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ABSTRACT: Research and development of composite materials and structures in the last two decades have
paved way to increasing applications of composites in civil infrastructure globally. In Australia, the pioneering
£ work was initiated at the University of Southern Queensland (USQ) within the Centre of Excellence in Engi-
neered Fibre Composites (CEEFC) resulting in the first Australian fibre composite bridge in 2002. Since then,
projects involving new and innovative design and structural concepts to make engineered composites a suit-
able solution in civil infrastructure have emerged. Through close involvement with major asset owners, these
technologies have evolved from initial technology demonstrators to become viable commercial alternatives to
traditional structural solutions. This paper highlights some of the research and development (R&D) projects
on engineered composites in civil infrastructure in Australia. Moreover, field applications and case studies

this. '
¢ also presented. '
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lia. These projects include the development of the
Australia’s first fibre composite bridge, innovative
strengthening systems using fibre composites, fibre
composite railway sleepers and other innovative ap-
plications of engineered fibre composites in civil in-
frastructure. This has paved way for developing in-
novative composite products and structures by the
industry partners, especially in civil infrastructure
(Aravinthan & Heldt 2008).

2 R&D PROJECTS

The use of composites as a structural material in
civil infrastructure is relatively new compared to
other industries. Significant research and develop-
ment has been pioneered by CEEFC (formally
known as Fibre Composite Design and Development,

‘FCDD), in collaboration with various industry part-

ners, under the leadership of Prof. Gerard Van Eip
since mid-1990s (Van Erp et al. 2005, Van Erp et al.
2006). Prototype structures have been constructed to
demonstrate the potential of this material in civil en-
gineering applications.
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The following projects present some of the fibre
composite structures that have been completed in
coordination with CEEFC, These projects highlights
the pioneering work carried out in Australia that
proved fibre composites as a viable alternative op-
tion for civil infrastructure, Only through such re-
search and development, it is feasible to penetrate in
to an industry where traditiona] construction materi-
als are heavily used.

2.1 Australia’s first fibre composite bridge

Numerous research and development projects around
the world have shown that fibre composites are vi-
able structural materials for bridge applications. Ad-
vantages of these new materials over traditional
bridge materials include low weight and high
strength, greatly improved corrosion resistance and
durability, ease of transportation and installation and
lower energy consumption during manufacture.
The CEEFC partnered with Wagners Composite Fi-
bre Technologies (Wagners CFT), a ‘Toowoomba
based company, in coliaboration with Queensland
Department of Transport and Main Roads (QDTMR)
and the Roads and Traffic Authority of New South
Wales (RTA) to develop the first fibre composite
bridge in Australia (Figure 1) in early 2002. The
composite bridge is designed based on a traditional
plank bridge concept, where the high tensile strength
and low weight characteristics of fibre composites
was combined with the high compression capacity of
polymer concrete. The beam is made up a2 100mm
deep concrete compression flange on top of 350mm
deep box girders formed using glass-reinforced pul-
truded profiles. Additional carbon fibre reinforce-
ment was incorporated into the base of the deck to
enhance stiffness. The technical performance of the
composite beam underwent comprehensive field test
at Wagner’s owned quarry site near Toowoomba,

Figure 1. First fibre composite bridge in Australia

2.2 Sandwich panels in bridges

The success of the first fibre ComPposite by,
further developments of composites jp brig

tentially increase the span by two folgs =
technology has been realised through
with QDTMR and CarbonLOC Pty [.
known as LOC Composites Pty Liq),

company based in Toowoomba. Carbg
patented an innovative sandwich pane] te;
which has paved way to provide innovatiye g
to civil infrastructure.

2.3 Fibre composite girders

A major research and development projec
composite alternative girders to replac
hardwood timber girders is being carrie
CEEFC in collaboration with the QDTMR
industry partners, Wagners and Carbonl g
project aims to develop improved produc
esses and systems which will lead to the ays]
in the Australian market of commercially vj;

girders are tested for its performance. Over 9
eIs using two different types of design col
(Figure 2) have been successfully manufat
through this project. These girders are undef
rigours testing including proof load testing, I
testing and ultimate strength testing to proved
ability as a suitable replacement girder.
testing is completed, these girders are to be
alternative girders for timber girders in X!
bridges. This is feasible with composites, due !
gineering the product to meet the requiremet
timber products, which may be challenging;
other materials.
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sandwich panels

with pultruded sections

}ibre composite bridge girders

Fibre composites in railways

ie use of composites in bridges provides potential
lisage for other applications, needing targeted re-
arch and developments. Railway sleepers are one
ch potential where composites could be used. In
collaboration with the different railway industries in
Australia, research and development of innovative
?bre composite railway sleepers to replace deterio-
gated hardwood sleepers in existing lines have been
g{llvestigated. One of the earliest technologies devel-
oped in Australia is a composite railway sleeper that
an be used as replacement for timber, steel and
concrete sleepers in existing or new railway tracks.
The sleeper is made of polymer concrete and glass
fibre reinforcement (Figure 3). A trial section of
rack was manufactured, trial tested and found to
E)erform_ well under actual service conditions. While
OMposites proved its potential in this area, the cost

B : . ) ]
Aamajor factor to be considered, especially in new
ailway lines.

Figure 3. Fibre composite sleepers

2.5 Fibre composites windmill structure with

sandwich panels

In fibre composites, the manufacturing costs can be
significant especially in a one-off structure. An ar-
tistic concept based on the Australian traditional
windmill was materialised in a landmark structure
(Figure 4), as part of the 40th anniversary celebration
of the USQ held in 2007, with the advanced usage of
fibre composites. Due to the manufacturing technol-
ogy available within the selected fabricator, all-
sandwich windmill structure was used to avoid high
manufacturing costs. This decision was made at
early stage of the design process with close coordi-
nation with the manufacturer. CEEFC was involved
in the analysis and design of the first fibre composite
windmill structure, which was manufactured by Bu-
chanan Advanced Composites Pty Lid, a
Toowoomba based company (Aravinthan & Omar
2008).

The tower of the windmill is 7900mm high with a
2300mm base that has two wings extending 300mm,
at the ground level. The main structural system of
the windmill is made up of sandwich construction in
complex shaped structures. The sandwich panels
were manufactured using resin infusion technology.
The flat panels were connected together by laminates
using hand lay-up techniques. Higher grade (H100)
foam was used at corners to avoid the wrinkling fail-
ure and increase the capacity of the sandwich panels.
The composite structure is connected to the founda-
tions through steel brackets that are connected to the
raft footing on three piers. Such structures are viable
only when all parties involved work together in an
alliance partnership.
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Figure 4. Windmill structure with sandwich panels

2.6 Fibre composites in structural rehabilitation

Another application of fibre composites in rehabili-

tation is the use of composite laminates to wrap piles.

This project was conceptualised in late 2002 when
the Roads and Traffic Authority of NSW (RTA) ap-
proached CEEFC for assistance with a structural
problem that is affecting a number of its bridges.
These bridges were relatively new bridges that were
constructed using concrete piles that suffered from a
serious decay mechanism known as Alkali Aggre-
gate Reaction (AAR). This mechanism caused ex-
pansive forces within the piles which eventually led
to large cracks at the pile surface. These cracks re-
sulted in serious corrosion of the reinforcement, in
particular in submersed piles. This mechanism was
significantly well understood to be largely prevented
in new structures, but many existing bridge struc-
tures required major rehabilitation. Later the Queen-
sland Department of Main Roads also became ac-
tively involved in this project as they have a number
of bridges with similar problems. CEEFC developed
a fibre composite pile wrap concept that can be ap-
plied to submersed piles (Figure 5). A number of
prototype pile wraps and a series of underwater trials
were conducted to test the effectiveness of the con-
cept. A special pressure test was also carried out to
establish that the concept could sustain the required
high pressure loads in service. These tests have
shown that the wrap exceeds the stringent mechani-
cal requirements. This particular strengthening sys-
tem proved to be a suitable solution, especially for
underwater strengthening of piles.

Figure 5.

Fibre composites in pile rehabilitation

On the coastline of Australia, boardwalks, jettie
pontoons and marinas structures operate in a ver,"
corrosive environment. This results in serious dur
bility problems for steel and reinforced concre
Hardwood has traditionally been used to overcom
some of these problems. The CEEFC has develop:;
a new type of fibre composite waler (Figure 6} fr
use in marinas and tloating walkways. The ma
function of walers is to tie the individual ﬂoats§
marinas or walkways together. The walers are |
cated on both sides of the floats and are genera
connected to the floats by bolts or through-ro
Walers are traditionally made from steel or timbg
and require replacement every 10 to 15 years. Fi
composite walers are predicted to have a 50-100 y
life. This particular project was developed in
laboration with Brisbane City Council. The ¢
lenges from conceptual design to final manufac
ing of walers demonstrated how pionee

composites technology can be used to create W
class engineering outcomes. '

Figure 6. Fibre composite walers in marine en
ment
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ollowing sections highlight some
here composites have been success-

plication of fibre composites in a high-
in Australia occurred in 2005 when
@FT reconstructed the Taromeo Creek
igure 7) on the D’Aguilar Highway at
:Queensland for the QDTMR (Van Erp et
The highway bridge, which was con-
ing fibre composite girders and reinforced
=leck slab, is of two spans, 10m and-12m,
ed an existing timber bridge. The bridge
pleted in June 2005 and opened to traffic in
j5. The deployment of the first prototype
d to several road bridge projects using fi-
posite in Australia. Wagners CFT' which
es in structural composite sections as load
& members in a variety of structures has de-
modular methodology of creating a variety
X ns able to be tailored to specific require-
ments. For road bridges, Wagners CFT has designed
and déveloped an I-beam bridge girder made up of
pultruded laminated fibre composite sections such as
125x125x6.5mm SHS and 300x6 mm flat laminates
bonded with rubber toughened epoxy adhesive
(Kemp 2008). This technology has been applied in
the reconstruction of the Manly Road Bridge in
Brisbane where the composite I-girder section and
concrete deck was used to replace the damaged rein-
forced concrete bridge. Another project that utilised
the composite I-girder section is for road bridge re-
placement in Hawkesbury Council, Queensiand. The
council needed a solution to replace an aged timber
bridge in a limited time frame as it was unlikely to
survive another wet season in this flood prone rural
district.

32 Pedestrian bridges and walkways

Pedestrian bridges and walkway structures made up
of fibre composites are now common all across Aus-
tralia. Due to its unique characteristics to withstand
the harshest environments while providing a low

swamps, alkajmne desert and COITOSIVE MININg Iacli-
ties. An example of a pedestrian composite bridge
designed, constructed and installed by Wagners CFT
for the Brisbane City Council (BCC) as part of their
pedestrian infrastructure upgrade program (Figure §).
The Bowman Parade is a 3 span, 30 metre structure,
and multi-use pedestrian bridge, and is made up of
pultruded composite sections for the main structure
and glue-laminated composite sandwich panels for
the deck. Similarly, Wagners CFT was commis-
sioned to design and supply materials for 850 metres
of the Mackay Bluewater Environmental Trail (Fig-
ure 9) by the Mackay City Council. The 4km long
project snakes its way through the environmentally
sensitive tidal belt of the Pioneer River just north of
the Mackay Central Business District. As the area is
subject to regular cycles of submersion from both
tidal forces and storm flooding, fibre composite so-
lution was sought by the council.

Bowman Parade pedestrian bridge

35



Figure 9. Mackay Bluewater Environmental Trail

3.3 Railway sleepers and transoms

Railway industries in Australia are now trialling the
use of fibre composite sleepers to replace deterio-
rated hardwood railway sleepers. One of the devel-
opment is the fibre composite railway transom (Fig-
ure 10) which is now being trialled on an actual
railway bridge in Australia (Aravinthan & Heldt
2008). The composite railway transom is made up of
a new type of fibre composite sandwich panel with
additional fibre reinforcements. The first transoms
were installed by the Australian Rail Track Corpora-
tion (ARTC) on a steel railway bridge located on a
heavy and busy haulage line in November 2007.
The ARTC has installed twenty two fibre composites
transoms, which were manufactured by CarbonLOC
in collaboration with Austrak Pty Ltd, one of the
largest railway sleeper manufacturers. The trial in-
stallation verified that the composite transoms are
performing to expectations.

Figure 10. Fibre composite transoms on a rail bridge

3.4 Composites for structural rehabilitation

Engineered fibre composites offer an extremely ve;
satile option to strengthen or rehabilitate existiny
structures to solve structural problems arising froy
environmental exposure, inadequate designs, i
creased traffic loads, and continuous aging. Rog
and bridge authorities in Australia have become g
tively involved in these type of projects as many g
its existing bridge structures requires replacemey
and major rehabilitation. Australian hardwoods 4
an excellent general purpose building materiy
However, in recent years they have become mog
expensive, less available and of poorer quality. Fiby
composite bridge components have shown to k
compatible as a replacement material for rapidy
dwindling hardwood bridge components. Wagnerf
CFT and CarbonLOC has successfully develop
and installed composite girder replacement solutior
for timber bridges in recent years in coliaborat
with the QDTMR and other major timber bridge
set owners.

3.5 Composites piles in harsh environment

Traditional pile materials such as concrete, ste
timber are being used for deep foundation sysf
However, there are problems associated with t
of these materials especially when installed in
sive and marine environments. In the marine €
ronment, fibre composites can be selected for |
corrosion, rot, and pest resistance as well as
high strength-to-weight ratio. Given the signi
number of timber-piled piers in the Australian
line, there is an increasing interest for a
effective fibre composite system. Recently,
Technologies Pty. Ltd. has developed and su
more than 50 piles to BCC for the rehabilitat
the Shorncliffe Pier in Brisbane (Figure 11)
project used 300 - 450 mm diameter hollow co
ite tubes for partial repair and total replace:
damaged timber piles (Sirimanna 2011).

Another application using fibre compost
truded sections were adopted by Wagners
shore up the Jack Evans Boardwalk in Twee
New South Wales (Figure 12). This 2,250
metre project was Wagners CFT’s the first
posite piles in the field where a total of 4
were driven to set the boardwalk structur
claimed soil and near the shore (Guades et ak:



Figare 11.

Figure 12.

Composite piles for Jack Evans Boardwalk

4 CHALLENGES

The research and development together with field
applications discussed above show that Australia is
among the leaders in using fibre composites in civil
infrastructures. However, there are challenges in
making these projects into a reality. While these dif-
ficulties are substantial, all parties have worked to-
gether to ensure that these barriers are minimised
and the best outcome for the project is achieved. Key
barriers to the growth of fibre composites in civil in-
frastructure include:

System proof — typical infrastructure prototypes
need to be developed and installed for a consider-
able period (10 years) before market acceptance is
sufficient to build a market volume;

Market volume — is critical to commercial success
because fixed development and production costs

need to be amortised over large production vol-
umes in order to be acceptable to the market;

« Intellectual property — commercial organisations
need to protect their intellectual property as the
most tangible initial asset to their development
investment, however reduced knowledge sharing
tends to reduce the speed of development.

While these barriers are substantial, they are not in-
surmountable. Governments and owner organisa-
tions can substantially reduce these barriers by their
investment choices, and commercial organisations
can position themselves by carefully selecting the
products they develop to ensure that these barriers
are minimised.

Capital cost is the key driver for infrastructure
projects. Consequently, the types of materials used,
and the manner in which they are used differ from
other industry sectors such as marine and acrospace.
Fibre composites will generally be feasible in infra-
structure when the need for corrosion resistance, re-
duced weight, or fast installation is a driver for the
system. Typical systems that have previously been
based on Australian hardwoods (bridge girders, rail-
way sleepers etc) are likely to be cost effective be-
cause fibre composite systems can be produced for a
similar cost to hardwood, and it is anticipated that
hardwood products will continue to increase in cost
as they become scarcer. Combining fibre composite
materials with traditional engineering materials
(steel, concrete etc) can be an effective means of
managing capital cost provided this does not com-
promise the reason for using composites (eg corro-
sion resistance). Fibre composites engineered sys-
tems are typically high strength, low stiffness in
nature. Combining fibre composites with traditional
materials can be an effective way of improving stiff-
ness without excessive increase in capital cost.

The business development strategies adopted by
individual companies will play a major role in mak-
ing composites as a viable alternative in civil infra-
structure. In this context, industry partners such as
CarbonL.OC and Wagners CFT have both adopted a
policy of establishing a market for a simple basic
product (waterproof building panel or pul-
trusion) which enables efficient production
in larger quantities. These products areas used as
the key elements to develop structural systems that
can compete with traditional materials. This ap-
proach will eventually lower construction costs and
makes fibre composites competitive with other con-
ventional materials.

37

R EERIREEm=



|
t

5 EDUCATION AND TRAINING IN FIBRE
COMPOSITES FOR CIVIL ENGINEERS

Several successful R&D projects completed leading
to several applications are a testimony that compos-
ites are viable alternative in civil infrastructure.
However, there is still a lack of practicing engineers
who are trained to design and use fibre composite
materials. Most engineers are trained in the general
specialisations of engineering such as civil, me-
chanical or aeronautical engineering need to upgrade
their knowledge on fibre composites to be suited for
this industry. To fill this gap, courses in fibre com-
posites‘“ needs to be developed. University of
Southern Queensland (USQ) has taken the initial
steps by developing the first course on engineered
fibre composites with the focus on civil and struc-
tural engineers. With the reputation of being the
Australia’s distance and e-leamning educator, USQ is
offering this course entirely online. This provides a
flexible leamning environment for practicing engi-
neers who can continue to develop their professional
skills in this new technology. The first offer of this

“course was successfully completed in 2008. Further

improvements including appropriate resource devel-
opment has been completed in order to educate and
train engineers in the area of fibre composites for
civil infrastructure. Such education and training en-
gineers will be a key factor to embrace fibre compos-
ites as an alternative material.

6 CONCLUDING REMARKS

This paper has presented research and developments
that lead to field applications of fibre composites
into civil infrastructure in Australia. Several new and
innovative structural systems have shown that fibre
composites are reaching a point of commercial real-
ity in the Australian construction industry. Engi-
neered fibre composites have huge potential in civil
infrastructure. However, there is a great challenge
for the civil engineer and structural designer when
there are no specific design standards and familiarity
with the behaviour of such new materials. This is
further affected by the limitations of the manufactur-
ing technology possessed by the contractor. By form-
ing an alliance with the designer, client and the
manufacturer, working towards the best outcome for
the project within the constraints had led to the suc-
cessful completion of the fibre composite structuses
in Australia, as discussed in this paper. It is believed
that such model could be very effective in gaining

acceptance of this innovative material in civil infra
structure.

Other challenges faced by the civil and structury
engineers in such cases are the understanding of the
behaviour of the fibre composite materials, its failuz
mode and adopting available design guidelines to th
local needs. This also emphasise the need to trap.
civil and structural engineers in fibre composites an
the development of relevant design stap!
dards/guidelines in Australia. When these ar
achieved, the fibre composites will become mor
competitive with the traditional construction materi:
als and it would be possible to harness its potentig
in civil infrastructure. ‘?
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