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Abstract: Reduction of CO, emissions associated with construction, particularly for concrete, has
become a high priority in Australia. Until recently, little focus has been placed upon buried structures
such as reinforced concrete pipes (RCP). In response to demands for a reduction in Portland cement
(PC) content and inclusion of recycled materials, Reinforced Concrete Pipes Australia (RCPA) has
created a new product called EKOPipe which uses the proprietary “BX3” technology. BX3 has been
developed specifically for the zero-slump concrete used for dry-cast RCP and enables the replacement
of PC with supplementary cementitious materials at very high levels. The net effect is that BX3
technology reduces environmental impacts based on binder by at least 80%, and reducing embodied
CO2 for RCP by greater than 50% when compared to PC concrete. This paper explains the methods
used to produce dry-cast RCP, and reviews the development process and testing undertaken to verify
that the RCP made with BX3 technology meet the requirements for Australian Standard AS/NZS
4058:2007 for strength and durability. The primary assessment utilised in AS4058 and presented here
are pipe load and water absorption testing, although other durability testing has also been used.
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1. Introduction

As has been stated in countless papers and presentations, usage of cement and concrete is responsible
for a significant proportion of carbon dioxide emissions globally. While much attention has been focussed
on reduction in the carbon emissions associated with concrete used in traditional applications, a
relatively small proportion of concrete is used in the production of steel reinforced concrete pipes in
Australia.

Based on information provided by Cement, Concrete & Aggregates Australia (1), approximately 29
million cubic metres of pre-mixed concrete is used in Australia per year. A “back of the envelope”
estimation of the concrete used in production of steel reinforced concrete pipes in Australia per year
yields an annual amount of 300,000 cubic metres, or approximately 1% of the concrete used in Australia.

While this may seem a negligible amount, based on published Environmental Product Declarations (2,3)
concrete produced for steel reinforced concrete pipes will generate carbon dioxide equivalent (CO2-e)
emissions in the order of 200,000 tonnes per year (cradle to gate emissions only — not including
installation). Although purely indicative, these data highlight the significant opportunity to reduce carbon
emissions in the manufacture of steel reinforced concrete pipes.

This paper presents the development of a commercially viable, low-carbon concrete pipe and the testing
regime used to ensure that it meets the performance requirements of the relevant standard.

2. Concrete Pipe Manufacturing

2.1. History to Modern Day

Going back as far as the Roman aqueducts, pipes or conduits have been used to convey liquids for
millennia. Concrete pipe as we know it has its roots in the USA in the 19t century when the first recorded
concrete pipe installation was constructed at Mohawk in New York State (4). Since that time, production
of concrete pipe has developed a range of technologies for the safe and efficient manufacture of steel
reinforced concrete pipe.

Processes such as hand-tamping, spun pipe, roller suspension, roller-head or packer-head, core
vibration, and others have been introduced in the last century and remain in use around the world.

Modern precast concrete pipe factories most commonly use either roller-head or core vibration casting
methods, as these have proven to be the most efficient technologies.

Selection of either technology will depend upon the product design requirements, which are primarily
dictated by the relevant national Standard or Specification requirements or at times by project specific
applications. Schematics of the equipment used for both roller-head (Figure 1) and core-vibration (Figure
2) technologies currently in use across Australia are provided below. These methods of manufacturing
place special requirements on the concrete mix design, especially when aiming for very low CO,
emissions.
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2.2. Standards

The durability of concrete elements is a function of (a) the chemical stability of the binding phases and
residual precursors when exposed to aggressive agents, including atmospheric CO,, (b) the expansive
and destructive nature of undesirable phases that form over time, (c) cracking resulting from physical
and/or chemical stresses, (d) permeability of the matrix, and (e) corrosion of the steel reinforcement (5).

Concrete durability is a complex subject and lies at the core of the prediction of service life. A lack of
confidence in the test methods for durability is the main reason for resistance in the industry
internationally to move towards performance-based standards, instead of the more prescriptive
standards specifying ranges of material composition.

Alexander and Thomas (6) explained that it is possible to relate service-life prediction models to
durability testing, even when it is known that the diffusion parameters in concrete are complicated by
several factors, including interaction between the diffusing species and the matrix, and the reduction of
diffusion coefficients with age. It is noteworthy that South Africa has developed a suite of durability index
tests — oxygen permeability, sorptivity, and chloride conductivity — and these are linked to service-life
models for the relevant deterioration mechanisms in reinforced concrete structures (7).

VicRoads Technical Note TN89 (8) justifying the use of Volume of Permeable Voids (VPV) according to
AS 1012.21 advocates the same strategy and is practically a performance-based standard. Confidence
in such performance-based standards should obviate the need for disclosure of concrete mix design in
quality control. There is increasing support for a performance-based approach in cement and concrete
standards instead of the restrictive prescriptive style in use (9,10).

The primary standard for manufacture of steel reinforced concrete pipe in Australia is already a
performance-based standard, i.e. AS/NZS 4058:2007 “Precast concrete pipes (pressure and non-



pressure” (AS4058) (11). This standard sets out the minimum requirements for all elements of
manufacture and testing of concrete pipes.

One of the key differences between the manufacture of precast concrete pipes and other concrete
structures is the ability to easily verify the performance of the pipe through load testing. This allows the
optimisation of pipe design to achieve the maximum possible design efficiency while maintaining
structural integrity and performance. This pipe standard also specifies a maximum % Water Absorption,
which is determined using the same test method as VPV, hence a measure of concrete permeability
and durability.

2.3. Dry-Cast Concrete

Another key difference in the production of precast concrete pipes is the increasing use of dry-cast
concrete. Also referred to as zero-slump concrete, dry-cast concrete uses the minimum amount of water
necessary for compaction of the concrete and cement hydration. This also results in a high strength
concrete, with no bleed water or water-of-convenience. Concrete mix designs achieving very low CO,
emissions in pre-mixed applications are not necessarily applicable to dry-cast, so that RCPA had to
develop new chemistry to suit its manufacturing methods.

Dry-cast concrete is somewhat unique in both the mixing and placement into the finished forms. Casting
requires either a high intensity mechanical compaction process (such as the roller-head system) or high
intensity vibration process (such as the core vibration system) to achieve the required compaction and
concrete density.

Often characterised by a textured surface finish different to that achieved using standard wet cast
concrete processes, dry-cast concrete has the significant advantage of being able to be removed from
the mould or forms immediately after casting has been completed. This allows the rapid re-use of the
moulds and achieves high production outputs. It is common for a precast concrete pipe manufacturer
using dry-cast technology to produce many hundreds of pipe per day using only 2 or 3 moulds.

3. Low-Carbon Concrete Pipes - EKOPipe

In 2007, RCPA started on a journey to develop a low-carbon concrete pipe product for the Australian
civil construction market. While much research had been done on alkali-activated concrete, this research
had not translated to an industrial pipe with all of the desired, and needed, properties, and that was also
safe and economical to use.

The more recent research in RCPA was aimed at minimising CO, emissions in dry-cast concrete while
achieving exceptional mechanical performance and durability, as well as safety during the handling of
the source materials, and the wet and cured concrete.

Extensive research continues to be published on alkali-activated and/or geopolymer concrete (12). Too
often, these concretes are viewed as a separate class of material rather than a continuum of blended
Portland concrete. Existing thermodynamic models for the prediction of binding phase composition need
to be expanded for geopolymer concretes (13), but to a large extent they should have a similar phase
assemblage to give a durable concrete.

Too often, the geopolymer community ignores the valuable work conducted on supplementary
cementitious materials used in blended Portland concrete (14,15). Moreover, excess alkali is too often
used in geopolymers in an attempt to force dissolution of source materials with low reactivity. Excess
alkali metal cations weaken cementitious binding phases and hence cause durability problems (16). In
contrast, if alkali-activation is used in a balanced way, highly durable concrete is possible (17).

Against this background, RCPA integrated various aspects of the published knowledge base on
cementitious materials with new findings on precursor dissolution phenomena, pore solution chemistry,
nucleation kinetics and surface chemistry to formulate BX3 technology.

3.1. Development Pathway

Given the unique properties for dry-cast concrete, it is difficult to replicate the required concrete
characteristics using standard laboratory equipment. An acceptable analogue for mixing and casting
trial concretes was developed to allow assessment of mix designs.

This development process involved the conceptualisation, formulation, and testing of many hundreds of
different BX3 binder designs to evaluate possibilities, a process which continued over several years until
a strong candidate was identified. Upon refinement of the mix design, RCPA was able to proceed to full
scale trials applying BX3 technology in EKOpipe manufacturing.



3.2. Production Trials

Due to equipment limitations, initial trials involved a significant amount of manual materials handling.
This limited the scope of trials to a small number of mixes, however it became quickly apparent that BX3
binder design was ideally suited to dry-cast EKOpipe pipe production.

Upon completion of the initial BX3 ftrials in 2021 (Figure 3), additional mix design refinement was
conducted and repeat trials performed over the following year. In 2022, RCPA committed to upgrading
equipment to facilitate the full-scale production of EKOPipe using BX3 at multiple sites across Australia.

Figure 3First proction tia/ of EKOPipe (finished pipe in yard awaiting testing)

3.3. AS4058 Load Testing

As the primary means of demonstrating load performance, the three-edge load test or proof load test
assesses the precast concrete pipe’s response under an applied load. The pipe must withstand the
required proof load without developing a crack of a width greater than a prescribed limit.

Cracks that develop under load are measured using specially shaped feeler gauges of thicknesses
ranging from 0.15mm up to 0.25mm, with the feeler gauge leaf having to enter the crack to a depth of
3mm at 50mm intervals over a 300mm length.

As part of the verification process for EKOPipe, numerous proof load tests were conducted on pipes
cast using BX3 technology with comparison tests conducted on equivalent pipes cast using standard

Portland cement concrete. All pipes cast and tested used the same moulds and reinforcing cage
designs.
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Figure 4 Load test results from initial production trial — 29 days after casting

The results of the initial load testing in Figure 4 clearly indicate that there is no decrease in load achieved
for both the proof load and the ultimate load for EKOPipes produced with BX3 Technology. This



comparable load test performance has been observed in all subsequent plant trials for EKOPipe
concrete pipes, which meet or exceed the load capacity requirements listed in AS4058.

3.4. AS4058 Durability Testing

The other primary performance test required in AS4058 is the Water Absorption (WA) test described in
Appendix F. As stated above, the testing of WA is related to VPV testing commonly used in Victoria, and
is effectively a performance-based method, although testing is done on core samples extracted from the
pipe wall, not on representative cylinders. This means that the test not only assesses the concrete
characteristics but also the casting method used.

Water Absorption of concrete cores must not exceed 6.0% to conform with the requirements of AS/NZS
4058:2007. Figure 5 shows that as of May 2023, after extensive testing over two years, the highest
recorded water absorption value for tests conducted on EKOPipe precast concrete pipes was 2.8%
which represents high-quality impermeable concrete. Figure 5 shows a comparison of EKOPipe
concrete water absorption testing, with a total of 30 tests conducted at time of writing, against the typical
PC concrete pipe test values recorded during routine quality control testing.
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Figure 5 EKOPipe water absorption (AS4058 App. F)

3.5. Other Performance Testing

As part of the development process, RCPA has also assessed a range of concrete properties not
required by the AS4058 standard. Testing conducted is listed below, with test values for EKOPipe with
BX3 shown in brackets where appropriate.

Concrete compressive strength (>50MPa)

Chloride penetration resistance (NT492 — <2.78x10'2 m?/s)

Steel corrosion (superior to PC)

Drying shrinkage (<600um @ 56 days)

Apparent volume of permeable voids (<10% - cylinders at 28 days age)

All tests indicated that EKOPipe with BX3 Technology was either equivalent to or had improved
performance when compared to test samples cast using standard dry-cast concrete pipe mix designs.

Detailed results of comparative testing are not provided in this paper as these values are not required
for compliance testing in accordance with AS4058 and as such there is not a body of data to compare
against. These tests are mentioned in the context of providing confidence for EKOPipe with BX3 when
compared to standard PC concrete pipe mix designs.

3.6. Sustainability Outcomes

The key driver in embodied carbon for concrete is Portland cement (PC) content. Through the
development of BX3 Technology, RCPA has been able to reduce environmental impacts based on binder
content at least by 80%, while maintaining equivalent or better performance when compared to standard
dry-cast concrete.



Initial life cycle assessment conducted indicates that this results in a reduction in CO2 emissions for
concrete used in EKOPipes of greater than 50% when compared to standard concrete pipes (Figure 6).
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Figure 6 CO2-e indicative data (units = kg CO,-e per tonne of concrete)

Due to governing body requirements, a full Environmental Product Declaration (EPD) for EKOPipe
cannot be developed until sufficient data is available (typically 12 months of production information), a
high level of confidence in the mix design for EKOPipe with BX3 Technology exists to develop an initial
life cycle assessment demonstrating the expected CO,-e reduction.

There are no changes to any other aspect of the pipe life cycle when using EKOPipe with BX3
Technology:

1. Structural design process for EKOPipe is equivalent to standard concrete pipe;
2. Installation of EKOPipe is equivalent to standard concrete pipe; and
3. Service life of EKOPipe is equivalent to standard concrete pipe.

4. Conclusion

Precast concrete pipes are sometimes overlooked in terms of concrete production in Australia, possibly
due to the fact that, once installed, these key elements of modern life are invisible to most people.

The contribution of precast concrete pipes to the embodied carbon of civil infrastructure cannot be
ignored, and with the development of EKOPipe with BX3 Technology, RCPA has created a low-carbon
alternative that will still achieve the long service life for which concrete is renowned.
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