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ABSTRACT

This paper will address the Australasian advances in steel-concrete
composite bridge and building structures. The paper will firstly provide
an overview for the behaviour and design of bridge structures past,
present and future. This will then be followed by an overview of the
behaviour and design of building structures, past present and future.
Over the last decade there have been significant developments on the
development of a bridge standard for steel-concrete composite
structures, namely AS/NZS 5100 Part 6 and salient elements of recent
advances will be highlighted in this paper. In parallel with work being
carried out on the development of a bridge standard has been work on
the development over the last five years on a building standard for
steelconcrete composite structures, namely AS/NZS 2327. Once again,
salient features of this standard will be provided in this paper. The
paper will conclude with discussions on ongoing and further research
that is required in the area of steel-concrete composite structures to
deal with the ongoing demands of modern bridge and building
structures.
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INTRODUCTION

The concept of steel-concrete composite construction generally produces structural behaviour
where the overall response is greater than the sum of the parts. This concept holds true for
composite beam behaviour where the introduction of longitudinal shear connection can
provide flexural stiffness and strength of a member which is greater than the constituent
parts, namely the structural steel section and the reinforced concrete slab. Throughout the
latter half of the twentieth century this concept has been further applied to composite steel-
concrete columns to produce column stiffnesses and strengths which are greater than the sum
of the parts of the steel section and the reinforced concrete elements. These benefits have
been further exploited by taking advantage of the confinement effects that steel tubes can
provide to interior concrete infill and the subsequent benefits provided by the concrete infill
on delaying local buckling of the steel shell. This concept is now so widespread that in the last
calendar year, more than 50 % of all tall buildings constructed worldwide, utilized composite
frames, typically incorporating concrete filled steel columns (Council of Tall Buildings and
Urban Habitat, 2016).

In Australia, builders of the recently completed Perth Tower (the tallest tower in Perth), chose
to adopt composite construction throughout the entire structure and a concrete filled steel
column solution. In order to secure this type of solution the builder pre-ordered and stored all
spirally welded steel tubes in the columns to ensure steel cost fluctuations were minimized and
construction costs were able to be controlled (Australian Steel Institute, 2010). The emphasis
in Australia has been mainly focussed on construction economy when it relates to steel and
steel-concrete composite structures.
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AUSTRALIAN STANDARD FOR COMPOSITE STEEL-
CONCRETE, ASNZS 2327
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DRAFT BUILDING STANDARD FOR COMPOSITE STEEL-
CONCRETE, ASNZS 2327

The Australian Standard for composite steel-concrete structures in buildings,
AS2327.1 only ever covered the design of simply supported composite beams
(Standards Australia, 2003). A major initiative some 5 years ago involved
ensuring that all forms of composite systems, including beams, slabs, columns
and joints would be covered for design and has resulted in the Australia/New
Zealand harmonisation of the standard, ASNZS2327 (Standards
Australia/Standards New Zealand 2017a). The standard table of contents is
shown below and salient features of the standard will described herein

– SECTION 1 GENERAL
– SECTION 2 DESIGN OF COMPOSITE SLABS
– SECTION 3 DESIGN OF COMPOSITE BEAMS
– SECTION 4 DESIGN OF COMPOSITE COLUMNS
– SECTION 5 DESIGN OF COMPOSITE JOINTS
– SECTION 6 DESIGN OF COMPOSITE FLOOR SYSTEMS
– SECTION 7 SYSTEM DESIGN FOR FIRE RESISTANCE
– SECTION 8 DESIGN FOR EARTHQUAKE
– APPENDICES
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DESIGN OF COMPOSITE SLABS

Section 2 of ASNZS2327 covers the comprehensive design of
composite slabs. The intent of this section is to cover the strength
and serviceability design of composite slabs utilising metal
decking. Issues including flexural strength, longitudinal shear and
vertical shear provisions are covered in this section. Concepts of
partial interaction are also considered and this section also links
quite closely to that being proposed for testing in the Appendices
of the standard. Furthermore, post-tensioned concrete construction
is also extremely prominent in Australian buildings and recent
innovations into post-tensioning concrete slabs with metal decking
have been carried out. One of the major issues is the changes that
need to be introduced to deal with the presence of the metal
decking for serviceability and strength provisions and these will
be considered as part of this section, namely the concepts of non-
uniform shrinkage (Al Deen et al., 2015).
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DESIGN OF COMPOSITE SLABS
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DESIGN OF COMPOSITE BEAMS

Section 3 of ASNZS2327 covers the comprehensive design of
composite steel-concrete beams. This section covers the design of
composite beams, considering flexural strength, shear strength and
combined actions as well as serviceability provisions. Partial shear
connection approaches are also highlighted for the design of
simply supported and continuous beams. This section also
considers the design of composite beams using hollow core slabs
as illustrated, (Uy and Bradford, 2007).
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DESIGN OF COMPOSITE BEAMS
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DESIGN OF COMPOSITE BEAMS
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DESIGN OF COMPOSITE COLUMNS

This section covers the design of composite columns and closely
follows the approach in the AS/NZS 5100 Part 6 (Standards
Australia/Standards New Zealand, 2017b). The design of
composite columns for strength, stability incorporating axial force,
uniaxial and biaxial bending is considered. In particular, the
important effects of confinement are covered by this section.
Furthermore, the capacity factor for concrete in compression is
proposed to be 0.65 based on reliability analyses using the
design assisted by testing method provided in EN 1990 Annex D.8
(European Committee for Standardization, 2002). The reliability
analyses were carried out for 1583 CFST columns included in Tao
et al.’s database (Tao et al., 2008).
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DESIGN OF COMPOSITE COLUMNS
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DESIGN OF COMPOSITE COLUMNS
Perth Tower, 2012
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DESIGN OF COMPOSITE COLUMNS
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DESIGN OF COMPOSITE JOINTS

This standard has also involved in the development of a section
for strength and serviceability design of semi-rigid joints including
beam-to-beam and beam-to-column joints as shown in Figure 9.
For beam-to-column joints, the column could be either open
sections with/without stiffeners or hollow sections with/without
infilled concrete. The design of joints to hollow section columns is
based on the stiffness model of Thai and Uy (2016) which was
calibrated with experimental results of 44 available tests on
bolted endplate beam-to-CFST column joints.
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DESIGN OF COMPOSITE JOINTS

(c) Beam-to-column joint

Stiffener

(b) Beam-to-beam joint
(a) Plan view

Beam-to-beam joint Beam-to-column joint

Through reinforcement
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DESIGN OF COMPOSITE JOINTS
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DESIGN OF COMPOSITE FLOOR SYSTEMS

The intent of this section is to address system behaviour
particularly for deflections and vibrations for panels. This will then
give designers the ability to take into account the beneficial
effects of system behaviour in addressing these important
serviceability provisions which sometimes penalize steel frame
structures from a design perspective (Steel Construction Institute,
2012).
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DESIGN OF COMPOSITE FLOOR SYSTEMS
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SYSTEM DESIGN FOR FIRE RESISTANCE

This section is also intended to give guidance on design for fire
using a system based approach, which acknowledges that for
indeterminate systems there is a significant degree of redundancy
that provides additional structural capacity within a fire that is
unable to be addressed considering single elements within a
building. State of the art approaches for dealing with this will be
provided herein (Steel Construction Institution, 2006 and Abu et
al., 2011).
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DESIGN FOR FIRE RESISTANCE
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SYSTEM DESIGN FOR FIRE RESISTANCE
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DESIGN FOR EARTHQUAKE

This section covers the design for earthquake of composite frame
systems. One of the major elements of the section is the specific
guidance provided to Australian and New Zealand designers in
accordance with AS1170.4 and NZS1170.5 (Standards Australia
2004 and Standards New Zealand 2007).
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DESIGN FOR EARTHQUAKE
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APPENDICES

This section of the proposed standard is meant to provide
standard test methods for a number of specific issues which are
covered. Push test methods for establishing the strength, stiffness
and ductility of shear connectors will be outlined in this section as
will test methods for establishing the strength characteristics of
composite slabs incorporating profiled steel sheeting. In addition,
provisions for evaluating design resistance from tests will also be
presented. Finally, ASNZS 2327 will be one of the first
international composite design standards to present provisions for
beams with both regular and isolated web-openings, thereby
supporting the use of long-span cellular beams (Steel Construction
Institution, 2011).
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CONCLUSIONS AND FURTHER RESEARCH

Whilst there is ongoing research into structural steel and some of the technical
issues associated with materials and systems, it is felt that further research will
be punctuated by approaches that provide paradigm shifts in the design of
steel and steel-concrete composite building structures. Some of the more
prominent issues that will promote these paradigm shifts include precast and
prefabricated construction, deconstructability and new and higher performance
materials.

In particular steel and steel-concrete composite framed buildings have the
ability to be designed and constructed with deconstruction in mind. Advanced
economies around the world are now looking toward reuse as a potential for
addressing the issue of shortages in natural resources in future. Composite
action has the ability to reduce steel usage and deconstruction has the ability to
provide reuse options. Reduce and reuse strategies are far superior to
recycling options and have the ability to provide much greater benefits to
society from the perspectives of sustainability.

Minor revisions are being planned and a revised amendment is planned for
publication in 2020.
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Introduction

This lecture will highlight the development of the new Australasian
Standard on Bridge Design, Steel and Composite Construction,
AS/NZS 5100:6 which was released in 2017. Harmonisation
across the Tasman Sea has been gathering pace ever since the
development of the AS/NZS 4600 (Standards Australia, 2005) in
cold formed steel structures was released and there are also
moves afoot to harmonise the existing AS4100 and NZS3404 into
an Australian/New Zealand standard on steel structures,
(Standards Australia, 2012 and Standards New Zealand, 1997).
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Introduction

This lecture highlights the structure of the standard and includes
salient changes from the earlier version, including in the area of
high strength concrete, high strength steel and shear connectors.
Furthermore, the issue of imported steel and the reliability studies
carried out to determine their appropriateness will also be
highlighted in this paper. Many of the changes also draw heavily
on overseas European and American Standards, (British Standards
Institution, 2005 and American Institution of Steel Construction,
2010).
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Sydney Harbour Bridge, Sydney
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Te-Rewa-Rewa, New Plymouth, New Zealand
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Hawkesbury River Rail Crossing, Sydney

The 123 year old rail crossing
of the Hawkesbury River north
of Sydney and the 80 year old
Sydney Harbour Bridge. The
Hawkesbury River rail bridge
was designed and built by the
Union Bridge Company from
New York, USA.
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Sydney Harbour Bridge, Sydney

The Sydney Harbour Bridge
completed in 1932 was based on a
general design by the NSW
Department of Public Works but
heavily based on New York’s Hell
Gate Bridge and with detailed design
by Dorman Long and Co,
Middlesborough, UK through Sir Ralph
Freeman and Sir Douglas Fox.
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Hawkesbury River Road Bridge, Sydney

The Hawkesbury River Road
Bridge completed in 1977 was
designed and constructed as a
steel box girder bridge with
shear connection making the
concrete deck composite
through the top flange.



The University of Sydney Page 66

George’s River Bridge, Sydney

A major composite bridge was built
over the George’s River in Sydney in
1987. This was a parallel bridge to
the 1923 Pratt Truss steel bridge
which was completed in 1923. The
new bridge consisted on eight 70 m
spans involving three steel box
girders utilising composite action with
the concrete deck.
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Roberts Road Bridge, Sydney

A major composite-steel concrete bridge
was built in Sydney in 2000 at Roberts
Road crossing the Hume Highway and
linking northern and southern arterial
roads of Sydney. The superstructure of
this bridge comprised four steel trough
girders supporting a concrete deck across
six continuous spans ranging from 25-40
metres. The sections adopted 350 MPa
(N/mm2) steel plate with 1400 mm depth
and 2250 width sections.
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Clifton Hill Bridge, Melbourne

In addition to some of the more obvious challenges,
some other engineering challenges in the bridge
design realm, will be in the area of urban design.
Architects are finding increasing involvement in the
urban design of bridges. Architectural involvement
then poses unique challenges for structural engineers
which need solutions to be available. A recent bridge
designed in Clifton Hill, Melbourne involved significant
architectural involvement and penetrations were
required to achieve the architectural objective. This
structure required significant finite element analysis
carried out to justify the designs and this will be a
continuing trend in future bridge designs.
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Structure of the Standard
The current structure of the proposed Australian Standard
AS/NZS: 5100 Part 6 is given below. Sections 1, 2, 3 and 4
relate to introductory materials such as Scope and General,
Materials, General Design Requirements and Methods of
Structural Analysis.

Sections 5 and 6 covers the design of steel and composite beams
respectively and this is where the introduction of high strength
steel and concrete is a new development as will be highlighted
later in this paper. Section 7 covers the design of box girders
where the introduction of high strength steel and concrete also
have some influence on the new revisions, whilst Section 8 deals
with transverse members and restraints.
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Structure of the Standard

Sections 9, 10 and 11 covers the design of axial tension, axial
compression and combined actions of elements. All these sections
are affected by the introduction of high strength concrete and
steel. The remainder of the standard is devoted to the design of
connections, fatigue and brittle fracture, testing of structures or
elements and numerous appendices.
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AS5100: Part 6, Table of Contents
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AS5100: Part 6, Table of Contents
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AS5100: Part 6, Table of Contents
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AS5100: Part 6, Table of Contents
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AS5100: Part 6, Table of Contents



The University of Sydney Page 79

AS5100: Part 6, Table of Contents
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High Strength Concrete
The changes to AS/NZS 5100: Part 6 are in
part as a result of the changes to the
Australian Standard for Concrete Structures
AS3600. This standard has had three
versions during the last two decades,
AS3600-1994 (Standards Australia, 1994),
AS3600-2001 (Standards Australia, 2001)
and AS3600-2009 (Standards Australia,
2009) as illustrated in Figure 3. The major
changes in these versions were the gradual
increase in concrete compressive strengths
from 50, to 65 and now 100 MPa (N/mm2).
The steel reinforcing yield strengths have
also gradually increased up to 500 MPa
(N/mm2) in the most recent version.
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High Strength Steel

AS/NZS: 5100 Part 6 has also required
changes as a result of changes to
AS4100. The standard for steel structures
AS4100 also had two versions during the
last two decades, AS4100-1998 and
AS4100 Ammendment 1 – 2012,
(Standards Australia, 1998 and
Standards Australia, 2012) as illustrated
in Figure 4. A major change introduced
with the new amendment was the
introduction of high strength steel up to
690 MPa (N/mm2).
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High Strength Steel Reductions
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Shear Connectors
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Horizontal lying studs
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Reliability of Steels

This section briefly introduces the statistical rationale based on a rigorous
reliability analysis for conformity assessment rules for overseas steels. In order
to try and allow for the smoother introduction of overseas steel into the
Australian/New Zealand market, a reliability study was carried out by Kang,
Hicks and Uy (2013) dealing with the manufacturing and material strength
tolerances of overseas steels. Table 1 highlights the different manufacturing
tolerances considered and the various overseas standards considered, including
European, Korean, Japanese, American and Australian/New Zealand
tolerances, (British Standards Institution, 1993; Korean Standards Association,
2007; Japanese Standards Association, 2005a,b; ASTM 2012, Standards
Australia, 2004 and Standards New Zealand, 1996). Also for material
strength variations although a value of 7% is often used internationally (Joint
Committee on Structural Safety, 2001), the coefficient of variation for the yield
strength of steel was conservatively taken to be 10%, which is consistent with
the value used in the original Australian Standard calibration conducted by
Pham et al. (1986).
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Reliability of Steels

The capacity reduction factor for the design of I-beams was calibrated
based on the experimental data provided by Byfield and Nethercot
(1998). This data included 32 test results on laterally restrained I-
beams, which are all compact based on the plate element slenderness
limits given in AS 5100.6 (Standards Australia 2004). Two section types
203x102x23UB and 152x152x30UC with a steel grade FE430A are
considered in the data. For the calibration, the following assumptions
are made: (1) the mean measured values of fillet radius are not
reported in Byfield and Nethercot, and the nominal values are used
instead; (2) compact section capacity is calculated based on AS 5100.6,
and member capacity is not considered. The calibration was conducted
using the statistical method given in EN 1990 Annex D.8 (European
Committee for Standardization 2002).
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Manufacturing tolerances
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Capacity Reduction Factor
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Capacity Reduction Factor
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AS5100: Part 7 Rating
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AS5100: Part 8 Strengthening and rehabilitation
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Conclusions

This lecture has set out to introduce the harmonised Australian/
New Zealand Standard AS/NZS: 5100 Part 6 on Steel and
Composite Construction. In addition to highlighting the structure of
the standard, the lecture highlights the introduction of high
strength materials such as high strength concrete and steel.
Innovations in the area of shear connector provisions are
introduced and the lecture also highlights the important work
carried out on assessing overseas steels and their reliability which
is a major innovation in restricting barriers of trade in the area of
constructional steel.
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