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Abstract: HB71, the Reinforced Concrete Design Handbook (RCDH), was first published in 1989,
and the sixth edition will be published this year. The new edition of HB71 includes updates to all
sections and three new sections to reflect new sections in AS 3600:2018 and AS 3600:2018 Sup 1:
2022.

In helping the CCAA rewrite the Handbook to AS 3600: 2018, the knowledge of materials, design, and
detailing requirements for reinforced, prestressed and prefabricated concrete and teaching is
substantial and ever-increasing, even in an essential Handbook such as this.

The Handbook is aimed at young graduate engineers with limited understanding or background in
concrete design and is written by practitioners with extensive experience in the design of concrete.

Designers require information to ensure efficient concrete designs are undertaken and to reduce the
risk of inadequate design and construction and failures, particularly with larger structures, while
reducing the embodied carbon and providing a sustainable design.

This paper examines what the issues are and how we can improve our teaching of reinforced
concrete design for Australia as a whole.

How can graduates get the training they need to design concrete structures correctly in the
workplace?

While technology and digital aids have made the concrete design of structures more efficient, it does
not replace the detailed design information designers need to know to design reinforced concrete
structures correctly. How do young designers know what information is available in the marketplace,
and how do we provide them with that information?

There are many organisations, associations and suppliers that have this information, but how do we
bring it all together?

We need a high-quality post-graduate course in concrete design to achieve excellence in concrete
design that avoids failures and equips our young engineers with the right tools for future concrete
structures in Australia.

1. Introduction

The transition from an undergraduate to a graduate engineer is a significant change, especially when
working on real-life projects. Graduate engineers today must learn on the job, which is often stressful
and often without formal training. They have become infatuated with the all singing all dancing
computer design programs but lack a basic understanding of how the structure might perform,
practical concrete design, materials and practical construction experience on-site.

When | graduated in civil engineering over 50 years ago, the design of reinforced concrete was simple
and unsophisticated, the materials were not highly stressed, and the design methods were simple.
Also, as a graduate engineer, | had an apprenticeship for a number of years and learnt my design of
concrete in the design office as my career developed. Unfortunately, those days are long gone.

Before computers in the late 1980s, all computations were prepared by hand, and it was slow,
laborious, and tedious work. However, one developed a feel for structural design because one was
always looking at the structural elements to see how they fit together and how they might be
constructed. Also, as a young designer, | developed a clear understanding of load paths. All drawings
were drawn by hand using ink on tracing paper or linen, and there was a need to check and review
the drawings on a regular basis with the drafter.



The following brief history of the changes in concrete design over this period is the background to the
paper on why designers have to know so much about concrete design. Unfortunately, the universities
do not have time or the knowledge to teach design and the industry has essentially given up training.
If we do not understand history, we do not know where we have come from, where we need to go,
and the problems for the future.

2. Years 1970 to 1987

This period saw a notable change in the design and use of reinforced concrete. The first significant
change of this era was metrication [1] which commenced in Australia in 1970.

Coupled with that was the significant change to limit state design with the publication of AS 1793-
1975 on the Limit State Design Method by the Standard Association of Australia [2], followed by
amendments to the materials standards and loading standards in the late 1990s. There was
considerable resistance to this new method of design initially, as many designers could see any valid
reasons for such a dramatic change

At about this time, the height of major buildings started to increase quite rapidly [3], and the use of tilt-
up concrete also increased quickly about this time. Another significant change was the publication of
Australia's first earthquake code, AS 2121, in 1979 [4], largely ignored and brought back into focus by
the Newcastle earthquake in 1989.

By now, ready-mixed concrete was commonly accepted and used on most larger projects. Concrete
floors in buildings were generally flat slabs or occasionally beam and slabs, and post tensioning was
not commonly used, although that was to change through this period. Most concrete buildings were
low-rise. There were some high-rise buildings, such as Collins Place in Melbourne and Australia
Square in Sydney, but these were the exception rather than the rule.

At the start of this era, the slide rule had largely disappeared from the engineer's toolbox, and
calculators had become inseparable from engineers for calculations. Also, a graphical aid commonly
used was nomograms.

Another notable change in the design of concrete later in this era was the start of the use of
computers for design which was to replace calculators. By the late 1970s and early 1980s, larger
consulting firms had a small mainframe computer and were trialling CAD. However, it was the desktop
computer that was to revolutionise the design and drafting process in the future.

The design of reinforced concrete structures in the early 1970s was straightforward compared to the
sophisticated analysis that is available today. A typical consulting practice would carry out the design
in the early 1970s on the basis of the following: -

« There were about two drafters for each engineer.

+ Most engineering was design, and very few reports were prepared.

» Calculations were made by hand with a slide rule or calculator using moment distribution,
design charts or tables.

« All drawings were in ink on tracing paper or linen by hand using drawing machines.

» Typically, concrete buildings used reinforced flat slab floors on a 6 m to 7.5 m grid or
occasionally, beams and slabs were used.

« Larger consulting practices and government offices started to get a computer, often the
size of a large filing cabinet in its own room, costing up to $40,000 with 16K of memory.

* There were no word processors, only typewriters with carbon copies or duplicators, and
there was only a limited photocopier facility.

+ There was no fax machine, only a telex machine for larger firms, no mobile phones, and
engineers used telephones for all their verbal communications.

+ Frame analysis programs became available in about 1983 but were slow and limited.

Buildings of the era from the 1960s through to the 1980s in Australia were robust because the
analysis was conservative and unsophisticated. Often the most heavily loaded member was
designed, and similar members were given the same reinforcement because of the time needed for



separate analysis. Also, concrete and reinforcement strengths were considerably lower than what is
used today. Wind loads were not well considered and, before the 1970s, often ignored for low-rise
buildings, and the wind forces of that era were low compared to today.

There was different reinforcement of this period, including structural grade round bars (&), and
structural grade deformed bars (DB), both Grade 230 and CW 60 Grade 410, which was the
deformed bar cold twisted with an ultimate design load of 60,000 psi. Fabric, Grade 450, was
commonly used for suspended slabs.

Construction of taller buildings only started in the early 1970s, and before that, it had limited most
buildings up to 6 to 10 stories maximum. When one looks at Codes like CA2-1963 [4], the amount of
design information is limited.

In 1973 the Concrete Code AS CA2-1973 was revised to limit state design methods but in imperial
units. AS 1480-1974 Concrete Structures Code was a metric version of CA2-1973, allowing either
ultimate strength or the working stress design methods. For the first time, there was a section on the
simplified procedures for slenderness effects for members for columns and walls. In 1982 a revised
version of AS1480 was published.

The most significant change of this era was metrication [1] which commenced in Australia in 1970
and which resulted in changes to all the Codes of Practice and Standards as well as technical
literature from manufacturers and suppliers relating to construction.

About this time, the height of buildings started to increase quite rapidly, and the use of tilt-up concrete
rapidly increased in this era. Steel fibre concrete was also used from the early 1970s.

From a designer's point of view, AS 1480-1974 may have been Australia’s worst concrete code. It had
several problems that would come back and haunt designers in later years. These included: -

e Long-term deflections of suspended concrete slabs

e The use of F41 fire mesh for fire resistance ratings for concrete columns and beams

¢ Inadequate cover and durability requirements resulted in the spalling of the concrete and the
coining of the word “concrete cancer” by the press. [5]

After many years of work, a revised concrete standard AS 3600 Concrete Structures was produced in
1988. This Standard was to represent a major change to the standards for concrete in Australia and
differed markedly from the previous standards both in format and content.

AS 1302-1982, Steel Reinforcing Bars for Concrete introduced the Grade 410 hot-rolled, high-
strength deformed reinforcing bar, which resulted in the phasing out of the cold worked Grade 410 C
deformed bar. AS 1302 was revised in 1991 and changed the specification of hot-rolled bars to Grade
400Y to conform to the requirements of AS 3600.

3. Years 1988 -1999
A very significant change in this era was the ever increasing use of desktop computers for design and
the start of computer-aided drafting.

Up until 1996, all states and territories in Australia had their own building regulations for many years,
but then the Building Code of Australia (BCA, now the NCC) was introduced and adopted in all states
and territories of Australia soon after 1996, with some local state amendments.

Between 1989 and 1993, a complete suite of new loading standards for buildings in Australia was
issued with the minimum design loads on structures

4. Years 2000-2023

In the period 2000 to 2023, again, there was a substantial change in both structural and civil
engineering practices, including reinforcement and the design and construction of reinforced and
prestressed concrete structures in Australia.



The Christchurch earthquakes in New Zealand in 2011 showed the devastation of large earthquakes
and reminded Australian engineers and the public in general that Australia has a good record of
earthquakes and similar damage could occur in Australia.

The amalgamations of consulting firms continued, and larger projects started to become more
common. Also, state governments and federal governments by now had largely disbanded most of
their engineering departments and expertise. The larger consulting firms started to abandon the small
market area leaving this area to smaller firms and individual consultants on a state-by-state basis.
One of the realities of this change is that younger engineers previously received training in many
materials, including concrete, steel, masonry, timber etc., but those working for large firms would only
be involved in larger projects and are only involved in concrete and steel, and that training is limited.

One of the big changes was the construction of a large number of high-rise apartment buildings,
particularly in Brisbane, Gold Coast, Sydney and Melbourne, constructed in situ and prefabricated
concrete. The design of concrete walls in accordance with AS 3600 [7] was lacking as designers were
pushing the limits of the Standard and using 150 thick walls with high-strength concrete, which were
not ductile when the Concrete Standard never intended walls to be designed that way.

A substantial change in about 2010 saw the move away from producing documentation in the 2D
CAD environment to the 3D environment, and Building Information Modelling (BIM) was introduced.

Most concrete buildings are now analysed using some form of a 3D dynamic program where
designers can see the structure deform under lateral loads and vertical loads. Unfortunately, this
technology has not been fully recognised as an important tool in understanding how the building might
resist lateral loads and where the weak points of the structure might be and possible failure modes.

AS 3600 was revised in 2009 and significantly revised in 2018 [5], particularly relating to robustness,
diaphragms, seismic design, design of walls and other changes.

5. Problems in the last 25 years in concrete design

Because of these significant changes in how projects are delivered over the last 25 years in Australia,
the design of concrete has gone down a path where quality has often been sacrificed for minimum
cost over many years, and now this is the problem we are facing.

Previous reports have raised similar issues on quality and design, e.g. Independent Review of the
Building Professionals Act 2005 [8] by Michael Lambert in 2015, with its focus on the effectiveness of
the building regulation and certification system in NSW, and the 2013 Engineers Australia EA Report
on Defect Free Construction NSW and the 2005 report by the Queensland Division of Engineers
Australia: Getting it Right First Time which noted that poor documentation was contributing an
additional 10-15% to project costs in Australia. All these reports have been ignored to the best of my
knowledge by the Building Authorities around Australia.

The Shergold & Weir Building Confidence [6] report in February 2018 raised concerns about the
effectiveness of compliance and enforcement systems for the building and construction Industry
across Australia. And in March 2019, the BMF published its Implementation Plan for the
recommendations in that report.

In February 2019, the NSW Government published the Opal Tower Investigation Final Report [10]
raised concerns about the effectiveness of the regulatory environment and made several
recommendations to raise the standards of building design and construction. We now have, for
example, buildings such as Mascot, nine buildings in Darwin with inadequate shear design, and the
Kodo Building in Adelaide, all with similar issues, and this is just the tip of the iceberg, and it has to
stop.

Similar issues occurred in the UK, including the effects of scale, and there have been systemic issues
in the construction industry. There have been a number of reports, including Building a Safer
Future[11] by Dame Judith Hackitt and SCOSS Alert of July 2018 [12], the Report of the Independent
Inquiry into the Construction of Edinburgh Schools [13] and SCOSS Alert of February 2017[14] and
the SCOSS Alert on the effects of scale.


https://www.industry.gov.au/sites/default/files/2019-03/building-confidence-report-implementation-plan.pdf

The quality of design and inspection of buildings by structural engineers in Australia are almost
invariably driven by owners, builders, and developers' demands to minimise costs, which has led to
reduced fees for structural engineering over the past 20 years or more. Structural engineers have
therefore had to tailor their fees to suit a regime where the minimum cost wins. This, in turn, has
meant that design and documentation processes are minimal, changes to the drawings are often not
recorded or recorded poorly on shop drawings and the like, and checking of the design and the
drawings are often non-existent. Often inspections of construction are not carried out by the original
designer or by those who are not experienced in this type of work or are not connected with the
original design. All of this is a recipe for poor quality work and the problems that we now see as well
as the ones we cannot see.

Graduate engineers are not experienced in the design of buildings and structures. That experience
only comes from working in the building industry over time. It takes some years to develop that
experience and appropriate skills. It is, therefore, important that graduate engineers not be
responsible for matters which are beyond their expertise or experience.

Also, in the author's opinion, Engineers Australia (EA) has largely abrogated its responsibility for the
training of graduate engineers in concrete. Their training is aimed at subjects such as project
management which is suitable for engineers with 5 to 10 years of experience, but graduates are not
well catered for in the current training regime, particularly in concrete design. Also, the current system
of qualified engineers by EA is, at best, reasonably satisfactory and, at worst, very limited. It allows an
engineer with, say 5 years of experience to carry out all types of design, which in some cases, they
may not be capable of designing. It is, therefore, necessary to provide significantly higher levels of
registration so that engineers have adequate experience and background in the design and
construction of buildings. Local councils and relevant building authorities do not have the expertise,
the time or the staff to check structural engineering designs, and they usually depend on independent
certifiers for advice.

In this race to the bottom, we have ignored quality, and we need to change that urgently. These are
some of the things we need to do: -

o Registration of structural engineers: Registration of structural engineers should be in 3
tiers as follows: -

o A graduate civil and structural engineer with 0 to 4 years of experience who can
carry out the design and inspection of structures under guidance but cannot
certify any structure.

o Civil and structural engineers, reasonably experienced, with 5-10 years
experience who can design and certify the design of buildings and structures up
to certain heights, suggest 5 storeys within their professional experience and can
mentor younger engineers.

o Civil and structural engineers experienced, with greater than 10 years of
experience can design and certify all buildings and structures, provided they are
experienced and can design such structures within their professional experience.
Also, a designer with a Graduate Diploma in Concrete Design and at least 5
years of experience, as discussed later, would be able to design and certify any
concrete structure within the capabilities of their expertise.

¢ Internal checking: All designs, drawings, and specifications are to be initially
coordinated with other design members of the project and independently checked within
their own organisation.

o External and third-party Independent checking: Other than single-storey housing, all
structural engineering designs for buildings and structures should be independently
checked and certified by an external and independent checking engineer and not the
original designer.

e Construction: Construction cannot start either on or off-site until approval has been
received from the independent checking engineer that the design complies with the NCC
and the drawings and specifications are satisfactory.



o As-built drawings: All changes to the structural drawings and specifications and the like
are to be updated before the building or structure is to be handed over for use. This is in
addition to the original drawing and specifications originally submitted to the building
authority for construction. Updating shop drawings and sketches and the like will not be
acceptable for as-built drawings.

o Periodic inspections: The structural engineer responsible for the original design shall
carry out regular and periodic inspections of construction, including inspection of all
critical elements such as footings, columns and transfer structures and the like. They
must inspect the building work at least once a week during construction and prepare a
written report on each inspection. This inspection work must not be carried out by an
independent organisation that has not been involved in the original design.

These are very simple and basic requirements that would go a long way to meeting quality work and
overcoming many of the issues that we are now facing. This is what we used to do 50 years ago
when | first started as a civil engineer.

6. Guide to the Design of Reinforced Concrete

The author has spent the last 1'% years helping the CCAA rewrite the Guide to the Design of
Reinforced Concrete and reflecting on the amount of knowledge acquired over 55 years of design. |
have concluded that it is just not possible for graduate engineers to achieve the understanding that |
have finally achieved as | approach retirement. This has led me to think about how we could
overcome the issues facing the concrete industry and particularly the design of concrete structures
and how we can overcome the lack of knowledge and minimise the failures that have occurred in the
past and will continue to occur we do not do something about it.

7. Learning outcomes

There is so much material that a graduate must know about concrete, its constituent materials, how
to design concrete and detail it properly and then finally, how to build it properly. All these
requirements have led me to think about How we could solve this problem of poor design and
construction.

Looking at the issues with concrete, they include but are not limited to the following.

e Loadings and understanding load paths and free body diagrams

e Types of buildings and sustainability

e Conceptual design and structural options

e Modelling of concrete structures (the good, the bad and the ugly)

e Material properties, including concrete and reinforcement

e Durability and fire

o Design of concrete beams and slabs, columns, walls, footings, et cetera

e Strut and tie modelling, including diaphragms

¢ Design for seismic actions

e Design of prefabricated concrete and why it is different

o Writing concrete specifications appropriate to the structure, including finishes for concrete
e Preparing structural drawings, including checking and manually detailing reinforcement
e Site inspections

e Being a member of the committee of the local CIA branch

and so, the list goes on.

Unfortunately, undergraduates learn little of this in their graduate courses because of the time
available. We are pushing graduates into designing concrete structures with very limited knowledge
yet arming them with sophisticated computer programs and the resultant problems we are seeing.



8. Concrete Design Academy

| want to promote the concept of a Concrete Design Academy established and run by the concrete
industry in Australia in conjunction with one of the universities but with the curriculum and course work
set by the concrete industry to provide a high-quality and to be keenly sought-after post-graduate
degree in concrete design.

It would provide an accelerated program for technical excellence in the design and construction of
concrete in Australia.

It will require several Design Directors from the concrete industry. Once it was established, it would
seek registration from graduates to participate in the Academy. It would be expected that only a
limited number of graduates would be accepted each year.

The aim of the Academy would be to foster eminence and approach to design excellence and
innovation in concrete. It would nurture graduates’ passion for concrete design, improve their ability to
think and collaborate in an ever-changing world and develop technical mastery of concrete so they
can lead their companies and graduates underneath them in achieving excellence in design and
concrete construction in Australia. It would be only available to selected graduates, and it would be
expected that only a limited number of graduates would be selected each year.

As most universities have limited knowledge of the real world and often staff are specialised in one
field, it will be necessary for the concrete industry to take control of this Academy, lead it and provide
the technical excellence that will be required.

So, who other players in the concrete industry in Australia would form part of the Academy, including
the following organisations and associations?

e Concrete Institute of Australia

e Cement Concrete and Aggregates Australia

e Steel Reinforcement Institute of Australia

¢ National Precast Concrete Association of Australia

e Post-Tensioning Institute of Australia

e Institution of Structural Engineers, including CROSS Australia

o Engineers Australia (if they are interested and they will probably not be)

e Other allied construction industry bodies such as ACCRA and the MBA if they are interested.

Each of these bodies has the expertise and a wealth of material in the written and unwritten form in
various areas of endeavour.

| am proposing that a Concrete Design Academy be established at one of the major universities in
Australia which would administer the Academy, but the University would not be involved in any
significant way with the coursework, which must be set by the industry and managed and presented
by the industry as they are the ones with the knowledge required. The industry would also provide
most of the presenters and presentations in their various areas of expertise. These organisations
would arrange site visits to various factories and manufacturing facilities such as cement works,
reinforcement manufacturers, reinforcement suppliers, precast concrete factories, large and small
sites etc.

All attendees would have to conduct detailed site inspections and provide detailed written reports on
at least 4 to 5 major elements of a building, such as foundations, slabs on ground, suspended slabs
and beams, columns and walls, and prefabricated concrete. They would need to provide evidence
that they have issued job instructions, attended site meetings and answered requests for information
and similar documents.

Copyright ownership of the teaching material would belong to the Design Academy, but the teaching
material would be used by the selected University for its own teaching purposes. An example of this
approach would be The Australian Engineered Fasteners and Anchor Council (AEFAC), set up at
Swinburne University some years ago.

| propose the course would be online for most of the time involving 10 to 15 hours a week of
coursework, together with perhaps a period of 3 to 4 weeks at 1 of the universities over one year and



a Post Graduate Diploma in Concrete Design would be awarded to successful candidates. The
construction industry would recognise a designer with a Post Graduate Diploma in Concrete
Design as having the expertise to design significant concrete structures in Australia and to train
others in good concrete design. | anticipate the graduates need at least 3 to 4 years of experience
before taking this course.

While there will be a significant cost involved in the initial setting up and the administration, the course
would hopefully be financially self-supporting once it was up and running.

9. Conclusion

We need to significantly lift the quality of our design and construction of concrete in Australia. If the
industry does not provide this training, then we will not be ready for the future, and we will continue to
have the problems of poor design and failures in the future, which is a Third World solution.
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