mounted hydraulic breaker 
was eventually used for rock excavation, 
which was a slower but safer process.  

More than 130 job opportunities 
were created during the three years of 
construction, mainly for local inhabit-
ants of the Dihlabeng municipal area, 
while local subcontractors were also used 
during construction. The project created 
28 000 days of employment for the local 
inhabitants of Dihlabeng Municipality 
during the construction period, and over 
R6,5 million was spent with local sup-
pliers and subcontractors. 

The Bethlehem Hydro project has set 
several benchmarks in terms of licensing:

It is the first project in South Africa  N

to have obtained a generation licence 
under new legislation 

It is the first to have obtained  N

a non-consumptive water use 
licence for a privately owned hy-
dropower generation facility
It is the first to have obtained  N

an environmental approval for 
the development of a run-of-
river hydropower scheme.  

Bethlehem Hydro has a significant ac-
tive BEE participation of 38% equity 
ownership through a broad-based, black 
women-owned consortium, the Women 
in Oil and Energy South Africa (WOESA). 
WOESA’s aim is to facilitate and promote 
business opportunities and enhance the 
participation of historically excluded 
women in business opportunities through 
shareholding participation.

Together the power stations will 
provide some 43 GWhrs per annum 
of clean energy into the grid, which 
is equivalent to a reduction in carbon 
emissions of over 43 000 tons per 
annum. The Bethlehem Hydro is the 
first new (not refurbished) renewable 
energy power project in South Africa to 
show that it is possible to compete on 

1  The Merino power station
2  Merino diversion weir under normal flow
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commercial terms with Eskom and has 
now set the standard in the Independent 
Power Producer (IPP) sector. The Sol 
Plaatje power station was commissioned 
in July/August 2009 and the Merino 
power station in May 2010. 

THE MERINO SITE
The Merino site is located approximately 
10 km downstream of the Lesotho 
Highlands Water Project Delivery 
Tunnel outfall on the Ash River. An 8 m 
high mass concrete weir diverts water to 
a diversion canal. The weir is designed 
with a 5 m high, 60 m long, horseshoe-
shaped spillway structure. A 3,2 m 
freeboard is provided to pass a 1:200 
year flood without any overtopping. On 
the left bank a soil embankment is com-
pacted against a 7 m high retaining wall. 
Along the right bank, an 8 m high mass 
gravity structure provides for abstraction 
of water through three isolating sluice 
gates, each 2,1 m high x 1,5 m wide, op-
erated by manual actuators.  

The spillway of the diversion weir 
consists of a ‘typical’ mass gravity struc-
ture, but reversed, with the vertical face 
on the downstream side. This was found 
to significantly reduce the tailwater 
depth when compared to the conven-
tional configuration, and eliminates po-
tential submergence problems. Splitters 
were provided to aerate the nappe. A 
500 mm thick structural concrete apron 
absorbs the impact of the nappe and 
minimises the risk of undermining the 
spillway structure. Two 150 mm diam-
eter pipes through the diversion wall 
provide the 50 ℓ/s release required by the 
Water Use License for the section of the 
river being diverted.

From the intake structure, the first 
30 m of the canal is lined by concrete 
and is followed by 550 m of unlined canal 
excavated through sandstone. A low sec-
tion of the canal route was first filled in 
with a wide ‘saddle embankment’ built 
from clayey material and then excavated 
to form part of the canal. Towards the 
end of the canal, the natural ground level 
drops off and a wall was constructed to 
maintain the required water level in the 
canal. In case of a sudden power station 
shut down, a reject spillway has been 

constructed, equipped with a prototype 
‘active spillway’ gate, which is self-actu-
ated by a rise in the water level. The gate 
is hinged and counterweights maintain 
the operating water level. Once stable 
operating conditions in the canal are 
restored, the counterweights automati-
cally close the gate.

The floor of the forebay slopes down 
to reach the invert level of the inlet to 
the turbine, which is approximately 20 m 
below the top water level. A rock trap 
and a fine screen have been installed in 

front of the inlet to prevent damage to the 
turbine. The inlet to the power station is 
protected by an emergency gate which 
automatically closes upon a loss in load, 
preventing the generator from running 
away. The tailrace channel is relatively 
short and the power station is equipped 
with maintenance gates to allow for dewa-
tering and inspection of the waterway.

The internal power station dimen-
sions are 22 m x 6,6 m which accom-
modate the inlet, the runner chamber 
and the generator floor. The draft tube 

3
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3  Water flowing freely at the Merino spillway
4  Overview of the Sol Plaatje power station
5  Side view of the Sol Plaatje power station

6  Turbine and generating plant at Sol Plaatje



dips underneath the generator floor be-
fore exiting into the tailrace channel. A 
35 ton gantry crane was provided for the 
assembly of the plant. The power station 
also has a control room, a switchgear 
room and a storage room for spare parts 
and tools required for the daily main-
tenance of the plant. Hot air from the 
generator is extracted through ducting at 
a flow rate of 7,5 m3/s. Dewatering pumps 
have been provided, one in the sump 
underneath the runner chamber and the 
other to drain the tailrace. 

The total head available at Merino 
is 14,8 m while the turbine will allow a 
maximum flow rate of 29 m3/s, generating 
a maximum of 3,6 MW. The estimated 
annual power generation is 24,8 GWhrs.

The power station is located adjacent to 
an existing wetland which was preserved 
and subjected to strict environmental 
monitoring during the construction phase.  

Eskom provided a 16,4 km long trans-
mission line which interconnects at the 
Node substation to feed into the national 
grid. Power from the Merino power 

station will be purchased by Eskom, 
which means that all the electrical com-
ponents and protection settings had to 
comply with Eskom standards.  

THE SOL PLAATJE SITE
The site is located on the right bank of the 
existing Sol Plaatje Dam (previously the 
Saulspoort Dam). The dam was constructed 
by the Department of Water Affairs in the 
late 1970s and the spillway works were up-
graded in the 1990s, as the dam was being 
undermined. Since the Lesotho Highlands 
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Water Project, the additional flow into the 
Ash River keeps the dam full and spilling 
continuously.  With this project, the over-
flowing water is now diverted through a 
turbine and the power station operates in 
a manner which prevents the dam from 
spilling, while keeping the water level at 
its maximum. During the initial phase of 
the feasibility study, the power station was 
proposed for the left bank. However, this 
was changed to accommodate the length 
of the Kaplan turbine and also for cost and 
constructability reasons. 

The power station was built behind 
the existing mass gravity wall which acted 
as a protection for the works. A bulkhead 
wall was first built 1 m downstream 
of the existing wall and was equipped 
with similar isolating sluice gates to the 
Merino diversion weir. Once constructed, 
this allowed for the demolition of the 
mass gravity wall and the opening up of 
the headrace channel. A dolerite intrusion 
intersects the valley at the location of the 
bulkhead wall, which required careful 
excavation and anchoring of the wall deep 
into the weathered dolerite.

The bulkhead wall is followed by a 
forebay which required the construction 
of a box-type conduit to avoid high re-
taining walls. A fine screen was provided 
to protect the turbine.  

During the excavation of the power 
station, poor founding conditions necessi-
tated re-sitting the power station approxi-
mately 2 m upstream in order to obtain 
better founding conditions and maximise 
the keying in of the power station into 
the rock. It was not possible to key the Sol 
Plaatje power station to the same extent as 
Merino, and long galvanised anchors were 
required to counter the effect of floata-
tion on the power station. Access during 
construction was difficult due to the soft 
nature of the material immediately down-
stream of the power station. For the same 
reason, the tailrace is quite wide as the 
material is soft and required flat slopes for 
stability reasons. The excavation process 
was further complicated by a constant in-
flow of water into the excavation pit due to 
seepage from the downstream coffer dam. 

The power station structure is es-
sentially identical to that of Merino, 

with access to the power station and 
some of the rooms mirrored. The same 
gates and dewatering system have been 
provided as for Merino. The total head 
available at Sol Plaatje is 10,2 m while 
the turbine will allow a maximum flow 
rate of 29 m3/s, generating a maximum 
of 2,5 MW. 

A 3,4 km overhead line and a 1,1 km 
underground cable transmit the power 
from Sol Plaatje to the Dihlabeng 
Municipality’s Panorama substation.

Aurecon acted as the Approved 
Professional Person in terms of the current 
Dam Safety Regulations, as the works in-
cluded the alteration to a Category III Dam.

CONCLUSION 
The Bethlehem Hydro project was a com-
plex, ground-breaking, sustainable project 
completed successfully under challenging 
conditions. The combined efforts of all 
parties involved resulted in the construc-
tion of effective power generating systems 
of international standard, and aesthetically 
pleasing engineering structures which 
blend into the surrounding landscape. 
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KEY PLAYERS
Client SANRAL
Professional Team DCA Joint Venture comprising
DEC (Pty) Ltd, Civil Concepts (Pty) Ltd, ARQ (Pty) Ltd
Main contractor BRCD Joint Venture
Major Subcontractors and Suppliers CADCON Steel Construction and Engineering

LYNNWOOD GLEN PEDESTRIAN AND PIPE BRIDGE (GFIP D2)

Technical Excellence category

1PURPOSE OF THE PROJECT, APPROACH TO 
THE DESIGN AND GENERAL FEATURES
The new Lynnwood Glen pedestrian and 
pipe bridge is part of Package D2 of the 
GFIP (Gauteng Freeway Improvement 
Project). The bridge is located between 
Atterbury and Lynnwood roads on the 
N1 in Pretoria. 

The old post-tensioned concrete pe-
destrian and pipe bridge posed a major re-
striction to the N1 freeway improvements 
between the Atterbury and Lynnwood 
interchanges. The bridge openings were 
insufficient and could not accommodate 
all the lanes of the new widened freeway. 
Due to the shape of the old bridge, the 
vertical clearance near the abutments was 
also insufficient. The purpose of the new 
bridge was to resolve these restrictions.  

The bridge, as well as being there for 
pedestrians, carries two steel water mains 
across the N1. These two pipes, 675 mm 
diameter and 300 mm diameter respec-
tively, belong to the City of Tshwane 
Metropolitan Municipality. The 675 mm 
diameter pipe is used as a supplementary 
supply main to the Lynnwood reservoir, 
mainly during the summer months when 
domestic water demand is high. The 

Lynnwood Glen  
pedestrian and pipe bridge

1  Aerial view of completed 

Lynnwood Glen pedestrain and pipe 

bridge across the N1 in Pretoria
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300 mm diameter pipe is the main supply 
to the portion of the water reticulation 
system east of the N1 and can thus only 
be closed down for a maximum of eight 
hours during off-peak periods.

Various options were looked at in 
order to meet the requirements of the new 
freeway widening:

Raising of the old deck and modifica- N

tions of the abutment in order to pro-
vide the desired clearances
Removal of the pedestrian access alto- N

gether and relocation of the pipelines 

either by jacking the pipe under the 
freeway or by relocating the pipeline 
over the Lynnwood Road bridge
Replacement of the bridge with a new  N

structure.
The first two options proved to be prob-
lematic, for the following reasons:

The structural system of the old bridge  N

included ‘hold-down’ or tension an-
chors within the abutments. The option 
of modifying the abutments and raising 
the deck was therefore not feasible. 
In addition, the risk of damaging the 

2

3

2  Lynnwood Glen pedestrian and 

pipe bridge – the old and the new
3  Assembly of steel bridge structure 

completed alongside the N1
4  Lifting and erecting the 142-ton structure
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pipelines whilst the bridge was being 
modified would have been too great.
The permanent removal of the pedes- N

trian access was also not desired by the 
City Council and the local residents.  
Jacking a culvert for the pipelines under  N

the N1 would have been very difficult 
due to the depths of the jacking pits in 
close proximity to the private proper-
ties in the area and the restrictions it 
would pose on the traffic flow. 
Deviation of the pipelines, for example  N

over Lynnwood Road bridge, would 
have been very expensive and it would 
have been difficult to accommodate a 
700 mm diameter pipe over this bridge.

The option of replacing the bridge with a 
new structure was thus preferred. During 
a workshop between SANRAL and the de-
signers it was decided to opt for a steel bow-
string arch bridge as depicted in Figure 2. 

The following were some of 
the reasons: 

The walkway levels and pipeline invert  N

levels remain virtually unchanged, 
whilst still providing the required 
bridge clearance
Removal of the old bridge and the in- N

stallation of the new structure are split 
into independent activities, thereby re-
ducing the impact of disruption to both 
traffic and water supply

The new bridge spans the full length  N

thereby removing the need for the 
construction of new piers in the median 
which would have been difficult due to 
access restrictions
The bowstring arch bridge in addition  N

produced a feature which is quite fitting 
within the surrounding areas of intense 
commercial development.

The design approach was to attain the 
following: 

Necessary clearances – the new bridge  N

provides a vertical clearance of 5,8 m and 
the span is 72,5 m, providing the required 
horizontal clearance for the extra lanes. 
Relatively easy construction – the  N

bridge was designed so that a signifi-
cant portion could be fabricated in a 
workshop and it could be transported 
in separate segments and be assembled 
alongside the road. Once assembled 
the contractor could lift the entire 
steel structure into its final position.
Minimum traffic disruption – the  N

traffic would only be disrupted 
3 times – twice for the demolition of 
the old bridge, and once for the erec-
tion of the new bridge.
Minimum water supply disruption – the  N

transition of the pipelines from the old 
to the new bridge necessitated careful 
planning and construction phasing.

Aesthetical and environmental  N

blending – the main arch members 
lean towards the centre line of the 
bridge, the cross-bracing members are 
made up of circular tapered sections, 
the bridge is white with light grey 
handrails and a darker grey pipe. All 
these features highlight the structure 
during the day, while effective lighting 
at night does the same.  

CONSTRUCTION TECHNIQUES AND SPECIAL 
MEASURES THAT WERE REQUIRED TO 
ACHIEVE COMPLETION
To minimise the areas of adjoining 
properties that SANRAL (South African 
National Roads Agency Ltd) needed to 
expropriate, and to minimise the pipeline 
realignments, it was decided to construct 
the new bridge as close as possible to 
the old one. The old bridge consisted 
of two decks, one for the pipes and the 
other for pedestrians. It was necessary to 
demolish the old pedestrian portion first. 
The bridge was saw cut into 5 sections 
and the sections were removed by crane. 
Temporary supports were placed at calcu-
lated positions to ensure that the release 
in the prestressed cables from the old 
bridge would not cause a collapse.   

The new bridge was created from six 
segments which were fabricated at the 

4
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factory individually and then transported 
to site by abnormal-load vehicles. The six 
segments were assembled at the side of the 
road using specially hidden bolted con-
nections. After the assembly and lining 
up of segments had been completed, these 
bolted connections were closed with cover 

plates, rendering a smooth external finish 
to the bridge structure. 

The assembled bridge was lifted into 
its final position utilising four lifting 
hooks that were designed to take the 
forces. The traffic was diverted through 
town while the 142-ton structural steel 

portion of the bridge was lifted into 
place by one of the biggest crawler 
cranes in South Africa with a lifting 
capacity of 800 tons. 

The bridge was temporarily placed on 
jacks to allow for the curing of the perma-
nent bearing grout. 

Once the new bridge was in place, 
the deck slab was constructed utilising 
concrete. Not long after, the new pipe-
lines were installed over the new bridge 
and the tie-ins were made at the ends. 
This allowed the contractor to then de-
molish the pipeline-carrying portion of 
the old bridge. 

CONCLUSION
The replacement of the Lynnwood Glen 
pedestrian and pipe bridge was a chal-
lenging project and the resulting struc-
ture has already become a landmark in 
the Pretoria area, the more so as there is 
no other bridge like it across a national 
highway in the country. 

5
5  Leaning arch members and 

tapered cross bracing members



BACKGROUND
The vision of the Department of 
International Relations and Cooperation 
(DIRCO) is an African continent that 
is prosperous, peaceful, democratic, 
nonracial, nonsexist and united, and 
which contributes to a world that is just 
and equitable. DIRCO’s new premises in 
Soutpansberg Road, Pretoria, is a literal 
embodiment of the Department’s vision.

Boasting impressive structural steel, 
thin stone cladding and woven ‘spider’ 
columns, the dramatic building is the 
central feature of a 150 000 m2 campus. 

1  Spiral staircases and spider 

columns are prominent features of the 

new DIRCO building in Pretoria

KEY PLAYERS
Client Department of International Relations & Cooperation
Professional Team Aurecon Civil & Structural Engineers / Iliso Consulting JV
TC Design (architects)
Main contractor Imbumba-Aganang JV

BUILDING FOR DEPARTMENT OF INTERNATIONAL 
RELATIONS & COOPERATION

Technical Excellence category

1
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Completed in just 24 months 
from the start of construction 

in May 2007, the DIRCO project 
placed the professional team under 

immense pressure to produce 
economical designs within a very 

short period of time. Coupled 
with this was the challenge of 
bringing an unusually eclectic, 
asymmetrical design to reality. 

The geometric complexity of this 
structure, accentuated by the 

combined vertical and horizontal 
curvatures of the longitudinal floor 
beams, presented many challenges 

to the design team, workshop 
detailers, fabricators and erectors

Iconic new building 
for DIRCO
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Completed in 2009 the building is set to 
welcome the world’s dignitaries to South 
Africa and effectively showcase DIRCO to 
promote national interests.

Aurecon was appointed as the lead 
consultant for the structural and civil en-
gineering of the building, in joint venture 
with Iliso. The contract included an im-
posing office building, new on-site guest 
accommodation and full refurbishment 
of the existing guest house in Waterkloof 
Heights. Aurecon was responsible for 85% 
of all the structural engineering works, 
which included façade engineering, the 
fire sprinkler systems as well as the air-
conditioning system.

DESIGN APPROACH AND AESTHETICS
The guideline brief for the project was 
to portray an image that would promote 
national interests and present the DIRCO 
building as a ‘gateway for South Africa 
to the world’. It was critical that the 
quality of the engineering design would 
be flawless and would fully express the 
architect’s vision. It was the engineering 
behind several of the unusual features of 
the building that enabled the structure to 
have such an imposing, unique presence. 
Among these features were the successful 
execution of the complex spiral staircases, 
the challenging spider columns and com-
plicated stack bond blockwork. 

The architect’s brief to the structural 
engineer was to design steelwork that 
“radiates a high-tech experience with 
extreme attention to detail”. Resultantly, 
a combination of intricate architectural 
and structural exposed steelwork makes 
up various elements of the building. This 
kind of focused attention to detail within 
the building’s structure creates its distinc-
tive look and feel. 

Key elements of the engineering de-
sign include:

An internal ‘street’ between the north and  N

south wings features composite bridges 
on each level connecting the two wings. 
Composite steel sections were used to en-
able 17 m clear spans. Some of the bridges 
only span halfway over the street as the 
architect wanted to create the illusion of 
open space in the street and hence these 
bridges and the link walkways are hung 
from the steel roof trusses enclosing the 
street. The bridges cross two expansion 
joints in the east-west direction of the 
building and independent slotted holes 
were introduced in the main beams to 
allow for horizontal movement.

The main steel trusses over the street  N

form an arch complementing the curved 
concrete clad spider frames externally.
The main entrance features partially cov- N

ered trusses, which allow natural light to 
enter the building. In turn, these trusses 
support a copper display ring which 
accentuates a feeling of grandeur when 
walking through the main entrance. 
To the east and west, the street is closed  N

off with glazed façades. 
To the north and south of the  N

building, the external steel balconies 
and spiral staircases create a strong 
aesthetic impact.

CONSTRUCTION OVERVIEW 
The DIRCO building consists of five blocks 
spread over a large footprint. The contractor 
treated the blocks as separate buildings, 
each with its own site agent and foreman. 
An extremely short design and construction 
period meant that thorough planning of the 
design was of critical importance. 

According to the information sched-
ules, approximately four to five fully 
designed slabs per week had to be issued 
to the contractors. This placed Aurecon 
under pressure to produce design draw-
ings and bending schedules within a short 
space of time. A performance specifica-
tion was drawn up which was then given 
to design engineers in different offices to 
be used as a guide for the design of the 
slabs. These were conventionally rein-
forced 425 mm thick waffle slabs with 
325 mm deep coffers, which allowed for 
easy monitoring of quality. 

The southern building is accessed 
from the northern side via enclosed glazed 
bridge links which connect the two build-
ings. These bridges are also a display for 
three-dimensional art works on the inside, 
and mosaic art features on the outside. The 
requirement of a 17 m clear span concrete 
slab over the street area necessitated the 
use of a composite slab system consisting of 
steel beams supporting Bond-Dek decking 
panels with a 150 mm thick concrete slab. 
This is an excellent example of how innova-
tive construction eliminates the need for 
expensive multi-volume propping.

The complexity and sophistication of 
the building provided many construction 
challenges, including the following:

Trusses
The geometric complexity of the struc-
ture, accentuated by horizontal curves, 
long spans, expansion joints, additional 

loads applied by the hangers, and hori-
zontal movement of both wings, induced 
a straightening effect in the arched 
steel trusses. In order to overcome this, 
concrete kicker boxes were designed at 
either end of the trusses to withstand the 
horizontal forces. These forces were taken 
up by the roof slab and concrete columns 
either side of the street, while slotted 
holes were provided on one end of the 
steel trusses to accommodate horizontal 
movement of the north and south wings. 

Spider columns
On the outside, vertically and horizon-
tally curved spider columns drape from 
either side of the building, which tie up 
to the arched roof. The columns are very 
slender and are only fixed on top and at 

2
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the bottom. To brace these loose standing 
features, guyed wires were introduced to 
tie each column back to the ring beam of 
the building. Not having any horizontal 
or vertical bracing creates the impression 
that the spider columns are ‘floating’.

UNIQUE AND UNUSUAL FEATURES
Spiral staircases
The consulting engineers were tasked 
with making the architect’s vision for dec-
orative multi-storey spiraling access and 
fire-escape staircases a reality. Although 
an engineering challenge to design, the 
staircases were to provide a key feature 
of the building, and their execution was a 
key aesthetic element of the entire project. 

For this reason, the architect would 
not accept the stairs being suspended 

from above using cables, as is usually the 
case. It would have meant the spiral stairs 
had to span from floor to floor and that 
between floors the staircase would have 
had to pass through one complete revolu-
tion of the coil. Because a coil is an inher-
ently unstable structure and the centre 
line of the coil is continually changing 
direction, any force applied to the coil is, 
in essence, an out-of-plane force. Under 
load, the staircase would act like a spring, 
uncoiling and twisting away from itself. 

Resolving out-of-plane forces in a way 
that would produce a stable structure 
proved quite challenging. The first step 
towards a solution involved taking the coil 
and transforming it into a helix using the 
inner and outer stringers as the cords and 
making the stair treads into rigid links 

between the two, in effect producing a 
three-dimensional Vierendeel frame. This 
allowed the engineers to rely on frame 
action to resolve lateral forces and the 
stiffness of the cords themselves to absorb 
the vertical forces. 

A critical part of getting these staircases 
to work was being able to shed their load to 
the concrete structure at each landing. The 
concrete landing had to support the weight 
of one flight of the staircase and the bending 
moment induced by half of the flight above 

4

2  The new DIRCO building is a 

celebration of texture, form and colour
3  Attention to detail differentiates the 

interior of the new DIRCO building
4  Glazing incorporated into the design of the 

new DIRCO building lets in ample natural light 
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and below the landing. Because the majority 
of the landings are themselves cantilevers 
of the main structure, this required careful 
planning and calculation. Frame and plate 
models were created to help anticipate the 
behaviour of the structure and all stability 
checks, member selection and connections 
were designed by hand.

Blockwork
Another unusual aspect of the building’s 
design is the blockwork. Externally and 
above ground floor, a reddish colour block 
has been used, while in the basement, a 
subtle grey was chosen. This had to be done 
in stack bond instead of a stretcher bond 
which posed various unique problems in 
that the façades on the east and west ends 
of the building were external walls that had 
to be designed for wind loadings. Because 
the brickwork inside would be plastered, the 
contractor opted for standard stock cement 
bricks. The external skin had to be married 
to the internal brickwork, although the 
mortar joints were not on the same level. 
This meant that alternative methods had 
to be used to connect the external stack 
bonded blockwork with the standard brick 
modules on the inside. In addition, due to 
the stack bond blockwork, 2 x 5,6 mm di-
ameter reinforcements had to be introduced 
in every second layer of blockwork to mini-
mise the amount of vertical cracking.

Spider columns
The architect wanted the spider column 
theme throughout the building. Due to 
the short construction programme, it 
would have been extremely costly and 
time-consuming for the contractor to do 
the columns with their changing shapes in 
off-shutter concrete. (Manufacturing spe-
cial shuttering to create this effect would 
have caused delays). The solution used was 
to fix structural steel onto the cast-in-situ 
standard concrete columns with precast 
concrete finishing achieving the vertical 
and horizontal curved shapes. Double 
sliding fixing plates were introduced on the 
columns straddling expansion joints. 

ENVIRONMENTAL IMPACT
Economy of light
The clever use of natural light means the 
building utilises as little electrical power 
for lighting as possible. Light shelves on 
the north façade serve three functions: the 
external portion shades the area of glass 
immediately below it; the top surface, clad 
in reflective steel, serves to bounce natural 

light back into the top glazed portion and 
provides a trafficable surface for access to 
clean the façade; while the internal portion 
of the light shelf is a continuation of the 
same principle. Coupled with light sensors 
that control the outer zones of lighting, 
the building envelope performs its task 
outstandingly well.

Economy of water
The building’s water model includes the 
following systems: 

Grey water is captured in large  N

storage tanks in the basement and re-
circulated to the toilets for flushing. 
Rainwater and borehole water  N

are captured and retained for 
use in general irrigation. 
Porous planted paving is used exten- N

sively in order to reduce surface run off. 
A retention dam is incorporated on  N

the site in order to control outflow into 
the municipal storm water system. 

A positive work environment
Employees are one of an organisation’s 
most valuable assets. In order for them 
to perform at their best, an environment 
commensurate with this sentiment should 
be created. DIRCO embodies this vision 
to perfection with careful design features 
that ensure employee comfort:

Visual connectivity to the outside  N

environment is maintained and 
natural light cleverly introduced 
via strategically placed glazing.
Computer screen glare is reduced by the  N

screening effect of the perimeter offices.
The height of storage ele- N

ments and desking has been 
minimised for maximum views 
of the outside environment.
Wide circulation routes create  N

adhoc meeting environments. 

CONCLUSION
The DIRCO project is an engineering 
triumph of vision enacted and aesthetic 
challenges solved. The 150 000 m2 

campus showcases the Department 
and promotes national interests. This 
project has successfully provided the 
Department of International Relations 
and Cooperation with a home in which 
to enact its vision. The new DIRCO 
building is very different from the 
disjointed buildings that housed the 
Department previously. It has unified 
operations to present a world-class state-
ment to international visitors. 

The clever use of natural light means 
the building utilises as little electrical 
power for lighting as possible. Light 

shelves on the north façade serve three 
functions: the external portion shades 

the area of glass immediately below it; 
the top surface, clad in reflective steel, 

serves to bounce natural light back into 
the top glazed portion and provides a 

trafficable surface for access to clean 
the façade; while the internal portion 

of the light shelf is a continuation of 
the same principle. Coupled with light 

sensors that control the outer zones 
of lighting, the building envelope 

performs its task outstandingly well



INTRODUCTION
The construction of the Ozwathini 
Water Supply Scheme for the Gcwensa, 
Mlamula and Phambela communities 
in the Ilembe District of KwaZulu-
Natal has had a major impact in im-
proving the life of the people and was 
a tremendous success as a community-
based project.

Apart from providing a reliable po-
table water supply and local job opportu-
nities, the project embraced community 
outreach initiatives, which included, inter 
alia, career guidance, book donations at 
high schools, in-service-training opportu-
nities and skills transfer.

This contract was carried out within 
the 2007/2008 and 2008/2009 financial 
years with Municipal Infrastructure 
Grant Funding and was handed over to 
the Client within the contract period.

BACKGROUND AND PURPOSE
SSI Engineers and Environmental 
Consultants prepared a business plan 
for the Ilembe District Municipality 
in August 2005 to provide details of 
the Ozwathini Water Supply Scheme. 
The business plan was approved by the 

Ilembe District Municipality and was 
then submitted to the Department of 
Water Affairs for appraisal. 

Subsequently, due to the high budget 
submitted together with the initial 
business plan for the whole area, it was 
decided to rather submit four separate 
business plans for the Ozwathini area, 
thereby ensuring more manageable 
costs and implementation times. 

These business plans were then 
prioritised by the Ilembe District 
Municipality in accordance with per 
capita costs and in accordance with 
political and other considerations. 
The areas covered by the four plans 
were Gcwensa, Phambela, Mathulini, 
Gcwensa Mlamula and Nodwengu. 
This article deals with  contracts that 
were approved by the DWA under the 
Gcwensa/Phambela and Gcwensa/
Mlamula business plans.

A total of 30 860 people 
(3 857 households with an average 
household size of eight persons) 
have received basic level of supply 
as a result of the construction of 
the Ozwathini-Gcwensa/Mlamula 
and Phambela Schemes. The esti-
mated population-split by Tribal 
Authority is as shown in Table 1.

The project implementation 
cost for the Gcwensa/Phambela 
and Gcwensa/Mlamula schemes 
is R38 million (including escala-
tion, contingencies and VAT).

KEY PLAYERS
Client Ilembe District Municipality
Professional Team SSI Engineers &  
Environmental Consultants (Pty) Ltd
Nokuthula Dube & Associates
Geomeasure (Pty) Ltd
Buk’indalo Consultants
Main contractor Hidrotech Infra (Pty) Ltd
Major Subcontractors and Suppliers  
CIVE Contractors, GLR Props 001 cc T/A  
Ingonyama-Nicon, API Pumps

OZWATHINI WATER 
SUPPLY SCHEME

WINNER – 
Community-based  
Projects category
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Ozwathini Water Supply Scheme

Table 1  The estimated population-split by Tribal Authority

District Municipality Tribal Authority Estimated  Population

Ilembe District Municipality Gcwensa/Mlamula 18 590

Ilembe District Municipality Gcwensa/Phambela 12 270

Total 30 860

1  Reservoir site, Ozwathini
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THE PROJECT AREA
The project area is located in the KwaZulu-
Natal Midlands and may be accessed via 
Main Road 614 between Wartburg and 
Tongaat. Bamshela, the main business 
centre in the Ozwathini area, straddles 
Main Road 614 and is approximately 45 km 
from both Wartburg and Tongaat.  

THE SITE
Before construction commenced, an 
Environmental Record of Decision (ROD) 
was obtained and an Environmental 
Management Plan (EMP) prepared by 
independent environmental consultants 
(Buk’Indalo). This EMP was closely ad-
hered to during the construction.

DESCRIPTION OF PROJECT AND 
CONSTRUCTION TECHNIQUES
The scheme was designed according to 
DWA guidelines for community water 
supply for basic level of service, i.e. a 
supply of 25 ℓ/person/day at communal 
standpipes located, as far as possible, 
within 200 m walking distance from 
households. Storage is targeted at 48 hours 
at 25 ℓ/person/day with 20% allowance for 
losses. Reticulation pipelines have been de-
signed to deliver at least 24 litres per minute 
(0,04 ℓ/s) to each communal standpipe, with 
some surplus capacity being built into the 
reticulation system in the  anticipation that 
a limited number of households, businesses 
and institutions will obtain private connec-
tions in due course.

The principal source of supply for 
Ozwathini is boreholes, drilled and devel-
oped during a drilling programme under-
taken by Geomeasure. All borehole water 
is dosed with chlorine to reduce the risk 
of contamination. The pumping system 
has been designed to match the design 
yields of the boreholes.

The remoteness of the site called for a 
simple design which would make provi-
sion for most of the work to be done by 
local labour using picks and spades, and 
hand-stampers during the backfilling 
process. The contractor assisted the 
labourers through the introduction of a 
T.L.B and 12 ton Excavator to undertake 
rock excavation. 

TRAINING AND JOB CREATION
Apart from providing much needed in-
frastructure, one of the objectives of the 
project was to provide local work oppor-
tunities and skills training.

The contracts provided two emerging 
contractors, Igagasi Consulting Services 
and Masabele Project Management, the 
opportunity to further their knowledge in 
the civil engineering fields, as both con-
tractors had not been exposed to working 
in the water sector before. These contracts 
also helped to empower women, as Igagasi 
Consulting Services is owned by a lady, 
Sibongile Mthiyane. 

Ms Z Mbense, a technical 
trainee from one of the Universities 
of Technology, completed her P2 
in-service training on the site. 
Ms Z Shawuka, a civil engineering grad-
uate, had the opportunity of working 
on site and broadening her knowledge 
in the water sector. This enabled her to 
return to the office to apply her know-
ledge in the design environment.

At the beginning of the contract a 
dedicated project steering committee 
(PSC) was appointed by the councillors of 
the wards. The PSC played a major role in 
recruiting labour for the contractors. This 
was a sensitive issue that had to be han-
dled with care, as various wards and tribal 
authorities were involved. 

During community meetings it was 
decided that the labour count would be 
split 50/50 between men and women, 
thereby helping to empower the women in 
the Ozwathini area.

The contractors also had the op-
portunity of identifying potential 
candidates whom they had trained as 
plumbers and gang leaders to assist 
them in other contracts.

Significant skills training took place 
which included: laying of pipes, instal-
lation of  fittings and valves, bricklaying 
and plastering, mixing of concrete, 
working with concrete and related tools 
(floats, spirit levels, fishline etc), working 
with generators and water pumps, 

pressure testing of pipeline, steel fixing, 
health and safety issues (which were dis-
cussed at monthly meetings). 

SCHOOLS OUTREACH PROGRAMME
The intention of the schools outreach 
programme was to enhance knowledge 
and offer brief guidance in terms of career 
choices, particularly with regard to the 
engineering industry, and more spe-
cifically the civil engineering profession. 
Representatives visiting the schools in 
the Ozwathini area were armed with the 
SAICE career guidance video.

SOCIAL RESPONSIBILITY 
Due to the nature and size of the project, 
close working relationships needed to be 
established with the communities. This 
resulted in a number of initiatives which 
further enhanced the outcomes of the 
construction activities.

The following issues were for example 
addressed in the community (with as-
sistance from the Independent Social 
Developer):

Poverty alleviation N

Transfer of skills N

Job creation N

Empowerment of women N

Health and hygiene N

Bank accounts were opened  N

for local labourers 
Arrangement for Identity Document  N

application were made with the 
Department of Home Affairs – they 
in fact came out to the project area 
for the benefit of those who did 
not have IDs. The youth benefited 
significantly from this initiative.
Infrastructural development  N

of the Ozwathini area
Empowerment of committee mem- N

bers through life skills workshops
Awareness on ways of pre- N

venting cholera
Community awareness meet- N

ings regarding health and hygiene, 
and ways of saving water.

CONCLUSION
The project was completed successfully 
(thanks to the efforts of the Implementation 
Agent, Project Steering Committee, 
Technical Managing Committee, 
Social Consultant, Contractors, Local 
Community and the Consulting Engineer) 
and handed over to the Ilembe District 
Municipality by SSI Engineers and 
Environmental Consultants. 

2

2  Reservoir construction – steel fixing



INTRODUCTION
The new Cunene River Bridge is an 
excellent feat of engineering achieved 
under extremely challenging conditions. 
The bridge links the major cities of 
Lubango and Ondjiva in south-western 
Angola, and replaces a host of tempo-
rary structures that were used to span 
the Cunene River after the last perma-
nent structure had been destroyed early 
in the Angolan conflict. The strategic 
location of the old bridge as the main 
link between Angola and other southern 
African countries made it a prime target 
during the civil war. 

The Angolan Roads Agency (INEA) 
appointed Aurecon, together with its 
joint venture partners Gabeng and 
BKS, for the design and preparation of 
bid documents. This joint venture was 
also responsible for site supervision. 
The Angolan Government invested ap-
proximately US$49 million in the project. 
Construction on the 880 m long bridge 
began in January 2007, and its inaugura-
tion took place on 14 September 2009. 

1  Construction of the new bridge over the 

Cunene River at Xangongo in Angola – view 

of completed concrete substructure

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

S A I C E  –  M U R R A Y  &  R O B E R T S  S T E E L 

C A T E G O R Y :  I N T E R N A T I O N A L  P R O J E C T S 

KEY PLAYERS
Client Institudo de Estradas de Angola
Professional Team Aurecon in joint venture with BKS and Gabeng
Main contractor China Road and Bridges Corporation

CUNENE RIVER BRIDGE, XANGONGO

WINNER – International Projects category
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Xangongo
Cunene River Bridge, 

1
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Logistical and natural challenges on 
this project included landmines, floods 
during the rainy seasons, the width of the 
river, lack of skilled labour, difficulty in the 
acquisition of building materials due to the 
distance from commercial centres, lack of 
good aggregates, long supply lead times, 
importation procedures and border delays. 

PROJECT OVERVIEW
The crossing site for the new bridge is 
located 20 m downstream of the remains 
of the original bridge structure over the 
Cunene River, northwest of the village of 
Xangongo in the Cunene Province. The 
bridge spans a perennial river channel of 
approximately 100 m and then crosses 
the flood plain of the river for a distance 
of 780 m to the start of an embankment 
which traverses the remainder of the flood 
plain. The plain is regularly inundated 
during the rainy season, which starts 
from approximately November each year 
and lasts to the end of March of the fol-
lowing year. For a large part of this period, 
the flood plain is often inaccessible due to 
the high level of the river.

DESIGN APPROACH AND AESTHETICS 
From the start it was clear that the poor 
foundation conditions would lead to a 
bridge configuration with fairly long 
spans and a deck as light as possible. It 
was found that a 50 m span length and 
a composite steel/concrete deck type of-
fered the most economical solution. 

The design concept, using precast slab 
deck and manufactured steel girder sec-
tions, also meant that the new bridge could 
be completed in the shortest time possible.

Hydrology and hydraulics
The Cunene River at this location has 
a catchment area of 52 400 m2. The 
maximum measured flood occurred 
in 1951. The peak flood was estimated 
to be 14 180m3/s and more than 50 years 
later a higher flood has not been recorded. 
A free board of 2 m above the maximum 
recorded flood level was provided.  

The river is not very stable and the 
main channels shift after each flood 
season. Therefore the bridge had to have 
an opening long enough to accommodate 
the different main channel positions. 

UNIQUE FEATURES
It was important to the Client that the new 
bridge should be completed by the deadline. 
This had an influence on many aspects of 
the design philosophy. The contractor’s con-
struction sequencing and turnaround times 
played a significant part in the detailed 
design of the bridge works. In this region, 
concrete aggregate is scarce and has to be 
hauled from a long distance to the site. This 
led to the design of an economic solution in 
the form of a composite deck. The special 
features of the bridge include: 

Composite construction
The choice of a composite construc-
tion design utilising structural steel box 
girders and a concrete deck had the fol-
lowing advantages:

Reduced weight of the structure which  N

in turn reduced the size of foundations 
required 
Structural steel substructure could be  N

manufactured in parallel with the con-
struction of the concrete substructure

Reduced construction period required  N

for launching of structural steel box 
girders and no staging and formwork 
required

Once the structural steel box girders 
had been launched into position on the 
concrete substructure, construction of 
the concrete deck could continue un-
interrupted and was not affected by the 
flooding river.  

Concrete precast decking
The concrete deck consists of 1 384 pre-
cast concrete elements with in situ cast 
strips in-between. This method reduced 
construction time, as a large propor-
tion of the deck could be manufactured 
while the construction of the box girders 
and substructure was in progress. 
Construction time of the concrete deck 
was considerably reduced thanks to the 
speed of placing the precast elements, 
and the reduced requirement for form-
work before fixing of reinforcement and 
placing of concrete in the connection 
strips. Eventually a monolithic con-
tinuum deck slab was provided to form 
the composite section. 

Steel box girders
A comprehensive quality assurance re-
gime was put in place to ensure that the 
highest standards and quality of work-
manship was maintained. The contractor 
engaged a special team of quality control 
inspectors from the China National 
Construction Steel Quality Supervision 
and Test Centre to conduct quality con-
trol testing both in the factory and on 
site. All welds were radiographically and 

2 3
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ultrasonically tested in the factory and on 
site to ensure the integrity of each weld. 
Since the girders would spend a long time 
at sea while being shipped from China 
to Angola, a comprehensive corrosion 
protection coating was specified for the 
structural steel girders. 

The use of steel box girders ensured 
that the biggest part of the bridge could 
be fabricated in workshop conditions 
with limited on-site welding. This 
ensured the quality of workmanship, 
while the testing of welding was better 
controlled. Furthermore, the relative 
light-weight steel construction ensured 
that the main structural element of the 
bridge could be launched from one side. 
The partially precast concrete deck slab 
with in situ infill panels was advanta-
geous toward the overall construction 
programme. The manufacturing of pre-
cast panels started at the same time as 
the construction of the steel box girder. 
Only after the construction of the in situ 
concrete infill, did the structure behave 
in a composite manner.

Unusual construction aspects
Foundation
Using a temporary fill, a working platform 
on the flood plain was created so that 
piling work would not come to a halt 
during the five months of the year when 
the flood plain was inundated. This ena-
bled the 110 friction piles to be constructed 

in the shortest time possible. End tipping 
was the chosen method for the piling 
works of the bridge abutments. The same 
method was also used for the piers in the 
secondary channels of the river.

Deck construction 
The construction of 142 box girder 
sections began in China while, at the 
same time, 1 384 precast concrete deck 
slabs were being constructed on site in 
Xangongo village, Angola. Before ship-
ping the girder sections to Namibe Port 
in south-western Angola, the girders 
were pre-assembled in the fabrica-
tor’s yard in China to ensure fit-up and 

alignment of all girder sections. The posi-
tion of each girder section was noted and 
marked to ensure proper fit-up and align-
ment when assembling and welding the 
girders on site. Upon arrival in Angola, 
the girder sections were trucked 600 km 
to site – a challenging logistical under-
taking in its own right. An assembly and 
welding yard was set up on site at one 
end of the bridge to weld the consecu-
tive girders together. All site welds were 
ultrasonically and radiographically ex-
amined on site to ensure the integrity of 
each weld. The sections were then incre-
mentally launched using hydraulic jacks 
from the one end of the bridge. 

4

52  Girders being transported in Angola
3  Launching in progress

4  Precast concrete deck panels on girders
5  Completed bridge open to traffic
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Concrete deck slabs
The bridge deck consists of precast 
concrete panels and in situ concrete 
strips designed to act in a composite 
fashion with the structural steel box 
girders. The advantage of constructing 
the deck using precast panels was that 
the casting of the panels could com-
mence independently and ahead of 
the fabrication and launching of the 
structural steel substructure of the 
bridge. Since this reduced the time 
required to complete the bridge, the 
contractor commenced the fabrication 
of the precast panels well in advance. 
The 1 384 precast panels were finished 
in good time, i.e. before the launching of 
the box girders had been completed.     

At the end of February 2009, the 
contractor placed the first precast 
concrete deck panels on the box girder 
and this process continued without 
interruption until all the precast panels 
had been placed. Simultaneously, the 
contractor commenced aligning and 
levelling the panels in readiness to fix 
reinforcement and formwork. The first 
span of in situ concrete deck strips was 
cast on 30 April 2009 and work pro-
gressed smoothly, with the concreting 
of the deck finally being completed on 
10 June 2009.

Dimensions
The new bridge is 880 m long, com-
prising sixteen spans of 50 m each and 
two spans of 40 m each. The spans are 
formed by a composite steel and con-
crete deck structure, with an overall 
width of 11 540 m, on piers supported 
on 1,2 m diameter friction piles, up to 
30 m in length, founded in a silty clay, 
and retaining wall type abutments. The 
concrete deck, which comprises two 
traffic lanes of 4,5 m each, is surfaced 
with a 40 mm thick asphalt carpet. 
Pedestrian walkways, 1,5 m wide on 
each side of the deck, are provided with 
steel guard rails installed on the outer 
edges of the structure for the full length 
of the bridge. Pedestrians are protected 
by 1 m high steel guard rails, which are 
of  the collapsible type so that repairs 
can be made after impact with relatively 
little reconstruction. 

PROJECT CHALLENGES
The following are a few of the many 
challenges experienced on this complex 
project:

Lack of skilled local  la- N

bour in the region.
Difficulty in acquisition of aggregates. N

Complexity of construction due to the  N

sophistication of the bridge design.
Long lines of supply from China  N

and South Africa for the pro-
curement of cement, rebar and 
other building materials.
Extremely poor condition of roads  N

which made the 600 km transport 
from port to  bridge site very dif-
ficult and time-consuming.
Communication difficulties – the  N

majority of the contractor’s expatriate 
staff did not speak English and all 
communication therefore had to take 
place via an interpreter, who was not a 
technical person; site meetings often 
took place in four languages (English, 
Portuguese, Chinese and Afrikaans).
The design of the piles for the founda- N

tions of the bridge was based on the 
results of a geotechnical investigation 
which indicated that bedrock with a 
suitable bearing capacity was present 
at a depth of approximately 10 m 
below the river bed. Based on this, 
an end-bearing oscillator pile was 
specified for the project. However, 
when the contractor began the founda-
tion investigation on site to prove the 
founding depth for the piles, no hard 
sandstone horizon was encountered 
at all, despite drilling down to a depth 
of 60 m. After consultation with the 
backstop engineers at Aurecon’s office 
in Pretoria, it was decided to change 
from an end bearing type pile to a 
friction type, with a length of between 
25 m to 30 m into the highly weathered 
sandstone and silty clay substrata.

CONCLUSION
Despite all the challenges, the Cunene 
Bridge was completed successfully and 
stands proudly in the mighty Cunene 
River as the longest bridge in Angola. 
Through the construction of this bridge 
the uncertainty of commercial and non-
commercial transit between the north 
of Angola and southern Africa has been 
reduced. During construction the tem-
porary bypass was cut off three times as 
a result of flood damage to the temporary 
causeway, bringing traffic to a halt and 
endangering perishable goods to Angola, 
as well as the transport of sick people to 
the main hospital in Ondjiva from the 
neighbouring villages and towns. 

The design of the piles for the 
foundations of the bridge was based 

on the results of a geotechnical 
investigation which indicated that 

bedrock with a suitable bearing 
capacity was present at a depth 

of approximately 10 m below 
the river bed. Based on this, an 
end-bearing oscillator pile was 

specified for the project. However, 
when the contractor began the 

foundation investigation on site to 
prove the founding depth for the 
piles, no hard sandstone horizon 

was encountered at all, despite 
drilling down to a depth of 60 m



PROJECT OVERVIEW
The world-renowned Dubai World 
Cup horse racing event at the Meydan 
Racecourse in Dubai is the richest event 
of its kind in the world today. With the 
increased popularity of horse racing, 
the Dubai Racing Club decided to rede-
velop the Nad Al Sheba Racecourse and 
incorporate the facility into the new 
Meydan Development. 

The Dubai Roads and Transport 
Authority (RTA) appointed Aurecon in 
joint venture with Al Burj Engineering 
Consultants for the design, tender 
documentation and construction 
supervision of the new road network, 
including bridges, for the Meydan 
Development. One of the key chal-
lenges of the project was the require-
ment to complete the work on time 
for the 2010 Dubai World Cup event. 
Construction on the first phase of 
the road network, with a cost of AED 
1,088 billion (R2,2 billion) commenced 
in August 2007 and was completed on 
schedule at the end of March 2010.

The first phase of the project con-
sisted of the construction of the new 
Meydan racecourse facility, grandstand 
and hotel, approximately 4,5 km of an 
8-lane dual carriageway, two access 
bridges and the signature VIP Bridge. 
Also forming part of the first phase 
was the construction of a 50 m wide 
navigable canal and bridge to carry the 
main road over the canal, which will 
eventually connect the Dubai Creek to 
the main grandstand. In addition, the 
stable facilities and the existing golf 
course would be expanded and a mixed 
use development be added in the future.

The VIP Bridge is a special feature 
of the development, providing vehicle 
access to the main racecourse stadium 
from Meydan Road. The main span of 
the VIP Bridge is 80 m long. It is also 
adorned with innovative, artistic steel 
and aluminium composite cladding in 
the shape of waves. The architectural in-
spiration for the VIP Bridge was a horse’s 
flowing mane, with horses being an inte-
gral part of the Meydan Development. 

The Meydan Development can 
essentially be divided into two main 

components – the Meydan Racecourse 
and its amenities, and a mixed-use resi-
dential and commercial development. 
The project site is located in the vicinity 
of the current Nad Al Sheba horse 
and camel racecourses, as well as the 
westernmost portion of the Ras Al Khor 
industrial area.

SCOPE OF WORKS
In addition to the reconstruction of 
Muscat Road and the provision of access 
roads to the Nad Al Sheba Racecourse, 

KEY PLAYERS
Client Dubai Roads and Transport Authority
Professional Team Aurecon in joint venture with Al Burj Engineering Consultants
Main contractor Afcons Infrastructure Limited
Architect Theo A Khing Design Consultants

MEYDAN DEVELOPMENT, DUBAI, UAE

International Projects category
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Meydan Development, Dubai

1  The Meydan VIP Bridge, which drew its 

inspiration from a horse’s flowing mane, stands out 

against  the city centre of Dubai in the background 
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the scope of works included the con-
struction of four bridges (including 
the VIP Bridge), 4,6 km of road works 
between Al Ain/Muscat Road and the 
existing mosque on Muscat Road, the 
diversion of existing service lines, the 
raising of two 400 kV overhead power 
lines, the construction of a section of 
the marine channel, and landscaping.

THE BRIDGES THAT  
FORM PART OF THE PROJECT
VIP Bridge – Bridge MDN 2 
Completed in March 2010, this bridge is 
the VIP access to the grandstand, pro-
viding  vehicle access from Meydan Road. 
The VIP Bridge is adorned with innova-
tive, artistic steel cladding in the shape of 
waves which represent a horse’s flowing 

mane. The steel cladding takes the form 
of a complex three-dimensional shape 
that was challenging to model, design 
and manufacture. The lighting on the VIP 
Bridge forms a special feature.

Bridge MDN 1A – Interconnecting bridge
Bridge MDN 1A was completed in 
February 2010 and carries two lanes of 
a directional ramp from the exit of the 
grandstand across Meydan Road. Bridge 
MDN 1A consists of a post-tensioned con-
crete box girder. This construction method 
allowed the bridge to be constructed to 
follow the combination of horizontal and 
vertical curvature of the road.

Bridge MDN 3D – Interconnecting bridge
Bridge MDN 3D was also completed in 
February 2010 and carries two lanes of a 
directional ramp as entry to the grandstand 
across Meydan Road. Bridge MDN 3D con-
sists of a post-tensioned concrete box girder. 

Main Bridge over canal
The Main Bridge carries six lanes of 
Meydan Road over the canal and was 
completed in March 2010. This bridge is 
a total of 450 m long, with a central span 
of 60 m across the 50 m wide canal. The 
central 60 m span consists of four variable 
post-tensioned box girders. The approach 
fills consist of terraced embankments 
which will be landscaped at a later stage.

CONSTRUCTION 
Construction planning
The programme for the design and con-
struction of the roads was dictated by the 
requirement to have the Meydan develop-
ment operational for the Dubai World 
Cup event in March 2010. The first phases 
of the road network therefore had to be 
completed by November 2009 and the 
remainder by February 2010. 

Bridge construction
The impressive VIP Bridge forms the 
main visual focus of the development, 
while two interconnecting bridges and 
ramps are intended for guests accessing 
the racecourse stadium, with Main Bridge 

2
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4

2  Construction of the Main Bridge over the canal
3  VIP Bridge detail

4  The project included the construction 

of an 8-lane dual carriageway
5  Two icons competing for attention – the 

Meydan VIP Bridge and the Burj Khalifa 

Tower, the tallest building in the world 
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carrying Meydan Road over the canal. 
All the bridges were constructed as post-
tensioned concrete box girders. 

After the concept for the VIP Bridge 
had been finalised, different structural 
engineering systems were considered. The 
two likely options were a steel box girder 
or a post-tensioned concrete box girder. It 
was decided to construct the VIP Bridge 
as a post-tensioned concrete box girder, 
for the following reasons:

The construction of concrete box  N

girders is well known in the local 
construction industry, whereas steel 
bridges are less common.
The steel elements would have to be  N

manufactured offshore, whereas con-
crete was readily available.
With the tight schedule to complete the  N

bridge by March 2010, there were too 
many risks in delivering a steel bridge. 
The inherent durability of concrete  N

in the aggressive local climate also 
favoured this option as opposed to the 
higher maintenance of a steel bridge.
There was only a small cost differential  N

between the steel and concrete options..

The aesthetic appearance of off-shutter  N

concrete and the limitless forms and 
shapes that concrete can be moulded 
into, were some of the added benefits 
of using concrete as the primary struc-
tural material.

Construction of road network 
The roads providing access to Meydan 
were constructed as the first phase of the 
future road network in the area. The road-
ways were constructed as sand embank-
ments  and subgrade, aggregate subbases 
and roadbases, and an asphalt wearing 
course. Special decorative street lighting 
posts were manufactured for the project.

UNIQUE AND UNUSUAL FEATURES
The complexity of the project lay in the 
planning and tendering of various com-
ponents of the works in order to meet 
the extremely tight deadlines. Tender 
documents had to be compiled in such a 
way that phasing of the works could be 
accommodated. Tendering of the main 
contract could therefore not be delayed 
until designs for all the components of the 

works had been completed. In particular, 
the concept for the VIP Bridge was not 
finalised at the time when the main works 
were tendered. As a consequence, the VIP 
Bridge was designed and tendered as a 
separate package. Particular conditions in 
terms of availability of the site for works 
for different contractors were therefore 
included in the tender documents. The 
cladding of the VIP Bridge was also ten-
dered as a separate package within the 
VIP Bridge contract. Again, particular 
conditions had to be included to set dead-
lines for works to be completed by various 
contractors and subcontractors.

CONCLUSION
The successful cooperation between the 
client, consulting engineering joint ven-
ture, consultants and architect ensured 
that the construction of the road network 
and the bridges were completed in time 
for the 2010 World Cup event at the 
Meydan Racecourse. The project was a 
contribution to the ultimate success of the 
event and now forms an integral part of 
the Meydan landscape. 

5
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1  WINNER

Reflections

Photographer: Nicky Coetzee

2  FIRST RUNNER-UP

Primary Colours

Photographer: Margaret Collins

3  SECOND RUNNER-UP

Arch Triumph

Photographer: Mike van Heerden
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Gallery of Winners
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P R O J E C T  A W A R D S :  W I N N E R S  A N D  F I N A L I S T S

S A I C E  –  M U R R A Y  &  R O B E R T S  S T E E L 



Civil Engineering | December 2010 99

5 6

1  Joint winner in the category 

Technical Excellence

Project: Port of Ngqura

From left: Neville Eve, Peter Viljoen,  

Pearl Kupe, Rudie Basson, Mervin Joseph
2  Joint winner in the category 

Technical Excellence

Project: Soccer City Stadium

From left: Neresh Pather, Pankaj Bhulla, 

Hans Koorn, Ali Naidu (SAICE President), 

Sarmashni Naidu, Shaun Ramsurap

3  Highly commended in the 

category Technical Excellence

Project: Gautrain Viaduct V5c

Johan Kotzé received the award 

on behalf of Aurecon
4  Highly commended in the 

category Technical Excellence

Project: Moses Mabhida Stadium

Smiling proudly: Siyanda Ngebulana

5  Highly commended in the 

category Technical Excellence

Project: King Shaka International Airport

From left: David Schoultz, Ernst Fourie
6  Special recognition in the 

category Technical Excellence

Project: Life beyond our rivers 

– Sedgefield case study

From left: Francis Gibbons, Rodney Nay, 

Hennie Erwee, Andrew Finn, Johnny Douglas
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7  Winner in the category 

Community-based Projects

Project: Ozwathini Water Supply Scheme

From left: Francis Gibbons,  

Dumisani Khoza, Bonga Ntuli
8  Winner in the category 

International Projects

Project: Cunene River Bridge, Xangongo, Angola

Johan Kotzé received the award on behalf of Aurecon
9  Winner of the SAICE Photo Competition

Nicky Coetzee
10  Special Award for Meritorious Service 

This award was made to Vittorio Beretta for his 

many years of service towards the professional 

registration of civil engineering practitioners 
11  Joint winner of the SAICE Magazine 

2009 Most Supportive Advertiser Award

Advertiser: Concrete Manufacturers 

Association (CMA)

Silvio Ferraris (CMA President)
12  Joint winner of the SAICE Magazine 

2009 Most Supportive Advertiser Award

Advertiser: TECHNoCAD

From left: Olaf Saether and Peter Webb
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SAICE 2011 essay topics  
for professional registration
The current process of registration with 
the Engineering Council of South Africa 
(ECSA) was implemented in January 1998. 
The ECSA "Discipline-Specific Guidelines 
for Civil Engineering" of February 2003, 
Clause 6.5, indicates that two essays will 
have to be written by candidates:

The first essay will be on one of two  N

technical subjects set by the reviewers 
in the context of the training report and 
the interview.
The second essay will be on one of two  N

topics selected by the interviewers from 
a list published in advance by SAICE.

Guidance notes for the assessment of 
essays are set out in the Guidelines 
for Professional Registration of Civil 
Engineers, available from the Institution.

The topics for the second essay for 
2010 are listed below, and have been 
approved by the Professional Advisory 
Committee on Civil Engineering at ECSA:

1.  Referring to your own experience dis-
cuss the way in which the resources 
required for either a design project 
or a construction contract should be 
organised and managed in order to 
ensure that technical objectives are 
met and that work is completed on 
time and within budget.

2.  Discuss the most significant influ-
ences, attitudes and strategic issues 
relevant to the total project cycle.

3.  In projects for developing countries 
emphasis is often placed on the need 
for transfer of technology. How can 
this best be achieved in practice?

4.  Discuss the importance of en-
vironmental regulations on the 
design, documentation, and 
construction of civil engineering 

projects. Use your own experi-
ences to illustrate your argument. 

5.  Although failures may be a disaster 
for the individuals concerned, many 
have led to advances in theory, 
design and construction methods. 
Discuss how failures should be dealt 
with so as to ensure the maximum 
benefit to society and the engi-
neering community.

6.  Discuss the opportunities and threats 
inherent in industrial and infra-
structure projects which impact on 
local communities, and the role civil 
engineers can play in delivering value 
to society through their involvement 
in such projects. Use your own experi-
ence where appropriate.

7.  Discuss the difference between 'Quality 
Control' and 'Quality Assurance'. 
Discuss the requirements for quality 
management by clients, designers and 
contractors, and their respective contri-
butions to the success of a project.

8.  Describe how you have implemented 
health and safety legislation on the 
projects you have worked on, and 
detail what opportunities you think 
there are for improving health and 
safety performance.  

9.  Discuss the principle of whole life 
asset management with specific 
respect to municipal infrastructure 
using a single service to illustrate your 
argument.

10.  Risk is inherent in most civil en-
gineering work. Discuss the ways 
in which such risks can affect the 
employer and the contractor, and how 

they can influence the form of con-
tract and the contract price.

11.  "The estimation of costs of schemes 
and their budgetary control is one of 
the key functions of the engineer". 
Discuss how engineers should be 
trained to fulfil this function in design 
and construction?

12.  Identify the areas in which disagree-
ment between a Resident Engineer's 
staff and the Contractor's staff may 
develop. How can good relations 
be achieved between these parties? 
Illustrate where possible from your 
own experience.

13.  Describe the authority of the Engineer 
to delegate decisions to the Engineer’s 
Representative under the General 
Conditions of Contract (GCC) 2010. 
In what circumstances could an 
Engineer vary the level of delegation 
during the construction period? 

14.  Discuss how the application of ethics 
in civil engineering projects or con-
tracts should be regulated in order 
to ensure that the negative impact of 
corruption and similar practices are 
eliminated or at least minimised.

15.  Discuss the role that the civil engi-
neering profession has to play with 
respect to poverty alleviation.

16.   Discuss the impact the Environmental 
Conservation Act has on the planning, 
design and construction of a civil engi-
neering project.

17.  Discuss whether the civil engineer of 
the future should become more of a 
specialist or a generalist. 




