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Abstract: Concrete is one of the largest contributors to CO, emissions and waste in the construction
industry’s supply chain. Ordinary Portland Cement (OPC) contributes up to 88% of the emissions in the
concrete and the demand for low carbon concrete has attracted significant attention from the global industry.
It is challenging to create a product with less cement, while maintaining high early age strength, lower
shrinkage, good placement characteristics and good finishing properties to meet market demands and
comply with Australian Standards. Hanson Construction Materials Pty Ltd has developed a concrete product
that reduces the amount of ordinary Portland cement required by 50% to 70%, while improving early age
strength and shrinkage properties. This innovative concrete is based on technology named ECOTERA™
and HySustain™ in the Australian markets. An original and innovative new concrete product that
significantly reduces the need for cement by 50% to 70% with good early age strength and the ability to
pump, place and finish, while cutting shrinkage in half, achieving 250 — 450 microstrain and improves
concrete durability. The paper describes the practicalities of developing a low embodied carbon concrete
and the barriers to bringing such a product to market in the modern Australian concrete market.
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1. Introduction

The production of concrete from locally sourced materials coupled with its durability, versatility, and fire
resistance makes it the most widely used material throughout the construction industry. The potential to
reduce global carbon emissions, by reducing the embodied carbon of such a widely used material is not in
doubt. In recent times the production of low carbon concrete has attracted significant attention due to the
amount of CO2 the concrete industry emits. Much of the embodied carbon of concrete comes from the
binder, the cementitious material. Cement production is the biggest contributor of CO2 emitted during the
production process of manufacturing concrete and its raw materials. Cement emissions are up to 88% of
total CO2 emitted by concrete.

Despite these environmental concerns, concrete continues to be the most widely used man made material
on earth and Portland cement-based concrete makes up a large percentage of the concrete being used.
This indicates that there continues to be a need for a practical alternative to Portland cement-based concrete
in the marketplace. Numerous attempts have been made to develop concrete designs that contain less
Portland cement yet retain the desired properties of Portland cement-based concrete.

A difficulty with designing concrete mixes is that relatively small changes in composition can have significant
impacts on the performance of the concrete, including plastic placement, finishing properties, early age
strength, shrinkage and MOE. In particular, it has been difficult to replace Portland cement in concrete
designs and maintain an acceptable level of dry shrinkage, early age strength and/or a high percentage of
supplementary cementing materials (SCMs) in concrete, to meet market demands and comply with the
Australian Standards. In other words, Portland cement confers some favourable properties in concrete and
it has been difficult, to date, to find a replacement cement that confers similar properties.

There is thus a need to provide a cement composition for use in concrete that overcomes one of the
problems associated with prior art cement compositions. There is a need for a cement composition for use
in concrete that does not require large amounts of Portland cement to achieve the desired properties. This
makes concrete more environmentally friendly, while meeting environmental specification requirements for
structures.



2. Experimental details for ECOTERA

Hanson began designing and trialing high performance sustainable concrete in 2019. After 18 months of
exhaustive laboratory testing, this led to the development of prototype trials in 2021. Hanson has
successfully achieved a product that reduces the need for OPC by 50% to 70% with good early age strength
and ability to pump, place and finish, while cutting shrinkage in half, achieving 250 — 450 microstrain and
improving concrete durability. This innovative concrete is based on technology named ECOTERA™ and
HySustain™ in the Australian markets.

2.1 Mixture Proportions

The objective of the testing programme was to compare ECOTERA concrete to conventional concrete
across a range of performance attributes. Standard 50 MPa concrete with 25% fly ash was compared to
two 50 MPa ECOTERA concretes, one containing 50% Slag and the other 65% Slag [9]. Similarly,
conventional 40 MPa post-tension and precast mixes containing 10% fly ash were compared to 40MPa
ECOTERA concretes with 50% Slag. The binder proportions are detailed in Table 1.

Table 1. Binder proportions for ECOTERA

Mix Code 210611 210612 210614 210645 210647 210648
Conventional Conventional ECOTERA Concrete [ECOTERA Concrete
Mix Type ECOTERA Concrete [ECOTERA Concrete [Concrete for Post  |for Post Tension & |for Post Tension &
Concrete .
Tension & Precast |Precast Precast
Concrete Grade 50MPa 50MPa 50MPa 40MPa 40MPa 40MPa
. " 75% GP + 25% Fly [50% GP + 50% 35% GP + 65% 90% GP + 10% Fly [50% GP + 50% 50% GP + 50%
Binder composition
ash Slag Slag ash Slag Slag
Total Cementitious |5/, 540 540 410 410 410
(Kgs/m3)
Water (L) 180 180 180 195 182 190
Design Slump 150 150 150 120 120 120
Admixtures complies
with Australian AS1478.1:2000 AS1478.1:2000 AS1478.1:2000 AS1478.1:2000 AS1478.1:2000 AS1478.1:2000
Standard

2.2  Methods for Trials and Testing

The trials were carried out in accordance with AS 1012.2 methodology for testing concrete and preparing
concrete mixes in the laboratory. The fresh and hardened properties of concrete testing are listed in Table
2. The concrete was also tested for long-term structural durability and sulphate resistance.

Table 2. Concrete properties tested for ECOTERA

Property Tested Test Standard
Laboratory trials AS 1012.2
Fresh Concrete Curing AS 1012.8
Slump retention AS 1012.3.1
Compressive strength AS 1012.9
Drying shrinkage AS 1012.13
Hardened Concrete =\ ide content AS 1012.20.1
Flexural Strength AS 1012.11
Sorptivity RMS T362
Accelerated chloride penetration NT Build 443
Durability Chloride migration (Non-steady-state) NT Build 492
AAR Testing - RMS T363 RMS T363
Mortar - Sulfate expansion AS 2350.14




3. Test results and discussions for ECOTERA

3.1 Workability

Freshly mixed concrete stiffens with time, and this affects its compaction during placement. It is therefore
important that the concrete will retain its workability during transportation and placement. Concrete of
medium to high workability is generally tested on sites all over the world with the slump test. Although not
a direct measure of all aspects of workability, the slump test can detect variations or changes in the
consistency of a given mix.

To assess the effect of time on the designed ECOTERA mixes, the workability of the conventional 50 MPa
concrete mix was compared to two ECOTERA mixes over a duration of 90 minutes. The results are shown
in Figure 1. The results show at an initial slump of 180 mm, the ECOTERA mixes retained their workability
longer than the conventional mix. It is apparent that slump retention of ECOTERA concrete can be
effectively controlled for its transportation and placement [9].
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Figure 1. Loss of slump with time since completion of mixing (50MPa)

3.2 Compressive Strength

Compressive strength is the most significant property of concrete that relates to its quality and performance
because it is directly related to the structure of the hardened concrete. Compressive strength is the dominant
factor considered in the design of reinforced concrete.

50 MPa Concrete

The strength development curves of the 50 MPa concretes are presented in Figure 2. The data presented
shows the ECOTERA concrete with 50% slag, developed high early age strength, without a significant long-
term strength reduction. The ECOTERA concrete with 65% slag developed similar early age strength as the
conventional mix [9].
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Figure 2: Strength development of concrete with and without ECOTERA (50MPa)
40 MPa Concrete

The compressive strength development of conventional post-tension (PT) and precast 40MPa concrete mix
containing 10% fly ash and ECOTERA concrete are compared in Figure 3. The results show that
conventional concrete with 10% Fly ash and ECOTERA concrete with 50% slag have similar early age
strength development. Early age strength in concrete is critical for post-tensioned applications which
facilitate rapid stressing of the elements and precast application for lifting the precast element safely within
18hrs from production.
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Figure 3: Strength development of conventional PT and ECOTERA concrete (40MPa)
3.3 Flexural Strength

Many concrete structures are subjected to bending moments, such as pavement, beams, and slabs. While
reinforcement contributes to the resistance of a concrete element in tension and bending, flexural strength
is a key parameter in the engineering design of the concrete member, and higher flexural strength can lead
to reduced member size [9].

The flexural strengths of three concrete mixes were investigated. A standard 40MPa post tension mix and
40 MPa ECOTERA concrete. The results presented in figure 4 show the mixes had similar compressive



strength in the range of 45 MPa to 50 MPa. However, the flexural strength of ECOTERA concrete was
significantly higher than the conventional mix. At 28 days the flexural strength of ECOTERA concrete was
9.2 MPa, compared to 5.4 MPa for the conventional concrete. This is an increase of 70% increase in the
flexural strength of ECOTERA concrete over the conventional concrete.
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Figure 4: Comparison of flexural strength and compressive strength (40MPa)
3.4 Drying Shrinkage

The shrinkage of concrete structures is largely related to cracking. It is a design parameter in the estimation
of crack width of reinforced concrete structures. In assessing the influence of ECOTERA concrete on the
shrinkage, ECOTERA concrete and conventional mixes were designed by keeping constant the quantity of
the constituent components. However, portions of the supplementary cementitious material component in
ECOTERA concrete mixes were replaced with ECOTERA. By keeping the components constant, the effect
of ECOTERA on shrinkage is isolated [9]. Figure 5 shows the drying shrinkage of conventional 50 MPa
concrete and ECOTERA concrete.

The results show a significant reduction of the drying shrinkage at 28 days and 56 days. At 28 days the
reduction was 52% for ECOTERA concrete with 50% slag, compared to 43% for ECOTERA concrete with
65%. While at 56 days the reduction in ECOTERA concrete was 44% for 50% slag and 43% for 65% slag.
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Figure 5: Drying shrinkage of conventional and ECOTERA concrete (50MPa)



3.5 Embodied Carbon Reduction

ECOTERA achieves 50% cement replacement and developed high early age strength without
compromising long-term strength. This is a game changer for post-tensioned, jumpform and pre-cast
applications. Even though cement is replacement by up to 50%, there is no loss in early age strength
between 1 day to 5 days, shrinkage is also significantly reduce and 3 green star points are achieved [7].
Table 3 shows the reduction in CO, from conventional 40 MPa post tension to ECOTERA concrete.

Table 3. CO, reduction in Post Tension & Precast Concrete tested for with ECOTERA

210611 210612 210645 ! 2106eS
" ) (Conventional (ECOTERA
Mix Code (Conventional (ECOTERA
Concrete) G ) Congrete for Post Congrete for Post
Tension & Precast ) |Tension & Precast) |
Concrete Grade 50MPa 50MPa 40MPa 40MPa
GP Cement 405 270 369 205
|Slag 0 270 0 205
Fly Ash 135 0 41 0
Embodied Carbon (399 316 363 240
Content (kg, CO2-
e/m3)
Cement reduction  [32% 55% 22% 57%
based on GBCA
Green Star Point |1 3 1 3
(a) 40MPa reference case in the Green Building Council of Australia (GBCA) rating tool [7] (b) Cement
and SCM CO2 only based on Australia industry CO2 data. ( ¢) Green Star rating 3 (2 points for cement
reduction and one point for manufactured sand and recycled water use).

3.6 Field Performance

e ECOTERA (HySustain™) concrete was used in One Sydney Harbour Barangaroo South Stage R2 &
R3 towers. Concrete was pumped up to 86 levels in the R2 tower and used in R3 tower for post-tension
concrete 12MPa at 1 day and 22MPa at 3 days. Below is a summary of CO,-e, percentage of SCM’s
and early age strength results in a 40MPa concrete mix used.

Table 4. CO2 reduction in Post tension Concrete tested for ECOTERA (40MPa)

One Sydney Harbour Barangaroo South Stage - R3 Tower
. Embodied Carbon .
Mix Code et Indicative Slag | Indicative Fly Ash |Content (kg, CO2- |Cement reduction | o star Point
Cement e/m3) based on GBCA
ECOTERA
Concrete 40MPa 240 140 60 234 50% 3
(Post tension
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Figure 6: ECOTERA Field strength results from R3 Tower (40MPa)



e Western Precast has supplied the ECOTERA (HySustain™) panels on the Project - Traction
Substations with GC Civil and Systems Connect as part of the Sydney Metro City & Southwest Line-
Wide Works Package for TINSW. Below is a summary of CO,-e, percentage of SCMs and early age
strength results in 50MPa concrete mix.

Table 4. CO2 reduction in Precast Concrete tested for ECOTERA (50MPa)

Traction substations (TfNSW) - Sydney Metro City & Southwest Line
Embodied Carbon
. Indicative GP L Cement reduction .
Mix Code Cement Indicative Slag :«:‘:\;)ent (kg, CO2- based on GBCA Green Star Point
ECOTERA
Precast Concrete o
50MPa (15MPa 235 235 275 60% 3
@ 24 hrs)
70 300
s 626

o B o [o2]
o o o o

No of samples

Compressive Strength - MPa
n
o

o

1 day 7 days 28 days

o

u 50MPa ECOTERA Precast 15@1day 50% (Slag) ® No of samples

Figure 7: Field strength results from Western Precast ECOTERA panels (50MPa)

Disclaimer: HySustain™ uses the same concrete technology as that in Hanson’s ECOTERA™ High Performance Low
Embodied Carbon Concrete.

4. Durability performance of ECOTERA

Durability of ECOTERA™concrete is significantly enhanced. Chloride diffusion and migration coefficients
are improved by more than 50%. The improvement is significant to the extent that the chloride diffusion and
migration coefficient of concrete with 50% slag replacement is improved below the maximum limit specified
by TINSW for C2 exposure classification, and noting 50% slag replacement is only specified for B2 and C1
exposure [8]. Further, resistance to chemical attack of ECOTERA™concrete is not adversely affected as
demonstrated in comparative ASR testing.

5. Challenges in developing and marketing ECOTERA

It was very challenging to develop a low embodied carbon concrete by partially substituting cement with
slag. Partial replacement of cement with slag normally results in a significant decrease in early strength,
directly proportional to the slag content in the concrete mix as slag reacts more slowly than cement.
Furthermore, the increases in slag, tends to increase the overall shrinkage in the concrete. The development
of ECOTERA overcomes these major challenges in the workability and finishability of the concrete mix,
while still maintaining high early age strength and lower shrinkage, all while using 50% to 70% slag in the
mix. Developing an innovative product was one challenge, the second part of the challenge was the
implementation and execution. Overcoming the barriers for designers, engineers and concreters, to use the
newly developed product in the market for post tension and precast applications was very challenging,
especially considering the high risks associated with this, for example, the risk of failure at early strength.
The high performance of ECOTERA product has proven very well in the market, making it a safe choice as
it requires no additional safety requirements compared to standard concrete and therefore can be pumped,
placed and finished within standard WHS requirements.



6. Conclusions

ECOTERA low carbon concrete is suitable for applications that need early age strength like post-tensioned,
jumpform and precast. ECOTERA concrete with 50% slag replacement developed high early age strength
without compromising long-term strength. The low shrinkage (250 — 450 microstrain) properties will enable
greater engineering options for designers, specifiers and architects. ECOTERA concrete with 65% slag
content developed similar early age strength as conventional concrete with 25% SCM. This is valuable for
vertical elements to speed up the construction without having prolonged high pressure on the formwork and
most significantly, a reduction in CO, emissions.

General benefit to the industry is a concrete product that will reduce the CO2 emissions on construction
projects. Compliance with minimum 3 Green Star requirements, Australian Standard specifications and
exceeding sustainability targets required by the construction industry.
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