





level of energy required to produce the
recycled material exceeds the energy
required to produce the virgin raw material.”

“Furthermore, for a process to be
considered to be truly sustainable, it must
also be financially viable - both in terms of
capital investment and on-going operating
costs,” he said.

“With that in mind, these new systems
have been developed to provide a cost-
effective and highly efficient, scalzble glass
aggregate recycling solution to meet the
needs of a wide range of applications,
delivering a solution which is sustainable in
both the short and long term,” he added.

The new Glass Aggregate recycling
systems, which are marketed exclusively
throughout Australia by Queensland-based
materials handling equipment specialists
Rowland & Associates, have been designed
with an emphasis on reliable performance
and ease of use. Systems are available to
suit all levels of processing throughput,
ranging from the compact H-100V model -
which is designed to process between
120kg and 250kg per hour - through to the
high capacity GM1 system, which is capable
of processing up to 20 tonnes of material
per hour.

In addition, the compact modular design
and flexile installation options not only reduce
the overall equipment ‘footprint’ required,
they also enable the Glass Aggregate
recycling systems to be easily integrated
into existing material production lines.

All systems have been designed to

function as a ‘one pass’ process, which
eliminates the need for sorting and/or
pre-breaking, whilst also removing metal
caps, plastic caps and labels. The units can
be setup to produce a variety of crushed
aggregate sizes, ranging from 0.25mm
through to 5Smm.

“We believe that these new systems offer
the ideal sustainable glass aggregate
recycling solution,” Craig Fraser said.

“They're available in a range of capacities
to suit a wide variety of applications, they're
easy to install and integrate into existing
production facilities, and they deliver a
consistent, high quality end product -
quickly and efficiently.”

Glass is one of a unique range of materials
that can be recycled without any loss of
quality. It is non-metallic and inorganic and
is completely inert. It will not corrode or
degrade in any manner.

Glass aggregate, is a crushed material
made from 100% mixed glass (clear, brown
and coloured) from both post consumer
and manufacturing sources. When glass is
properly crushed, the resulting material
exhibits a coefficient of permeability similar
to coarse sand.

Interestingly, however, when compared
to rounded sand, the high angularity of
recycled glass aggregate material provides
some additional benefits, and indeed, may

also enhance the stability of some asphalt
mixes. Recycled glass aggregate is also
known for its heat retention properties,
which can assist with heat retention in hot
mix asphalt during transportation, whilst
also helping to decrease the depth of frost
penetration in some pavements.

Whilst the practice of using of recycled
glass aggregate in concrete, asphalt
pavements, road base and sub-base is still
in its infancy in Australia, success
internationally, and positive results from
numerous Australian and international
laboratory and field trials - together with an
ever-increasing focus on environmentally
sustainable construction and manufacturing
- has resulted in a significant increase in
demand for recycled glass aggregate
materials.

Indeed, the utilization of recycled glass
aggregate for construction is being seen by
many as a major step forward in improving
the nation’s ‘environmental credentials’.
Not only does it reduce the environmental
impact of construction and road building
by reducing the demand for valuable raw
materials including cement (which in itself
generates significant levels of production-
related CO5 emissions), it also provides a
cost-effective and sustainable reduction in
the total amount of mixed glass waste
being sent to landfill.
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Recycled Glass Aggregate in Concrete

Although research into the use of
crushed glass as a partial replacement for
aggregate in concrete dates back many
decades, in recent years, environmental
considerations - including an ever-increasing
focus on reducing raw material usage,
recycling and, perhaps most importantly,
reducing the CO; equivalent emissions
associated with concrete construction —
have seen a major resurgence in interest in
the practice, with recycled glass aggregate
concrete now being successfully utilised in
a range of applications.

Interestingly, while one of the major
initial concerns with the use of recycled
glass aggregate related to the unstable

nature of glass in the alkali
of concrete - and more sj
possibility that it could ¢

alkali-silica reaction (A

further research has demonstrated tl

property can actually be used to
advantage, by grinding the material into a
fine glass powder (GLP) for incorporation
into concrete as a pozzolonic material.

Australian and international laboratory
trials have demonstrated that fine glass
powder (GLP) is able to suppress the alkali-
reactivity of coarser glass particles, as well
as that of natural reactive aggregates. The
GLP undergoes beneficial pozzolonic reac-
tions in the concrete and could replace up
to 30% of cement in some concrete mixes
with satisfactory strength development.

As part of their investigation the
performance of GLP in concrete under field
conditions, Ahmad Shayan and Aimin Xu
from ARRB Group in Melbourne conducted
a field trial using a 40 MPa concrete mixture,
incorporating various proportions of GLP
(0%, 20%, and 30%) as cement replacement.
Ten mixture formulations, some of which
also included sand-size crushed glass
aggregate particles, were used to cast ten
concrete slabs (1.5 x 2.5 x 0.25 m).Cylinders
and prisms were also manufactured from
the same batches at the time of casting for

the measurement of compressive and
splitting tensile strength, flexural strength,
shrinkage, expansion, ultrasonic pulse
velocity, volume of permeable voids, and
chloride permeability. Core samples were
drilled from the slabs at various ages for the
same tests (except tensile and flexural),
as well as for micro-structural examination.

Results showed that whilst the strength
gain was slower in GLP-bearing concrete up
to 28 days, at the age of 404 days all the
mixtures exceeded the 40 MPa target,
achieving a final strength of approximately
55 MPa. Importantly, the concrete
mixtures containing GLP also performed
satisfactorily with respect to drying shrink-
age and alkali reactivity, and there were
indications that GLP reduces the chloride
ion penetrability of the concrete, thereby
reducing the risk of chloride induced
corrosion of the steel reinforcement in
concrete. The results demonstrated that
GLP can be incorporated into 40 MPa
concrete at dosage rates of 20-30% to
replace cement without harmful effects.

In reporting the results of the trials,
Shayan and Xu concluded that:”...the use of
GLP provides for considerable value-added
utilisation of waste glass in concrete and
significant reductions in the production of
greenhouse gases by the cement industry.”
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Recycled Glass Aggregate in Asphalt

Australia produces an estimated 9 million
tonnes of asphalt material each year - a
significant proportion of which is utilised in
the construction and maintenance of the
nation’s road infrastructure network.
The demand for aggregate material by the
road construction industry represents a
significant proportion of Australia’s total
aggregate usage.

While recent years have seen a significant
increase in the use of recycled materials in
road construction and maintenance - both
in the form of Reclaimed Asphalt Pavement
(RAP) material, as well as other recycled/
reclaimed materials including: waste rock,
reclaimed concrete, reclaimed sealing

aggregate, crushed bricks, coal fly ash,
smelter slag, spent foundry sands, scrap
tyres, waste motor oil and waste plastic -
the use of recycled glass aggregate in roads
is still in its infancy in Australia.

Although crushed glass aggregate has
been used in road-base and asphalt
(Glassphalt) in the USA intermittently since
the 1960s, it is really over the past decade
that the practice has become more wide-
spread. Indeed, in recent years New York
City has experienced a significant improve-
ment in its glass recycling rate following
the development and implementation
of a comprehensive specification relating
to the use of crushed glass in both

road base and as a component of asphalt.

Interestingly, a major limiting factor in
the wide-spread uptake of recycled glass
aggregate in asphalt or stabilised sub-base,
is the concern surrounding the adhesive
bond between glass and the bitumen.
As an example, the high proportion of glass
aggregate (up to 40%) originally permitted
by the Washington Department of
Transport (DOT) for inclusion in asphalt in
the 1960s, resulted in rutting of the
pavement and ‘stripping’

In general, aggregates can be classified as
hydrophobic or hydrophilic of which the
former is acid attributed to the silicate
(Si02) constituent, while the later is alkali

Mobile Demonstration Unit

To enable companies to make
their own on-site assessment of Glass
Aggregate recycling, Rowland &
Associates has made available a
mobile glass processing unit for
demonstrations throughout
Australia.

Companies wishing to take advan-
tage of this trial should contact
Rowland & Associates on: Ph: (07)
5574 4588 or Email:info@rowland.ws
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due to the dominant calcium carbonate
(CaCO03). Glass is classed as hydrophobic,
which results in a low asphalt absorption
capacity, and subsequently causes
adhesion problems, or ‘stripping’
Importantly, this major limitation has been
overcome with the addition of a lime-based
additive, enabling the drawing out of the
beneficial volume stability of glass - its
resistance to cracking during dramatic
variations in temperature.

In addition to the naturally hydrophobic
state of glass, inappropriately crushed glass
demonstrates long and flat particles, which
also contribute to stripping. The glass
particles with a larger surface areas cause
stripping from bitumen film, due to the
propensity for bitumen, when in contact
with large smooth surface areas of glass, to
erode with water. This problem is resolved
by crushing the glass to <4.75mm which
allows it exhibit attributes similar to sand.

Research has found that proportions of
up to 10 — 15% of recycled glass aggregate
crushed to <4.75mm can be used success-
fully in low traffic areas if the asphalt mix is
combined with a lime additive to improve
stability. Furthermore, research has also
found that limiting the size and proportion

PSV (Polished St
fact lead to 2 decreased PSV, improving skid
resistance of the pav

This research has

over 220,000 tonn
the New York S
Transport (NYSDOT

Success in Tasmania

One company that has been leading the
way in trials of recycled glass aggregate in
asphalt, premixed concrete and concrete
block manufacturing applications in
Australia, is Tasmanian construction
materials specialists Hazell Bros Group.

As part of its research into the use of
recycled glass aggregate, Hazell Bros
installed recycling system at its Leslie Vale
quarry south of Hobart. Glass for the
process is sourced from the state-wide
residential recycling collection services of
Veolia Environmental Services.

Once delivered to the site, the mixed
glass is crushed it to an aggregate size of
<3mm. This aggregate has been used in a
number of trials, using a variety of concrete

mix designs, with the primary mix being a
25MPa ‘domestic’ mix where up to 30% of
the natural sand aggregate has been
replaced with the recycled glass aggregate.
The trials have resulted in the successful
development of 2 25MPa concrete that
meets all requirements of the Australian
Standard for compressive strength and
durability. The recycled glass aggregate has
also been used in the production of a range
of trial asphalt mixes which have been
designed to achieve Tasmanian Road
Authority (DIER) specifications.

Preliminary results are also demonstrating
favourable performance characteristics
across a range of mixes.

Peter Bennett, Business Development

Manager with Hazell Bros Group,
commented: “While these trials are
on-going, we're extremely pleased with the
initial results - both for the concrete, block
and asphalt mixes. In all areas, the resulting
products are performing well,and meet the
requirements of a broad range of Standards
of customer specifications,” he said.

“Needless to say, our primary focus has
always been on the production of high
quality products that meet our customers'’
needs,” Pete Bennett added. “Using the
recycled glass agaregate enables us to
achieve these quality product outcomes,
whilst also delivering a significant
improvement in both business and product
sustainability.”
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