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Abstract: This paper will give a brief history of our concrete technology and concrete durability
journey within TMR (Qld Department of Transport and Main Roads) over the last 20 years together
with our present position and issues, and where we see some of our future challenges and
development.

Topics covered will include our overall concrete durability approach, our experiences with
superworkable concrete, precast concrete, concrete for cast in place piling, geopolymer concrete, and
our current progress towards achieving a more sustainable and environmentally friendly version of
concrete.

Some of our future challenges associated with material and concrete supply and achieving
sustainability goals, along with our current research and development areas are also outlined.
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1. Introduction

The primary concrete specification for TMR (QIld Department of Transport and Main Roads), MRTS70
(2022) (1) has existed in its various forms since around 1962 when it was published as the "Main Roads
Department QLD Specification for Portland Cement Concrete" with a grand total of 17 pages. Since then,
there have been many iterations, changes, and improvements, including but not limited to the transition
from imperial to metric units and that the engineering community is a now much more diverse. The latest
edition published in July 2022, now has 93 pages and while it provides much more detail than the original
version there is still much in common with the principles, approach, and format of the 1962 version.

Also of more recent times, other documents have also become more relevant to concrete durability and concrete
durability requirements in TMR, including AS 5100.5 (2017) (2) and the Design Criteria for Bridges and Other
Structures (DCBoS) (2021) (3). The authors of this paper have been the current custodians of MRTS70
specification for around the last 15 years and this paper provides some insights and background to the
concrete technology and concrete durability journey in TMR over approximately the last 20 years and where it
may travel to in the future.

2. Approachto Concrete Durability for 100 Year Design Life Structures

At this point in time and for probably the last 40 years, concrete in both reinforced and prestressed forms has
been, and generally remains, the preferred construction material for bridge construction on the state road
network in Queensland. It has also been the preferred material for the various tunnel related projects in the
last decade. Some of the key aspects of the current requirements for concrete and concrete durability in these
bridge structures are highlighted in the following sections.

Exposure Classifications and Concrete Mix design

For almost the last 20 years, all bridge and other structural concrete elements have required a 100 year design
life with a minimum Exposure Classification of B2 to AS 5100.5. Thus if a structure is in an Exposure
Classification less than B2, the default minimum Exposure Classification for these elements is B2. This decision
was made in the interests of ensuring a 100 year design life could comfortably achieved, and was deemed to
offer a sound investment in the future of public infrastructure at the time.

For the majority of cast-in-situ bridge and structural elements, this typically results in 40 MPa concrete and 60
mm cover to reinforcement. For precast concrete elements including all box culverts, and prestressed concrete
deck units and Super Tee Girders this typically results in 50 MPa concrete and 40 mm cover with rigid forms (
steel) and intense vibration. For Super Tee Girders this also leads to a minimum web thickness of 120 mm.



With respect to concrete mix design TMR has relied largely on the specification of minimum cement contents
and maximum water cement ratios consistent with the current AS 5100.5 (2017) (2), with a minimum 25% fly
ash in the cementitious blend.

For exposure class C1 and C2 environments (for example, tidal salt water exposure and acid sulphate soil
conditions), cover to reinforcement is consistent with AS 5100.5 (2017) (2) with a mandatory requirement  for
either a triple blend cementitious system (e.g. 50% GP cement / 25% fly ash / 25% slag or 70% GP /  25% fly
ash / 5% silica fume) or a high (60%-70%) slag blend. The GP cement, fly ash and slag blend is  the most
preferred mix, but slag is typically only currently economically available in South East Queensland. TMR has
also had several problems with silica fume addition due to the soluble bags not breaking up completely due to
incorrect, or inappropriate mixing procedures.

To date TMR has not embraced the family of “durability enhancing admixtures” such as the crystalline
growth products and other similar or related products, as these products generally do not provide significant
performance or durability enhancement to TMR specification concrete mixes.

We have also not embraced the corrosion inhibiting type admixtures (refer NACOE S47 Report) (4) as we
are not confident that these products are effective in concrete towards the end of a 100 year design life,
when the of performance of these products performance is the most critical.

Bar Chairs

Since about the 2011 version of the MRTS70 specification was published, we have only specified high
performance concrete bar chairs, or stainless steel nibs welded to the reinforcement to maintain cover to
reinforcement in our 100 year design life concrete structures. From this time, we have not used plastic bar chairs.
Reasons for this include the risk of melting of bar chairs in fire situations, problems with control of quality and
grade of the plastic, problems managing the shape and stiffness, and the emergence at the time of the
continuous plastic bar chairs that clipped together. MRTS70 (2018) permitted the use of steel spacers when
used to create cover to existing concrete construction joint surfaces.

Cast in Place Piles

TMR now accepts two types of cast in place concrete piles for our 100 year design life bridges. The first of these
two types is what is known as an MRTS63 (2020) (5) type pile, which is a cast in place concrete pile with a
permanent sacrificial steel liner driven to the level of rock, with a socket then drilled into the rock. Any
frictional capacity of the pile above the socket is not considered in the geotechnical design. The socket and
sacrificial steel liner is then filled with reinforced concrete. The durability design of the pile (concrete strength
and cover to reinforcement) is conducted assuming the sacrificial steel liner is not present which leads to a
typical design of 40 MPa concrete and 90 mm cover to reinforcement (60 mm for B2 minimum plus 30 mm
additional cover as the socket is cast against ground). The sacrificial steel liner provides a significant durability
benefit, and also provides a significant construction advantage in that it provides an environment where a good
quality socket can be drilled and cleaned out and inspected (typically with a camera) and geotechnically verified
before the steel cage is placed and the concrete pile poured.

The second type of cast in place pile accepted is the driven steel tube pile with a reinforced concrete shaft
(MRTS64 (2020) pile) (6). The pile is effectively a driven steel tube acting as a friction pile with the pile then
filled with reinforced concrete from around the mid height of the pile up to the top. In this case the reinforced
concrete shaft is permanently protected from the environment and the minimum B2 Exposure Classification for
the concrete typically applies for the concrete in the shaft with a 40 MPa concrete and 60 mm cover to
reinforcement, and then for the section of concrete not protected by the steel tube, concrete strength and cover
to reinforcement as per AS 5100.5 is applicable dependent on the environment.

Substructures in Permanent Water

One of the most significant durability issues that TMR is currently managing with its bridge inventory is
deterioration of existing concrete bridge substructures permanently submerged in salt water, typically tidal salt
water near, or adjacent to, the coastline. Many of these structures were originally designed and built with a
nominal 50 year design life around 40 to 50 years ago, and are showing significant signs of concrete durability
related failure after around 50 years of service.. The concrete durability related failures are related to corrosion
of steel reinforcement and/or prestressing due to chloride ingress, sometimes in combination with akali silica
reaction / delayed ettringite formation related deterioration. Hollow spun reinforced concrete piles feature
prominently in these durability related failures with some examples shown in Figure 1.



Thus in order to be provide more confidence towards achieve a 100 year design life in these environments, the
preferred solution for bridge substructures permanent exposed to salt water environments is a cast in place pile
solution (MRTS63 (5) type pile) with the piles running directly up to the headstock protected by sacrificial steel
liner extending beyond the high tide level (HAT), or alternatively transitioning to columns at around highest
astronomical tide plus 1m, directly up to a headstock. Where this is not possible due to longer spans, or ship
impact scenarios, which require a large reinforced concrete pile cap, the preferred solution is a reinforced
concrete pile cap cast inside a permanent full or partial concrete sacrificial shell. Typically the permanent
structural concrete inside this sacrificial steel pile liner or pile cap shell, is still Exposure Class C2 concrete
and cover to reinforcement.

Figure 1 Examples of concrete pile deterioration in a marine environment

3. Steel Reinforced Concrete Pipes

For a period of time, TMR was specifying steel reinforced concrete pipes with a minimum 20 mm cover (marine
cover to AS/NZS 4058) (7) for all applications where standard cover (10 mm) was nominally required. This
was very unpopular with the steel reinforced concrete pipe industry and TMR has since reverted to standard
cover to reinforcement as per AS/NZS 4058 (7) for 'normal’ environments In the near future, TMR is looking to
re-engage with the steel reinforced concrete pipe supply industry with a view to harmonising with the Austroads
ATS2210 (8) specification for the supply of steel reinforced concrete pipes.

In relation to other pipe materials, TMR typically utilises steel reinforced concrete pipes or fibre reinforced
concrete pipes to (MRTS26) (9) for the majority of pipe drainage applications under and adjacent to the road
alignment. TMR does not use metal or plastic pipes for drainage applications under the road alignment.

4.  Alkali Silica Reactivity

Akali-silica reactivity between aggregates with reactive silica and the alkali in the cement was an issue with
bridges constructed with precast prestressed concrete deck units and precast prestressed concrete piles
constructed from the late 1970’°s up until around 1995. It is estimated that TMR has around 300 bridges currently
affected with ASR to varying extents on the network. More detail on TMR’s experiences with ASR is covered
in another paper to be presented at this conference.



5. Manufactured Sand

Manufactured sand, or crushed fine aggregate, has been in use in Queensland for over 20 years. In the
beginning its use was restricted to a maximum percentage or around 25 to 40% of the total fine aggregate
in a concrete mix. In the current MRTS70 (July 2022) (1) Specification, this has increased to an allowable
percentage of manufactured sand of 75% of the fine aggregate proportion and permits 100% for precast
concrete mixes where satisfactory performance can be demonstrated.

6. Cementitious Materials

In 1962, the cementitious materials specification for concrete for Main Roads was that "all cement wasto  be
Portland Cement Type A ordinary or normal cement" of an approved brand compliant with Australia Standard
A2 and manufactured in Australia and typically supplied through one supplier.

Over time the cementitious material specifications have changed in the 1980's and 1990's to 75% GP 25% fly
ash blend which is still used in many situations today along with some of the triple blends discussed in Section
2 of this paper.

Cementitious materials are now internationally traded commodities with a total of around 13 current TMR
registered suppliers into the Queensland market including locally manufactured product and fully imported
products with quality managed through the ATIC CMRS second party registration process.

7. Thermal Controls and Heat of Hydration

Before around 2009, most typical TMR bridges were designed and constructed without any real awareness
or concerns related to heat of hydration and cracking due to differential temperatures. Obviously on larger
bespoke type bridge construction (such as the Gateway Bridge) these aspects were considered. The lack of
consideration for typical TMR bridges was primarily a function of relatively small member cross sections
(headstocks) and the predominance of prestressed concrete piles up to a headstock as the predominant form
of sub structures (that is, no pile caps). This all changed around 2009 during the construction of a long
bridge (approximately 3 km long constructed with typical 1800 mm deep Super Tee Girder spans which
involved very large cross section headstocks with an accelerated construction program and a resulting high
cementitious content concrete mix. Some unexpected cracking of the headstocks was noticed, and
subsequent temperature monitoring identified excessive temperatures due to the heat of hydration. The
advent of jacking shelves on TMR headstocks around this time, and the later developing earthquake design
requirements have also continued to increase cross sections for headstocks.

Since the 2011 version of the concrete specification MRTS70, TMR has required an analysis of thermal
effects related to heat of hydration and specified monitoring of the temperature at the centre of the cross
section and differential temperatures for all concrete elements with a cross section exceeding 1 m by 1 m,
or exceeding 1 m in diameter. Limits associated with this monitoring have been maximum 75 °C core
temperature and a maximum 25 °C differential temperature. The maximum core temperature has been
increased to 80 °C from July 2022, noting that all TMR Concrete is manufactured with a blended cement,
with no straight GP Cement concrete mixes used.

Some of the learnings and rough rules of thumb associated with this have been:

1. Temperature increase during hydration is typically 10 °C per 100 kg of cementitious material
per cubic meter in the concrete.

2. Both chilled water and ice addition are effective at reducing the placement temperature of
concrete.

3. Approximately 10 kg of ice replacing 10 litres of mixing water per cubic metre of concrete
reduces the temperature of the concrete by 1 °C.

4. The practical limit for ice replacement of mixing water is around 70 to 80 kg per cubic metre to
leave some water for mixing and the free water in the aggregates.

5. The typical practical minimum concrete placement temperature throughout Queensland is
around 25 °C.

6. Typically two sheets of form ply is adequate for typical TMR headstocks in QLD conditions to

manage differential temperatures.

Very occasionally on large pile caps internal cooling pipes have been required.

A reduction in the concrete placement temperature typically leads to an identical reduction in

the maximum concrete temperature during hydration.
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8. Steam Curing

Precast prestressed concrete components have been the mainstay of bridge construction in Queensland for
well over 40 years. These components have typically always been cast in permanently established precast
yards located in Brisbane and in the major regional coastal towns and cities in Queensland. To enable efficient
daily casting cycles, heat accelerated curing by steam, and more recently in some applications hot water
circulated through steel forms has been used to help achieve a concrete transfer strength of 35 to 40 MPa in
around 12 to 16 hours using a high cementitious content concrete mix which is typically equivalent to a standard
70 to 80 MPa concrete. A more detailed discussion in steam curing is included in another paper to be presented
at this conference.

9. Superworkable Concrete

TMR, in conjunction with a Central Queensland precast company known as BB and D Constructions at the
time, along with Boral Concrete first began utilising superworkable Concrete (also known as self
compacting concrete) around 2006 for use in prestressed precast concrete piles and deck units. The
specification for this concrete has remained largely unchanged as was developed at that time with the
principal requirements being a spread of 650 to 700 mm plus or minus 50 mm and a Tsoo (time to spread of
500 mm) of less than 5 seconds. The J Ring pass ability was originally used during initial trials and mix
design development but has generally not been used as compliance measure during production testing.
More recently the VSI (Visual Stability Index) with a required value of 0 or 1 has been introduced during
mix design approval and production testing to help ensure consistency and performance, but visual
observations of performance during placement are still required.

This concrete is now used in a significant majority of precast yards in Queensland for all conventionally cast
components, with only some casting yards that focus on Super Tee Girders and deck units electing to still use
high slump (180 mm plus or minus 40 mm) concrete.

To ensure that superworkable concrete used without external or internal vibration in rigid steel moulds can
be used with a cover to reinforcement specification consistent with rigid forms and intense vibration, TMR
has used the RCPT test to ASTM C1202 (10), with a specified value of less than 1000 coulombs.

To date TMR has typically only permitted superworkable concrete to be used in precast yards, with only
the occasional use on specialist insitu works with a high level of supervision. TMR has also generally not
utilised superworkable concrete in cast in place piles.

10. Concrete for Cast In Place Piles

Nonconforming cast in place piles have historically caused the most problems with bridge construction over
the last 10 to 15 years in TMR with some typical examples shown in Figure 5. The vast majority of the non
conforming cast in place piles have been caused by, or related to the performance of the concrete mix in its
plastic state, and or related problems with the placement of the concrete. Cast in place piles, either an
MRTS63 (2020) (5) specification pile with a permanent sacrificial steel liner and with a socket into the rock,
or an MRTS64 (2020) (6) specification pile which is effectively a driven steel tube pile with a cast in place
concrete shaft are becoming far more common on TMR bridges due a combination of ground conditions,
bridge loading, and the earthquake design requirements of AS5100 (2017) (2) which make a single row of
PSC piles up to a headstock an ineffective substructure solution.

Figure 5 Some typical defects from cast in place pile construction.




Since the 2018 version of MRTS70 was released the concept of high workability concrete (typical spread of
500 to 600 mm) has been introduced along with the Bauer Filtration Test for all cast in place piling concrete,
with further tightening of requirements of the filtration test in the recent MRTS70 (July 2022) (1) version, in
order to provide a concrete mix that can be more reliably placed in cast in place piles without defects. Since the
introduction of these requirements the number of defective cast in place piles has significantly decreased with
the majority of problems now related more to excessive retardation of the concrete leading to consolidation
of aggregates in the plastic concrete due to the significantly delayed set.

11. Design Codes

It is generally acknowledged that there are a number of issues with the current AS 5100.5 (2017) (2) Code
Section 4 Durability which have implications for concrete supply and concrete durability that cause concern
within the industry. There is currently work being completed on proposed amendments to AS 5100.5
Section 4. It is expected that the detail of these proposed amendments will soon be available for public
comment and consideration.

With respect to design of concrete structures there are also some issues that appear to be starting to drive
construction related outcomes that are not always sensible and economic, and there is a need to be more
aware of these issues and look to manage and evaluate some of these more carefully in the future. A
particular current example of this is the shrinkage calculations, particularly the effects or restrained
shrinkage associated with casting in situ concrete decks on precast prestressed concrete deck units and
girders.

12. Sustainability and Recycling

The sustainability push and carbon reduction requirements for concrete are definitely real, and are fast
gathering momentum. Contractors are continuing to search for new initiatives that can be implemented to
reach the required rating. The challenge is to achieve real progress that delivers equivalent or better
performance to current concrete practice and be alert and aware of options that may be more aligned with
marketing claims that are sometimes difficult to substantiate, or may not lead to sensible and economic
outcomes.

Geopolymer

Amid growing interest and excitement around geopolymer and its potential benefits for sustainability, TMR
joined with ARRB in 2015/16 to deliver a review of the current state of understanding (NACOE S19) (12).
This review investigated the experiences different authorities had had with geopolymers and how the
material had been specified. The report concluded that geopolymers could match most properties of
conventional GP Cement based concretes, but that there was uncertainty about long term properties, such
as creep and durability. As such, it recommended that geopolymer be permitted as an alternative for lower-
risk applications and that any application be monitored to assess and evaluate long-term performance.

In the years that followed it became clear that industry was looking for leadership and guidance. With the
biggest stumbling block being the lack of a standard or specification. A Standards Australia handbook or
standard had been in the development for some time, but to date not yet released. In that context, the
department published a specification MRTS270(2018) (13) in November 2018. This specification permitted
geopolymers to be used in precast elements with a design life of 50 years or less, and provided requirements
for material properties as per Table 7.3.1 of MRTS270 managed as performance based mix designs) and
construction.

Since 2018, to mid 2023, no potential suppliers of geopolymer concrete have yet submitted a geopolymer
concrete mix for assessment or approval. Those with existing products have stated that commercial viability
remains a factor in conducting the required testing and further development. In more recent years, the focus of
sustainable concretes seems to have shifted to higher supplementary cementitious loadings without removing
the entire GP cement portion (as the case is for geopolymers). It is envisaged that geopolymers may find a niche
but this is unlikely to be in significant volumes in road infrastructure. Its particular benefit is where it can out-
perform conventional GP cement based concretes, such as acidic environments (e.g. sewer pipelines).



Cementitious Blends

Since the early to middle 1990's the default cementitious blend used throughout Queensland for all TMR
concrete has been the 75% GP Cement, 25% fly ash blend. In the early to middle 2010's this began to slowly
change to a 50% GP, 25% fly ash, 25% slag triple blend which was originally specified for durability in
Exposure Class Cl and C2 environments. However, with the increasing push towards achieving
sustainability and the need to manage heat of hydration in larger concrete pours, this 50% GP 25% fly ash
25% slag blend has become almost the default cementitious blend used in South East Queensland for TMR
concrete. Unfortunately slag supply outside of south east Queensland is still somewhat problematic due to
logistical and cost issues associated with transport and silo availability at concrete batch plants. However
with time and some capital investment, these problems are expected to ease.

The current MRTS70 (July 2022) (1) has reduced the typical minimum GP Cement content in blends down to
40% GP cement for GP / fly ash / slag blends and 30% for GP/slag blends. At this point in time it is expected
that this will be the practical minimum for GP cement reduction, although future development of activators for
these low GP cement concrete blends allow further reductions to be considered. At this point in time TMR is
not supportive of reductions in the clinker content of GP cement, preferring to maintain the current GP cement
specification in AS 3972 (2010) (14) to allow the ability and flexibility to blend other ingredients with the GP
cement. This does not necessarily preclude the development of other cement types in the future, for other
applications.

Recycled Aggregate

As part of the drive towards more sustainable materials, the opportunities for using waste material in concrete
are being highlighted and investigated at an increasing rate. One of these avenues is the use of recycled
aggregates, a category that includes crushed concrete (e.g. demolition waste), crushed glass, and aggregates
reclaimed from fresh returned concrete. TMR initiated a NACOE project (S51(2021)) (15) in 2020 to
investigate the technical feasibility of using these materials, looking at the risks involved and the challenges that
may be encountered. While no testing was conducted as part of the project, data was received from various
suppliers and compared to published research and Australian  Standards.

The project found that recycled aggregates could be used in concrete to produce a reasonable product, but
as more aggregate is replaced in this way the performance drops off and becomes more variable.
Therefore management strategies need to be put in place, including specifications and rigorous quality
controls. MRTS70 (July 2022) (1) permits replacement of 20% aggregate (like for like) in normal class
concrete, as long as the recycled aggregate complies with AS 2758.1(16) with some modifications (e.g.
higher water absorptions, cleanliness requirements). This approach gives opportunities to supply material
in low risk applications while building up knowledge of variability and effectiveness of controls.

The department’s research also showed that logistical and commercial realities may be a determining factor
in the use of recycled aggregates since extra storage areas would be required if blends (virgin plus recycled)
are created at the batch plant and there are other uses of waste material that have less stringent requirements,
or higher acceptable price points.

13. The Future and Conclusions

At this point in time, the push towards sustainability, recycling and future material supply and supply chain
issues is dominating the future for TMR concrete specifications. TMR also has a significant program of
infrastructure delivery and construction in progress, and demand for concrete in Queensland is going to continue
to push the boundaries with a combination of TMR projects, and other infrastructure related to the 2032
Olympics all competing for concrete and material supply.

At this stage we believe that we have reached or are approaching the limits of possible GP cement reduction in
our structural concrete cementitious blends, and while it is expected that recycled aggregate will become more
available and more suitable with time, it is not expected, at this stage, that this will be a major source of
aggregate for structural concrete in  QLD.

Geopolymer concrete does not appear to be the preferred or clear way forward in the concrete supply market
place. It would appear that the low GP cement blends with some form of activating technology to keep the
performance equivalent to normal higher GP cement blend concretes is the most likely way forward in the
near future.



It should be noted that regardless of whether concrete with low GP cement blends, or geopolymer concrete s
the way of the future, fly ash and slag availability will be key component materials. Currently all slag, which
is a by-product of the steel making industry, used in Queensland is typically imported from Asia and ground
locally. Fly ash which is a by-product of burning coal typically in power station furnaces, is collected directly
from coal burning power stations in Queensland.

A current priority for TMR is to evaluate the suitability of fly ash reclaimed or re-processed from current waste
fly ash deposits associated with most powerstations in Queensland noting that a significant majority  of the
fly ash currently used on the east coast of Australia currently originates out of Queensland.

While concrete is sometimes cast as one of the potential problem children in the current carbon reduction race,
we must continue to remember that concrete in all of its various current forms, is still an incredibly versatile,
durable, available and very cost-effective construction material, for which we currently, in many applications,
do not have a real viable alternative.
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