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1. Introduction

Apart from the native animals such as kangaroos and koalas,
among the man-made structures, the first thing that comes to most
people's mind in the image of Australia is the Sydney Opera
House. This is one of the spectacular structures of the 20%
century that is predominantly made of precast-prestressed shell
elements. Prestressed concrete technology has been used in
Australia for over 50 years. An overview of this technology in
Australia is presented in this paper including a brief historical
background, noteworthy structures built of prestressed concrete
and research and development currently being undertaken in this

technology.

2. Historical Background

The use of prestressed concrete in Australia started in the early
1950s.
attributed to the scarcity and high cost of structural steel shortly
after the Second World War .

framed structure to serve as ice-tower (to produce ice for the

Increased interest in this technology at that time can be

An experimental post-tensioned

concrete mixers at the construction site) was constructed at
Warragamba Dam site in 1952, which is one of the first
applications of this technology in Australia 2% (Fig. 1). The first
Australian bridge built with precast prestressed units was at
Bowral, New South Wales in 1952, where factory-to-site usage of
prestressed concrete units proved to be economical and
advantageous 4.
1955 to carry the Bobbin Head Road across the Cockle Creek in

Sydney's northern area .

Another prestressed bridge was constructed in

The use of lightweight concrete panels with post-tensioning
application can be found in a thirty-storey block of flats built in

Melbourne in 1969, which is considered to be the most
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Fig.1 (& -1) - Warragamba Ice Tower, 1952
Courtesy (#2f#) : Sydney Catchment Authority

sophisticated prefabricated concrete buildings in the world at that
time. The Rip Bridge in Brisbane Water, New South Wales is an
arch-shaped prestressed concrete cantilever truss bridge
constructed in 1974 (Fig. 2). The 183 m main span has been
erected by linking the precast segments progressively together
with a lightweight aggregate concrete drop-in span 4.

The above examples gives an idea of the developments in
prestressed concrete technology in Australia in the early days,
where advanced techniques and materials have been used
including the precast segmental construction and lightweight

aggregate concrete.

3. Noteworthy Structures

Several structures including buildings, bridges and towers have
been built in Australia using prestressed concrete. Some of the
unique structures built using this technology are discussed in this
section.

Sydney Opera House :

The Sydney Opera House is world famous for its beauty and
unique shape, and considered to be the busiest performing arts
centre in the world (Fig. 3 a). The conceptual designer of this

structure was a Danish architect, John Utzon, who won the design

(a) Complete View (&%)
Fig. 3(5 & 3) Sydney Opera House (¥ K= —#~x5/\r 2)

- Rip Bridge, NSW, 1974
Source (H£2) : http:/www.virtualtourist.com/m/tt/32ae6/ Photo
by John

Fig. 2(BEH - 2)
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competition in 1957 among 233 design entries. The design
underwent several changes and later taken over by a team of
Australian architects. The construction, which commenced in
1959, was completed in 1973. The main feature of this structure
is the use of about 6000 complex precast segmental elements
(arch shaped ribs and sail-like shells) that are post-tensioned
together by over 350 km length of steel cables 4 (Fig. 3 b). The
construction of these elements and erection of the structure
demanded very high precision that was achieved by the use of
advanced technologies available at that time.

Captain Cook Bridge :

The Captain Cook Bridge, named after the famous explorer
Captain James Cook was built across Brisbane River during 1968
- 1972 (Fig. 4). This is constructed as a precast prestressed
concrete free-cantilever bridge with drop in mid-spans 9. At the
time of completion, the main span of 183 m held the world record
for this type of structures for a period of 3 years, which was
superseded by the 240 m Hamana Bridge in Japan.

Gateway Bridge :

The Gateway Bridge connecting the major cities Gold Coast
and Sunshine Coast was constructed by balanced cantilever
method during 1980 - 1986 (Fig. 5). Stretching 1.63 km over
Brisbane River, the main span of 260 m held the world record for
15 years for a prestressed concrete free cantilever bridge type 6.
The box girder bridge is still the largest prestressed concrete
single box in the world, where the girder is 15 m deep at the pier
with 12 m box width and an overall deck width of 22 m, carrying
6 lanes of traffic. The distinctive shape of the bridge is due to air
traffic requirements, restricting its height to be less than 80 m
above sea level (all features of the bridge including light poles)

while shipping needs demanded a navigational clearance of 55m.

- Captain Cook Bridge in Brisbane, 1972
Source (HH#2) thttp://www.structurae.de/en/structures/
data/str04721.php
Photo by Katrin Janberg

Fig. 4(BHE - 4)

Sydney Olympic Stadium :

The Stadium Australia (now renamed as Telstra Stadium), built
for the Sydney 2000 Olympic games is the largest and most
technically advanced stadium ever built with a seating capacity of
over 111 000 people (Fig. 6). This structure was built during

1996-1999. Prestressed as well as post - tensioned concrete were
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Fig. 5(BH 5)
Courtesy ($21it)

- Gateway Bridge in Brisbane, 1986
. Queensland Department of Main Roads
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widely used in this stadium. This stadium was reconfigured to
accommodate other sporting and cultural events with a current
seating capacity of 80 000 people. In addition to this, there are
several other facilities built in the Olympic Park where extensive

use of prestressing has been used.

Fig. 6 (B & - 6) - Stadium Australia for Sydney Olympic, 2000
Courtesy (#2f#) . Engineers Australia

Eureka Tower :

The Eureka Tower, which is currently under construction in
Melbourne, will be the world tallest residential building upon its
completion in 2005 (Fig. 7). The construction of this 300 m
high, 88-storey tower was started in 2001 with an estimated cost
of $240 million. The unique feature of this building is that ultra-
high strength concrete of 100 MPa is being used in the lower
level columns and 80 MPa in the lower core wall so that the
thickness can be reduced to 750 mm instead of 950 mm if 60
MPa concrete were used 7. Prestressed concrete beams are used
for the floor beams in this unique structure.

It is evident from the above examples that prestressed concrete
has been used in different forms for various structures.
Considering the bridges alone, it can be noted that several types
of bridges have been constructed using diverse materials
including timber, wrought iron, cast iron, masonry, steel,
reinforced concrete and pre-stressed concrete® (Table 1).

Though the number of bridges constructed using timber is about

TR C W TR SNz, BIEA S V7 LI AR~
VR A X PAOFEE L L’CHX@/\%&S PN

ELTHESR, T/, T~ L/7 AP D DA
OfEREDT PC M = AW TEZR SN T

Fig. 7(88- 7) - Eureka Tower in Melbourne (Eureka 277
—SERTFAEE)
Courtesy (1) : Eureka Tower Pty Ltd
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Table - 1 Bridges by Construction Type in Australia (1996 statistics)®
(FT-1 A2 FFUTICHT2BENFIBRE (1996 F£HE)
Construction Type No. of Bridges| % Bridges | Total deck area (m*) |% Deck area
2 W | #4 (%) | SAGTR (m?) | W& (%)
Stcel Beam/Truss/Arch
- 2,378 7.1 1,175,162 15.0
W - b9 7 —F) 16

Timber Beam/Truss/Arch

" _ 14,111 42, 37, e
KAE (- T A - T—F) 2.2 137,148 17.5
Reinforced concrete Slab/Beam/Box
e fihe e " b e 9,723 29.1 1,579,180 20.2
o 20— ME URRAG - H7 - F4)
Pre-or post-tensioned concrete Slab/Beam/Box

a g b Ak 7,082 21. 3,656,85 .
FURALA b Ty )— M (RIS - £ - 46567) 12 R
Other 155 0.5 43313 0.6
Z DAl N o ’
Total
o 33,449 100 7,825,992 100
Bt
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42 %, it comprises only 18 % of the total deck area, because it is
being used only in the smaller bridges in the rural areas. In
contrast, concrete including prestressed and post-tensioned is
being used widely for larger bridges, with prestressed concrete
taking a share of about 46 % of the total deck area. As a result of
scarcity of timber together with the need to replace old timber
bridges, it is expected that the use of prestressed concrete and
other new materials such as fibre composites will increase in

future.

4. Use of External Post-Tensioning in
New Structures and Strengthening of
Existing Structures

Most of the prestressing concrete structures have been designed
and built using conventional post-tensioning methods for cast-in-
situ structures and pre-tensioning for precast products. The use of
external post-tensioning has been fairly limited in Australia
compared to the Europe, USA and Japan. However, the trend
seems to be changing recently. There have been some cases
where external post-tensioning has been used or is being used in
the design of new structures and where this technology has been
applied for strengthening of existing structures.

The Melbourne city link project completed in 2000 was one of
the largest Australia's infrastructure projects. The Western Link
component of the project includes an elevated road comprising a
dual three-lane carriageway with 45 metre spans of match cast,
externally prestressed, post-tensioned box girders. The twin-
elevated viaducts are 5.5 km long and 15 m wide, with nine ramp
structures to the viaducts. It is also the first structure in Australia
to fully adopt external prestressing as longitudinal support
tendons.

Australia's biggest urban road project is the 40 km Westlink
M7 motorway whose major construction started in July 2003.
This provides the key missing link in the Sydney's orbital
network of motorways. The estimated cost of this project is about
$1.6 billion, which is expected to be completed in 2006. This
project sponsored by the New South Wales Road & Traffic
Authority is a design and construct type of contract. It consists of
over 170 bridges, some of which are being currently designed as
precast segmental continuous girder bridges with external post-
tensioning.

External post-tensioning was applied in the strengthening of
the West Gate Bridge in Melbourne. The West Gate Bridge
consists of two multi-span precast concrete segmental box girder
approach viaducts and a central cable stayed steel box girder
Bridge. To ease the traffic congestion, an extra lane was added
by removing the existing emergency stopping lane and modifying
the lane widths. In addition, the capacity of the bridge had to be
increased due to increase in traffic loads. Flexural strengthening
of the main girders was done using external post-tensioning. For

other strengthening requirements, CFRP laminates and sheets has
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been used. This is said to be the largest project using carbon
fibres for strengthening on any bridge in the world 9.

From the above discussions, it is the author's view that the
application of external post-tensioning is yet to be fully
explored/utilised in Australia. 1t is worth mentioning that based
on the Author's personal experience in Japan during the period of
1994-2002, there was reluctance among the designers to adapt
full external prestressing in the early days, which changed
remarkably during 2000 - 2002. Observing such changes, it is
believed that use of external post-tensioning in Australia will

tremendously increase in the near future.

5. Current Research and Developments

Strengthening of Structures Using External Post-tensioning :

With the view that there is tremendous potential in the
application of external post-tensioning in Australia, especially in
the strengthening of structures, there are several research projects
being carried out at the University of Southern Queensland
(USQ) by the author (Fig. 8). Among these, the use of external
post-tensioning for strengthening of headstocks (bent-caps) is
worth mentioning. Unlike traditional flexural strengthening of
beams, the strengthening of headstocks pose some unique
problems due the nature of the structure where both shear and
flexure play important roles. Some interesting results have been
obtained especially on the shear strengthening application where
the size of existing shear crack and the effect of crack repair
makes a tremendous influence on the strength increase of such
members. These results are being adapted for the strengthening
of the portal-frame substructure of Tenthill Creek Bridge in
Gatton (a small town between Brisbane and Toowoomba). It is
worth noting that the main girders of this particular bridge have
been strengthened by external post-tensioning to cater for
increased traffic load (Fig. 9).

Fig. 8(BH - 8) - Strengthening of Headstocks Using

External Post-tensioning

(94 — T I & B BB R EREE)

World First RPC Road Bridge :
The application of Reactive Powder Concrete (RPC) has been
used in pedestrian bridges, including the Sakata-Mirai Bridge in

Japan. However, the bridge over Shepherds Gully Creek Bridge
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Fig. 9(BE - 9) - Tenthill Creek Bridge in Gatton,
Queensland
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- Production of RPC Pre-tensioned
Girders at UNSW
(UNSW LB B3 TLF>v g
RPC #iDELE)

Fig. 10(BE - 10)

Fig. 12 (5H - 12)

Austrahas First Fibre Composite
Bridge Built in Toowoomba
(Toowoomba (CZEFF S iz —X R T 1)
T OWHEEERE)

HEE-11) -

-Prototype of a Prestressed Fibre

Composite Railway Sleeper
(w7 —bEBVWEPC
MARDEIESR)

will be the first bridge in the world to be constructed for normal
highway traffic loading 9. This bridge is being constructed
approximately 150 km north of Sydney replacing an existing
timber bridge. It comprises four traffic lanes plus a footway. This
bridge is designed where the live loading is the maximum of T44
and HLP 320 truck loading.

loading used in Australia is one of the heaviest traffic loads in the

It is worth noting that the live

world. The superstructure comprises of 16 precast pre-tensioned
RPC beams and an in-situ reinforced concrete deck slab. The slab
is placed onto thin precast RPC permanent formwork slabs that
span between the beams. Extensive research work has been
conducted at the University of New South Wales in collaboration
with VSL Prestressing, Australia (Fig. 10).

Application Engineered Fibre Composites :

The application of fibre composites to civil and structural
engineering has been successfully carried out by the Fibre
Composite Design and Development (FCDD) centre at USQ.
The unique mechanical and chemical characteristics of fibre
composites combine to challenge the supremacy of conventional
materials such as steel, timber and concrete in particular in areas
that are weight and/or corrosion sensitive. Australia's first fibre

composite bridge was developed and built in Toowoomba in 2002
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(Fig. 11).

applications of fibre composites with prestressing, the

Currently, the FCDD is looking at possible

development of pre-tensioned fibre composite railway sleepers is

one such example (Fig. 12).

6. Concluding Remarks

Prestressed concrete has been used in Australia for nearly half
a century. Even in the early days of the development of this
technology, innovative structures have been built using the most
advanced technology available at that time. The application of
external post-tensioning is limited at this stage, but it will be only
a matter of time to realise the potential benefits of this
technology. With the development of new materials such as fibre
composites and reactive powder concrete, it is believed that the
prestressing technology will take a new dimension in the 21

century in Australia.
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