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An important note for the reader

The NZ Transport Agency is a Crown entity established under the Land Transport Management Act 2003.
The objective of the Agency is to undertake its functions in a way that contributes to an efficient, effective
and safe land transport system in the public interest. Each year, the NZ Transport Agency funds innovative
and relevant research that contributes to this objective.

The views expressed in research reports are the outcomes of the independent research, and should not be
regarded as being the opinion or responsibility of the NZ Transport Agency. The material contained in the
reports should not be construed in any way as policy adopted by the NZ Transport Agency or indeed any
agency of the NZ Government. The reports may, however, be used by NZ Government agencies as a
reference in the development of policy.

While research reports are believed to be correct at the time of their preparation, the NZ Transport Agency
and agents involved in their preparation and publication do not accept any liability for use of the research.
People using the research, whether directly or indirectly, should apply and rely on their own skill and
judgement. They should not rely on the contents of the research reports in isolation from other sources of
advice and information. If necessary, they should seek appropriate legal or other expert advice.
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Executive summary

The purpose of this research was to identify the barriers to using tyre-derived crumb rubber in bitumen
binder in New Zealand roading and the methods to remove these barriers to create market demand for
New Zealand waste tyre-derived products.

Tyre-derived crumb rubber has become a common additive to bituminous binders around the world since
the 1960s for addressing pavement performance issues as well as tackling the disposal problem of end-
of-life tyres. While early New Zealand trials of crumb rubber in both hot mix asphalt and chipseal
pavements resulted in mixed performances, technological advances and ongoing research and practices
internationally have demonstrated that crumb rubber can be effectively incorporated into road surfacing.
Although rubber in the form of natural rubber latex or styrene-butadiene-styrene (SBS) block copolymer
has been used in New Zealand roads since the 1970s, crumb rubber has not been used to any extent in
normal road pavement and surfacing maintenance or construction.

The objectives of this research project were to:

1 Identify the barriers to be overcome so that crumb rubber can be used as a sustainable and cost-
effective material in New Zealand road construction and maintenance.

2 Consult with key stakeholders to propose changes required to overcome the barriers identified.
3 Assess the risks and cost implications of the proposed changes.
4 Devise an implementation plan.

As a result of stakeholder consultations and a comprehensive literature review, the following barriers were
identified:

* High initial costs: The use of ambient ground tyre rubber in roads is typically viewed as more
expensive than polymer modified binders (PMBs) in New Zealand due to the high initial cost of
specialist equipment and other costs such as personnel training associated with implementation of a
‘new’ technology. Most of the specialist equipment is currently unavailable in New Zealand. This is
particularly true for wet processed rubber modification where special blending processes and
conditions are essential in order to produce a well-defined high-viscosity modified binder. This has
led to the dominance of SBS polymer modification in the New Zealand market. The mobile blending
technology also does not address key issues such as emulsification and the relatively high operating
temperature, ie the use of hot cutback bitumen.

* Economy of scale/market size: Bitumen use in New Zealand is predominantly in chipseals and only a
small percentage (<5%) of the total use is in PMBs. The use of modified binders is traditionally
constrained by relatively higher cost and therefore limited to specialist applications such as ports,
airport runways, and large roading projects where high cost can be justified by performance
requirement of high stress/traffic volume roads and/or simply by the economy of scale. As crumb
rubber binders are used in the same types of applications, then modified chipseal is potentially the
greatest end use application for crumb rubber in New Zealand.

* Security of supply: There are approximately 60,000 tonnes of end-of-life tyres generated in
New Zealand each year. Should end-of-life tyres be processed and incorporated into road pavements,
based on the size of the current total bitumen market in New Zealand, there are in fact more than
enough end-of-life tyres each year as a source of material for the production of binder modifier. In
reality, the lack of enforcement of existing regulations, an estimated 70% of New Zealand’s annual
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end-of-life tyre waste stream is stockpiled or illegally dumped as it is more economical. This
potentially leads to supply issues of end-of-life tyres for both crumb rubber manufacturers and end
users.

¢ Implications of industry’s switch to emulsion: The last barrier, which is a roading-specific issue,
relates to the ability to use crumb rubber modified binder as an emulsion. Most of the New Zealand
road network is surfaced with chipseals; for safety reasons the roading industry is considering moving
towards a switch to bitumen emulsions (sprayed at 80-90°C) from hot cutback bitumen (sprayed at
about 160°C) for chipseal construction. This imposes a major technical challenge to the use of crumb
rubber modified binders, which due to the properties of vulcanised tyre rubber must be sprayed at
over 180°C. Even with warm mix additives, the application temperatures are still higher than what is
typically achieved with bitumen emulsion. The need to apply crumb rubber modified binders at high
temperatures for chipsealing, conflicts with the industry’s move away from hot cutback bitumen
binders. Devulcanised rubber is a potential solution to enable the use of crumb rubber in emulsion
sealing.

These issues are not insurmountable. There are two key proposed changes which will effectively remove
the barriers to crumb rubber use in road pavements in New Zealand:

1 Growing the PMB market
2 Devulcanisation of waste tyre rubber.

Growing the PMB market: Chipsealing is by far the biggest user of bitumen and potentially the greatest
market for crumb rubber use. The properties and performance of crumb rubber modified binders are
often compared with those of PMBs, which are already widely used internationally. Therefore, the logic
behind growing the PMB market in New Zealand is that by increasing the use and awareness of the widely
reported benefits of PMBs, opportunities are created for end-of-life tyre-derived rubber to be used as an
alternative to virgin polymer in binder modification. As a result, end-of-life tyres can be considered a local
source of polymer, adding value to the growing waste stream. This potentially reduces New Zealand
roading industry’s exposure to international prices (price fluctuation of imported virgin polymers), reduces
other procurement risks associated with importation, and increases the performance of the chipseal. The
growth of the local PMB demand could remove barriers to the use of tyre rubber in roads by increasing
market size and securing a supply of polymer for binder modification.

Devulcanisation of waste tyre rubber: Devulcanised tyre rubber should be investigated as a solution to
overcome the high capital cost of specialist crumb rubber equipment, the associated cost of personnel
training and the emulsification of crumb rubber modified binder. The devulcanisation process breaks
down the crosslinking that makes rubber tyres rigid and durable, so they interact with bitumen more
intimately, creating a much more homogenous and low-viscosity modified binder compared with
conventional crumb rubber modified binder. Devulcanised rubber modifiers have the potential to be
incorporated into bitumen binders in the same manner as virgin PMBs such as SBS with similar properties.
This is advantageous for emulsification technology which is well practised in New Zealand with unmodified
and modified binders. In summary, devulcanised tyre rubber can be used with minimal changes required
to the plant and procedures currently used in both chipseal and asphalt construction. This should address
the technical issues associated with the use of tyre rubber in emulsion sealing as the industry is well
versed in emulsifying PMBs in New Zealand.

Recommended implementation plan

Conventional crumb rubber modified bitumen technologies can be applied in New Zealand and although
the initial cost increase could be significant, once they are established the cost would be expected to be
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comparable to polymer modified binders. The fact that crumb rubber cannot be emulsified is a barrier to
its use but recent developments in devulcanisation technology may overcome this. Currently the market
for crumb rubber is small, but this is because improvements provided by modifying chipseal binders have
not previously been definitively proven; however, methods are now available to assess the potential
enhancements. Implementation of the following recommendations would allow the use of tyre rubber
modified bitumen essentially as a seamless substitute for SBS modified bitumen. In an ideal scenario, the
proposed changes would be implemented in a chronological order as follows:

1

Expanded use of PMB over the network. Quantification of the performance benefits of currently used
PMBs over unmodified binders must be investigated to demonstrate the whole-of-life cost benefits
from the use of PMBs. These benefits can then be used by the transport sector to justify increased use
of PMBs. This ‘mandated’ market growth is needed to increase the potential market for devulcanised
crumb rubber modified binders (assuming satisfactory behaviour — see below), and justify investment
by the transport sector in the technology. It is recommended a working group consisting of industry
stakeholders be formed to adopt/develop a new specification for PMBs.

Validation of devulcanised rubber technology. Research must be done to establish that devulcanised
tyre rubbers can be emulsified using standard equipment. The field performance of devulcanised
rubber modified binders (with and without emulsification) needs to be verified by comparison with
benchmarks set by the initial PMB study.

With a growing market for PMB/crumb rubber modified binders, the expected lower cost of
devulcanised tyre rubber would encourage greater use of the technology and increased consumption
of waste tyres.
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Abstract

The purpose of this research was to identify the barriers to using tyre-derived crumb rubber in bitumen
binder in New Zealand roading and the methods to remove these barriers to create market demand for
New Zealand waste tyre-derived products. As a result of the comprehensive literature review and
stakeholder consultations, it was found that the key barriers in New Zealand were high initial cost of
specialist equipment, the relatively small market, security of supply and implications of the industry’s
switch to emulsion binders. Fortunately, with a growing appetite for better performance in roading
infrastructure and continued technological advancement, a number of solutions were identified. These
include growing the use of modified binders over the network and investigation into the use of
devulcanised rubber. The combination of these proposed changes will effectively remove the barriers
identified and allow tyre rubber to be incorporated into the New Zealand roading network cost effectively
and enable this waste stream to be diverted away from landfills.

10



1 Introduction

1 Introduction

The purpose of this research was to identify the barriers to using tyre-derived crumb rubber in bitumen
binder in New Zealand roading and the methods to remove these barriers to create market demand for
New Zealand waste tyre-derived products.

Tyre-derived crumb rubber has become a common additive to bituminous binders around the world since
the 1960s for addressing pavement performance issues as well as tackling the disposal problem of end-
of-life tyres. While early New Zealand trials of crumb rubber in both hot mix asphalt (HMA) and chipseal
pavements resulted in mixed performances, technological advances and ongoing research and practices
internationally have demonstrated that crumb rubber can be effectively incorporated into road surfacing.
Although rubber in the form of natural rubber latex or styrene-butadiene-styrene (SBS) block copolymer
has been used in New Zealand roads since the 1970s, crumb rubber has not been used to any extent in
normal road pavement and surfacing maintenance or construction.

The objectives of this research project were to:

1 Identify the barriers to be overcome so that crumb rubber can be used as a sustainable and cost
effective material in New Zealand road construction and maintenance.

2 Consult with key stakeholders to propose changes required to overcome the barriers identified.
3 Assess the risks and cost implications of the proposed changes.
4 Devise an implementation plan.

The report is structured in a way that the key barriers are summarised in chapter 2, followed by the
proposed changes to remove these barriers in chapter 3, and supported by a comprehensive literature
review in chapters 4 to 9.

11
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2 Summary of key barriers

2.1 High initial costs

The use of ambient ground tyre rubber in roads is typically viewed as more expensive than polymer
modified binders (PMBs) in New Zealand due to the high initial cost of specialist equipment and other
costs such as personnel training associated with implementation of a ‘new’ technology. Most of the
specialist equipment is currently unavailable in New Zealand. This is particularly true for wet processed
rubber modification (see section 6.3) where special blending processes and conditions are essential in
order to produce a well-defined high-viscosity modified binder.

A mobile blending unit from the US can be sold to New Zealand for about US$300,000 (the AR150M),
(email communications, Phoenix Industries 2014). This blending plant is designed to fit in a standard 40-
foot sea container to facilitate economical ocean shipping as well as easy inland transportation to and
from job sites. This plant has a production capacity of 10-13 tonnes per hour of modified asphalt (ie
bitumen) rubber binder with a minimum crumb rubber content of 15% by weight.

However, the reality is that even with the existing relatively wide uptake of crumb rubber modified binders
in Australia, there are only a few of this type of mobile blending plants in Australia. Hence, it remains
challenging to justify the cost of bringing such specialist equipment into New Zealand without a clear
picture of the size of the market potential. The mobile blending technology also does not address key
issues such as emulsification and the relatively high operating temperature, ie the use of hot cutback
bitumen (see sections 2.4, 6.3 and 6.5). In addition, there is no government subsidy to incentivise the
roading industry to use the material in New Zealand.

2.2 Economy of scale/market size

Bitumen use in New Zealand is predominantly in chipseals (~75%) and asphalt (~25%). However, only a
small percentage (<5%) of the total use is in PMBs. The use of PMBs is traditionally constrained by
relatively higher cost and therefore limited to specialist applications such as ports, airport runways, and
large roading projects where high cost can be justified by performance requirement of high stress/traffic
volume roads and/or simply by the economy of scale. As crumb rubber binders are used in the same types
of applications, then without expanding the market for PMB use in general, it would be difficult for tyre
rubber or end-of-life tyres to find its application in New Zealand.

There is one advantage of crumb rubber over virgin polymers and that is its relatively stable price.
Ambient ground crumb rubber at 30 mesh (~500 microns) is sold at approximately NZ$750-$1,000 per
tonne in New Zealand. In addition, there is potential for the cost price to reduce should the market
demand increases.

2.3 Security of supply

On average, approximately 4 million units of tyres have entered the New Zealand market each year since
2008. Based on 2011 figures, there are 62,000 tonnes of end-of-life tyres generated in New Zealand each
year (Tyrewise 2013). There are three different pathways for used tyres in New Zealand:

1 Landfill and disposal

2 Recycling or transformation

12



2 Summary of key barriers

3 Reuse: exported for reuse, or retreaded (truck tyres only).

Should end-of-life tyres be processed and incorporated into road pavements, based on the size of the
current total bitumen market in New Zealand, there are in fact more than enough end-of-life tyres each
year as a source of material for the production of binder modifier.

Unfortunately, the current system for the monitoring, collecting and disposal of the waste stream is
flawed. There is no driver nor enforcement for recycling and getting further value out of end-of-life tyres,
which leads to collectors disposing of end-of-life tyres using the path of least resistance, ie exporting
whole tyres or landfilling tyres in various forms (shredded, cut, bundled) as the cheapest options. Landfill
disposal of end-of-life tyres costs between $89 per tonne in the Far North and $427 per tonne in
Masterton (Tyrewise 2012a). In some instances where a council has set a high disposal fee, the volumes of
end-of-life tyres being presented for disposal has dropped dramatically, raising questions as to the
whereabouts of those end-of-life tyres.

There are plenty of examples of stockpiles of end-of-life tyres around the country which create additional
hazards such as fire risks. Another commonly used and inexpensive disposal path in New Zealand is silage
covers on farms.

There is some local capability to process end-of-life tyres into tyre-derived fuel, but for exports mainly.
The value of tyre-derived fuel can also fluctuate sporadically due to variations in supply and demand,
making this option unsustainable on a small, batch scale operations.

There are a number of pieces of existing legislation (Tyrewise 2012a) that potentially need more rigorous
enforcement and/or consistency of application in order to create a more levelled environment for the
industry to control the storage and disposal of waste tyres, including:

1 Litter Act 1979 - section 15

2 Resource Management Act 1991 - section 9.1

3 National Environmental Standards for Air Quality Regulations 2004 - clause 7
4 Local Government Act 2002 - part 8

5 Waste Minimisation Act 2008

In summary, because of the lack of specific regulation and limited enforcement of existing regulations, an
estimated 70% of New Zealand’s annual end-of-life tyre waste stream is unaccounted for (stockpiled or
illegally dumped) causing issues with security of supply of end-of-life tyres for crumb rubber
manufacturers.

For detailed analysis of the overall end-of-life tyre market in New Zealand and recommendations
regarding regulatory measures towards the barriers in general, please refer to Waste tyres economic
research: report 3 which was published by the Ministry for the Environment (KPMG 2015).

2.4 Implications of industry’s switch to emulsion

The last barrier, which is specifically a roading specific issue, relates to the ability to use crumb rubber
modified binder as an emulsion. Most of the New Zealand road network is surfaced with low-cost
chipseals, For safety reasons the roading industry is considering moving towards a switch to bitumen
emulsions (sprayed at 80-90°C) from hot cutback bitumen (sprayed at about 160°C) for chipseal
construction. This imposes a major technical challenge to the use of crumb rubber modified binders,
which due to the properties of vulcanised tyre rubber must be sprayed at over 180°C. While there are

13
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several patents on emulsification processes incorporating crumb rubber, the principle behind the
technology requires costly, ultra-fine crumb rubber, typically finer than 40 mesh (~400 microns), in order
to promote excellent digestion of the rubber to produce a modified binder with viscosity suitable for
emulsification. The technologies have also not been widely demonstrated as yet.

Wet processed crumb rubber modified binders typically have to be used at temperatures above 180°C, and
even with warm mix additives the application temperatures are still higher than what is typically achieved
with bitumen emulsion. The need to apply crumb rubber modified binders at high temperatures for
chipsealing conflicts with the industry’s move away from hot cutback bitumen binders.

14
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3  Proposed changes

There are two key changes required to effectively remove the barriers to crumb rubber use in road
pavements:

1 Growing the PMB market

2 Devulcanisation of waste tyre rubber.

3.1 Growing the PMB market

The properties and performance of crumb rubber modified binders are often compared with those of
PMBs. In Australia, crumb rubber is considered a credible alternative to virgin polymer for binder
modification. Crumb rubber binders and PMBs are used more commonly in Australia due to the need to
address fatigue cracking. Therefore, the logic behind growing the PMB market in New Zealand is that by
increasing the use and awareness of the widely reported benefits of PMBs, opportunities are created for
end-of-life tyre-derived rubber to be used as an alternative to virgin polymer in binder modification.

The performance benefits (summarised in section 5.3), of crumb rubber and virgin PMBs are very similar,
which supports the proposed change to substitute PMBs such as SBS modified binder with crumb rubber
modified binders as is already practised internationally. As a result, end-of-life tyres can be considered a
local source of polymer, adding value to the growing waste stream. This not only reduces New Zealand
roading industry’s exposure to international prices (price fluctuation of imported virgin polymers) but also
reduces other procurement risks associated with importation. The growth of the local PMB demand could
remove barriers to the use of tyre rubber in roads such as:

®* economy of scale/market size
* security of supply of virgin polymer as end-of-life tyres become an extra, local source of polymer.

Other potential indirect benefits of growing the PMB market and thus the use of tyre rubber as a bitumen
modifier include:

®* Tyre rubber is also a bitumen extender. Rubber crumb (when used without devulcanisation) can swell
up to three to five times its original size due to the adsorption of components from the maltenes
phase of the bitumen (Ibrahim et al 2013). This means that on a per volume basis, there is less
bitumen required when modified with crumb rubber thus reducing the cost.

* Because of the performance enhancements achieved (especially the rheological properties), from the
modification, lower quality (and potentially cheaper), bitumen may be imported into New Zealand and
subsequently cost effectively modified, without compromising performance.

3.1.1 Costs and risks of increased use of crumb rubber binders
3.1.1.1 Supply versus demand

The supply of end-of-life tyres in New Zealand is more than sufficient to meet the demand resulting from
a significant increase in the overall PMB market.

There are currently an estimated 62,000 tonnes of waste tyres disposed in New Zealand each year. Even
with the worst case scenario where only tyres of certain composition are usable, eg truck tyres due to their
high natural rubber content, there are still approximately 15,500 tonnes of truck tyres (25% of total)
generated in New Zealand each year.

15
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For a typical truck tyre that weighs 40kg on average, approximately 30kg of the total weight is rubber
(natural and synthetic) and can be recycled. The remaining 10kg is normally fibre and steel reinforcement
which are also recycled separately. Of the 15,500 tonnes, there are approximately 11,625 tonnes of
rubber generated, excluding what are already disposed in landfills and stockpiles, available for recycling.

® Scenario 1: At a dosage rate of 15% by weight of bitumen (SBS is typically 4%), 11,625 tonnes of
rubber will be able to serve a modified bitumen market of approximately 77,500 tonnes, which is
approximately 39% of a 200kt total bitumen market.

®* Scenario 2: At a dosage rate of 10%, then the entire truck tyre waste stream can supply ~58% of the
total bitumen market.

® Scenario 3: At a dosage rate of 20%, then the entire truck tyre waste stream can supply ~29% of the
total bitumen market.

Hence, even if the PMB grows from <5% to 20% of the total bitumen market, there are sufficient end-of-
life tyres generated in the country each year to meet the demand. This is without considering the use of
non-truck tyres.

Further investigation is required into the optimum dosage for tyre-derived rubber. However, based on
international literature, the majority of wet-process crumb rubber modified binders consist of 15-20wt%
crumb rubber.

The more rubber is incorporated in the modified binder without compromising the performance
specifications, the more waste tyres are diverted away from landfill. Similarly the more rubber is used;
there is potentially less bitumen and less virgin polymer needed to be imported into the country.

3.1.1.2 Costs

The adoption of a better performing material will impose a cost to the NZ Transport Agency (the Transport
Agency) and other local roading authorities. However, it is important to note that while the initial cost of
material may be higher, there is potentially an overall cost saving as a result of enhanced performance and
extended lifecycle of the surfacings constructed.

In the State of North Carolina, chipseals made of polymer-modified emulsions applied on structural
asphalt pavement were evaluated on high traffic volume roads (Corley-Lay and Wofford 2012). The
polymer modification was found to enhance rutting resistance, especially at high temperatures, as well as
aggregate retention — chip loss. Chip loss was reduced by 30%.

Although polymer modified chipseals in New Zealand cost about 20% more than unmodified chipseals,
other preservation treatment options for higher-volume roads such as thin HMA overlays costs almost
three times as much as unmodified chipseals. A lifecycle cost analysis also showed the polymer
modification can be cost effective as long as the modified chipseal life is extended by an extra two years
from the five-year lifecycle of a typical unmodified chipseal.

Using figures and estimates obtained from the literature, table 3.1 outlines the net present value of the
initial seal cost using unmodified bitumen and PMB, with different expected life spans (from 5 to 12
years).

16



3 Proposed changes

Table 3.1 Net present values at different seal costs from resealing scenarios

Initial Seal Cost

Time period Standard PMB
in years $7 per m2 $8.05 per m2 $9.1 per m2 $10.5 per m2
5year life |8 year life |8 year life [ 10 year life | 12 year life |8 year life | 10 year life | 12 year life |8 year life | 10 year life | 12 year life
0 7 7.5 8.05 8.05 8.05 9.1 9.1 9.1 10.5 10.5 10.5
5 12.23
8 12.21 13.10 14.81 17.09
10 19.06 12.55 14.18 16.36
12 12.05 13.62 15.72
15 27.01
16 17.01 18.26 20.64 23.81
20 35.44 16.46 18.60 21.47
24 21.21 22.77 15.03 25.74 16.99 29.70 19.60
25 43.69

Note: Assumptions:

Discount rate of 6%.

Unmodified chipseal is $7 per m?.

Polymer modified chipseal is 15, 30, and 50% more expensive at 8.05-10.5 per m?.
Application rate of 1.5L per m?.

Cost of bitumen was taken at $1,000 per tonne.

o g~ W NP

Inflation was not included in the calculation.

If a polymer modified chipseal is 50% more expensive than an unmodified chipseal, then for the PMB to be
cost neutral, it has to extend the life of a standard, unmodified chipseal by four to six years depending on
the initial lifespan of an unmodified seal.

If it is 30%, the required extension reduces to three to five years.
If it is 15%, the required extension reduces further to two to four years.

Information on the life extension in reality is limited due to the relatively small market in New Zealand.
There are also many types of PMBs, making it more difficult to quantify the true performance benefits of
polymer modified chipseals over unmodified chipseals without some form of standardisation and/or
optimisation. Thus far benefits are largely based on anecdotal evidence in New Zealand. In Australia, long-
term trials funded by Austroads (Austroads 2000; 2014a) are currently being assessed to study the
performance of polymer modified chipseal against unmodified seals. In order to expand the PMB market in
New Zealand, a complementary investigation is required to evaluate the performance benefits of polymer-
modified chipseals over unmodified ones under New Zealand conditions.

3.1.1.3 Specifications

There is currently no specification for PMB material properties in New Zealand. In order to manage the
consistency and quality, new specifications would have to be developed as a result of the proposed change.
The Austroads Specification framework for polymer modified binders AGPT/T190 (Austroads 2014b) covers
a comprehensive suite of test methods and should be used as a basis for developing a New Zealand based
specification. In AGPT/T190, there is also a specification for crumb rubber modified binders.

3.2 Devulcanisation of waste tyre rubber

Devulcanised tyre rubber should be investigated as a solution to overcome the following barriers:
1 High capital cost of specialist crumb rubber equipment and the associated cost of personnel training

2 Emulsification of crumb rubber modified binder.
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The devulcanisation process, as summarised in the literature review (section 6.8.2), breaks down the
crosslinking that makes rubber tyres rigid and durable. Devulcanised rubber can interact with bitumen
more intimately, creating a much more homogenous and low viscosity modified binder compared with
conventional crumb rubber modified binder. This is also advantageous for emulsification technology
which is well practised in New Zealand with unmodified and modified binders. Conventional crumb rubber
modified binder is high viscosity and difficult to emulsify. Devulcanisation effectively removes this barrier.
While the devulcanised rubber may lose some of its elasticity, commercial devulcanistion processes for
bitumen modification include a step to restore this property.

In summary, devulcanised tyre rubber can be used with minimal changes required to the plant and
procedures currently used in both chipseal and asphalt construction. There are currently two companies
gearing up to produce devulcanised tyre rubber in New Zealand: Entyre (Otaki) and EcoVersion (Kawerau).
The devulcanisation technology used by each company is different and is based on proprietary technologies.

3.2.1 Costs and risks of using devulcanised tyre rubber

The only downside to the uptake of this new technology is the extra cost added to the crumb rubber by
the process. Due to the extra processing steps needed to devulcanise the rubber crumb, it adds to the
overall cost of the rubber modifier. However, it is offset by cost savings made from specialist equipment
needed to handle conventional crumb rubber modified binders, which is no longer required.

30 mesh ambient ground crumb rubber is about $750-%$1,000 per tonne, and devulcanised rubber
modifier (in pellet form) is about $900-$1,500 per tonne. Compared with virgin polymer (eg SBS), which is
about $4,000 per tonne and prone to international market price fluctuation and can have additional
importation complications, using a locally sourced devulcanised rubber does become an economically
viable option.

The other indirect benefit of devulcanised tyre rubber is that any emission concern (predominantly
sulphurous gases from breaking the sulphur bond) is mitigated at the devulcanisation plant where gas
scrubbers are put in place to trap sulphides.

Should this option be pursued, further independent evaluation of the devulcanised rubber modified binder
needs to be carried out to compare it with the currently available SBS modified binder. This is to verify that
similar performance properties can be obtained without the use of specialist equipment and processes. In
addition, investigation into emulsification of the devulcanised rubber modified binder is another key to a
successful uptake of tyre rubber in New Zealand roads.

3.3 Implementation plan

Conventional crumb rubber modified bitumen technologies are unattractive in New Zealand for cost (plant)
and safety reasons (cannot be emulsified), and are unlikely to be widely adopted in New Zealand given the
dominance of SBS polymer modification in the market. The following plan relies on the success of new
devulcanised rubber technology that would allow use of tyre rubber modified bitumen to be used
essentially as a seamless substitute for SBS modified bitumen. In an ideal scenario, the proposed changes
would be implemented in a chronological order as follows:

1 Expanded use of PMB over the network. Quantification of the performance benefits of currently
used PMBs over unmodified binders must be investigated to demonstrate the whole-of-life cost
benefits from use of PMBs. These benefits can then be used by the transport sector to justify
increased use of PMBs. This ‘mandated’ market growth is needed to increase the potential market for
devulcanised crumb rubber modified binders (assuming satisfactory behaviour, see below), and justify
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3 Proposed changes

investment by the sector in the technology. It is recommended a working group consisting of industry
stakeholders be formed to adopt/develop a new specification for PMBs.

2 Validation of devulcanised rubber technology. Research must be done to establish that
devulcanised tyre rubbers can be emulsified using standard equipment. The field performance of
devulcanised rubber modified binders (with and without emulsification) needs to be verified by
comparison with benchmarks set by the initial PMB study.

With a growing market for PMB/crumb rubber modified binders, the expected lower cost of devulcanised
tyre rubber would encourage greater use of the technology and increased consumption of waste tyres.
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4 Introduction to the literature review

Chapters 4 to 9 comprise the literature review.

The purpose of the literature review was to examine international practice with regard to the use of crumb
rubber in road surfacings and identify possible constraints or other issues that may have a bearing on the
adoption of crumb rubber surfacing technology in New Zealand.

Tyre-derived crumb rubber is a finely ground (<0.6mm) product derived from waste tyre rubber. It has
become a common additive to bituminous binders in many parts of the world since the 1970s to address
pavement performance issues as well as to tackle the disposal problem of end-of-life tyres. International
experience has shown that crumb rubber can be effectively incorporated into road surfacings both in asphalt
mixes and in chipseals.

4.1 Previous New Zealand research

Anecdotal evidence suggests that sporadic efforts to use crumb rubber modified bitumen, at least in
chipseals, have been made in New Zealand since the 1960s. However the history and outcomes of these
attempts have not been documented. It was recorded that addition of crumb rubber directly into the pug-
mill had been used in New Zealand on a proprietary recreational asphalt surface (Patrick 1983).

Patrick et al (1996) conducted a study 20 years ago that concentrated on the potential use crumb rubber
waste tyres had as an additive to the bitumen used in constructing New Zealand surfacings. High initial
cost was seen as a major obstacle for crumb rubber when compared with synthetic polymers (such as SBS)
which was seen as a lower risk alternative. Approximately 20-25% of crumb rubber was estimated to
achieve the same level of elasticity as 4% SBS. Hence, the recommendation at the time was to restrict
crumb rubber use to special situations where modification was cost effective due to enhanced
performance and a longer life cycle. Subsequently a small trial of crumb rubber addition to asphalt (using
the dry process) was conducted with mixed results (Patrick et al 2006). Since that work no evidence of
further trials or application of crumb rubber in road surfacings in New Zealand has been identified.

A literature review was conducted for Transit New Zealand in 2006 (Williamson 2006). Among the key
conclusions were:

®* SBS modified bitumen provided the same benefits as wet process crumb rubber modified binders but
at lower cost.

®* Dry process asphalt mixes did not appear to confer performance advantages on asphalt mix.
®* Recyclability of crumb rubber asphalt mix would probably not be a barrier to its use in New Zealand.

® Wet process crumb rubber modified binders could be accommodated under New Zealand asphalt
specifications in the same way as SBS binders, but the dry process would be excluded (without special
permission from Transit New Zealand) as the crumb rubber would not meet the aggregate
performance requirements.

® Air discharge limits under the RMA might exclude use of the wet process.
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5 Crumb rubber in roads

5.1 Waste utilisation

From an environmental standpoint, use of crumb rubber diverts the used-tyre waste stream away from
landfills. Road construction is one of the few applications that can potentially use large volumes of the
material. There are other recycling technologies such as pyrolysis to produce tyre-derived fuels, but
attempts to apply these technologies in New Zealand have been unsuccessful (Tyrewise 2012b; Dana
Peterson, pers comm 2014).

5.2 Crumb rubber modified road surfacings

In the USA, crumb rubber modified binders are known as asphalt rubber or rubberised asphalt. Based on
the American Society for Testing and Materials (ASTM) (2013) D8-13b specification, asphalt rubber is
defined as a blend of asphalt cement, reclaimed tyre rubber and certain additives, in which the rubber
component is at least 15% by weight of the total blend and has reacted in the hot asphalt cement
sufficiently to cause swelling of the rubber particles. Asphalt rubber is also referred to as ‘wet process -
high viscosity’. Rubberised asphalt is another crumb rubber modified bitumen product where the rubber
component is normally less than 15%. This includes rubber modified binders and ‘wet process — no
agitation’ or terminal blends, which will be discussed in more detail in section 5.3.3.

5.3 Performance

Properties and performance of tyre rubber modified binders are often compared with those of PMBs. The
following subsections highlight the areas where the use of PMBs can be advantageous over unmodified
binders.

5.3.1 Reduced chip loss, reduced binder rise and bleeding/tracking

Unmodified binders can become brittle in low-temperature areas, posing issues for chipseals, such as
poor aggregate retention or chip adhesion. This can occur both during construction as well as in service.
Polymer modification reduces temperature susceptibility, provides increased adhesion to the existing
surface, increases aggregate retention and flexibility, and allows the roadway to be opened to traffic
earlier (Zaniewski and Mamlouk 1996).

In high temperature areas, polymers are also considered to be beneficial in minimising bleeding and
enhancing the durability of the chipseal, and are recommended for high traffic volume roads and late
season work (Shuler 1990; Wegman 1991). Similar performance benefits, in particularly excellent chip
adhesion, were reported by Patrick (2000) from a PMB emulsion trial in New Zealand in the mid-1990s.

5.3.2 Improved fatigue resistance and skid resistance

PMBs are frequently used for constructing stress alleviating membrane and stress alleviating membrane
interlayer (SAMI) to address fatigue damage to pavements and surfacing. Lu et al (2013) reported that
performance improvements are normally found with respect to fatigue resistance, particularly with
modified binders with SBS copolymer.
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In high stress and high curvature areas, the improved elasticity and strength of polymer modified
pavements can endure higher traffic induced stresses, especially high shear force generated by traffic
braking and on curved road surfaces. This indirectly assists skid resistance of the modified pavements.

5.3.3 Improved resistance to rutting and reflective cracking

A comprehensive review of different types of PMBs by Zhu et al (2014) highlighted the increased
resistance to permanent deformation such as rutting at high temperatures. Polymer modification also
results in better elastic recovery and higher cracking resistance, particularly at low temperatures.

The potential performance benefits of crumb rubber modified binders are very similar to those of PMBs in
general. There is a large body of work dealing with the performance of crumb rubber modified road
surfacings (see for example, Caltrans 2005b; 2006; Mir6 et al 2009; SABITA 2009; VicRoads 1994;
VicRoads 2004). A detailed analysis of this work was beyond the scope of the current project but there is
considerable evidence that crumb rubber modification confers performance benefits compared with
standard materials, at least with respect to asphalt mixes. The extent of the benefits derived depends on
many factors including the amount of crumb rubber used, the method by which the crumb rubber is
incorporated, and the rubber properties and particle size distribution.

In general terms the benefits can be summarised as:
* improved rutting resistance in asphalts from more elastic binders with higher softening points

* less temperature sensitive binders improve high temperature rutting resistance without adversely
affecting low temperature properties

* higher binder films possible in asphalt mixes improve durability (oxidation resistance) without binder
drain-down

®* improved resistance to fatigue due to the elastic nature of the binder
® resistance to reflective cracking when used as an asphalt interlayer membrane

* reduced pavement noise (primarily tyre noise) due to the use of crumb rubber in open- and gap-
graded mixes (Caltrans 2006; Hicks et al 2012b; Zhu and Carlson 2001).

Potential benefits often claimed in the literature for chipseal surfacings include improved chip retention,
resistance to reflective cracking and reduced likelihood of bleeding and tracking of bitumen at high road
temperatures.
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6.1 Historic problems in using crumb rubber modified
binders

Crumb rubber was first used in the US in the 1960s. However, there was never any appropriate code of
practice for the roading authorities to follow. The lack of usage guides plagued efforts to use crumb
rubber more widely around the world prior to the 1990s and was one of the main causes of the failure of
the 1991 Intermodal Surface Transportation Efficiency Act (ISTEA) in the US. This Act was an attempt by
the US Government to mandate the use of crumb rubber in asphalt pavements. The act was introduced
with very little technological assistance from the federal government. Despite the presence of a regulated
market, each state government was left to organise their own resources to develop and improve crumb
rubber processes. Patents which were effective at the time made it difficult for any collaborative
advancement in the technologies.

Common issues with using crumb rubber include:

* The need for high processing temperatures which often leads to potentially harmful emissions and
other environmental concerns (this is addressed in chapter 7).

®* Segregation of rubber particles from highly viscous crumb rubber binders is a potential threat to the
quality of the wet process binder. Many practitioners have experienced separation of the crumb
rubber and the bitumen binder into two or more phases (Epps 1994).

Inadequate compaction of asphalt is a common occurrence across various countries in the early
developmental stage of using crumb rubber in roads. There have been issues with asphalt compaction in
colder climates, due to the unfamiliarity of working with high viscosity binders in the climates concerned.

Crumb rubber is now used widely and successfully in some countries, however, particularly in chipseals in
Australia (VicRoads 1994; Austroads 2009) and South Africa (SABITA 2009; 2012) and in asphalt mixes in
the US and Canada. Authorities in California, Texas, Arizona and Florida in the US and in Ontario, Canada
have worked continuously with crumb rubber modified binders since the 1990s and have developed a
large body of experience that has been published in comprehensive user guides (Caltrans 2005b; 2006;
Hicks et al 2012b). Some of the critical aspects of crumb rubber use are highlighted in the following
sections.

6.2 Composition and production of crumb rubber

The preferred composition for crumb rubber is one with higher natural rubber content, such as is normally
found in truck tyres. Natural rubber digests and disperses relatively quickly and thickens the bitumen
phase which helps to promote interaction with other rubber compounds in the crumb rubber. Natural
rubber has also been found to enhance adhesion of aggregates in chip seals (Caltrans 2005b; Artamendi
and Khalid 2006). The natural rubber component can be increased by adding non-tyre derived natural
rubber.
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Table 6.1 Typical tyre composition

Passenger car tyre (wt%) Truck tyre (wt%)
Natural rubber 14% 27%
Synthetic rubber 27% 14%
Carbon black 28% 28%
Steel 15% 16%
Fabric, fillers, etc 16% 15%

Source: Jansz (2012)

As crumb rubber is derived from a waste stream the composition of the rubber can vary between different
classes of tyres and manufacturers and the resulting material properties can also vary once incorporated
with bitumen binders and aggregates. Good quality control is necessary to maintain a consistent crumb
rubber product.

There are various processes available to produce crumb rubber. Waste tyres are typically shredded to
pieces (40cm? and smaller) and the steel belts and fibres separated from the rubber prior to granulation or
grinding. The final crumb rubber materials are defined as either ambient or cryogenically processed.

* Ambient processing consists of grinding the waste tyre rubber at room temperature. This provides
irregularly shaped, torn particles with relatively large surface areas to promote interaction with the
bitumen binder.

* Cryogenic processing cools the rubber below its embrittlement (glass transition) temperature with
liquid nitrogen and shatters it in a hammer mill into smooth particles with a relatively small surface
area compared with the ambient temperature ground product.

Sometimes, the cryogenic process is used prior to ambient grinding to reduce particle size. Studies have
confirmed that ambient grinding is preferred as it produces rubber crumbs with a higher surface area
which helps with digestion and bonding (Lee et al 2008; Caltrans 2005b; 2006; Hicks et al 2012b). Only
ambient ground crumb rubber is permitted for chip seal operations in South Africa (Lo Presti 2013).

A more recent process involves use of high pressure (55,000psi or 380MPa) water cutting heads to
produce a rubber crumb. The particles have a high surface area similar to those from ambient grinding (Lo
Presti 2013). Particle sizes for crumb rubber are generally less than 2.36mm (1.18mm in South Africa) and
mainly in the 0.3-1.18mm range.

6.3 Processes for incorporating crumb rubber into road
surfacings

Currently, there are three distinct processes by which crumb rubber can be incorporated into road
surfacings. Each process has its own benefits and shortfalls. It is important to note that the most suitable
type of process may depend on the chosen application.

6.3.1 Dry process

A dry process is any method that includes crumb rubber as a substitute for 1-3% by weight of the

aggregate in paving mixture, not as part of the binder. The crumb rubber acts as a rubber ‘aggregate’ in
the paving mixture. Therefore, the binder is not considered to be modified. This method applies only to
the production of crumb rubber modified asphalt mixes. The rubber ‘aggregate’ is included with the dry
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heated aggregate and mixed thoroughly before the bitumen binder is added. The mixture is then
compacted at a temperature between 143 and 150°C (Hicks 2012b).

Such processes are not constrained by binder storage time (and phase separation). Based on extensive
studies in North America, the dry process is most appropriate in an open- or gap-grade mix design.
Appropriate adjustment must be made during mix design to counter for the lower specific gravity of the
crumb rubber compared with the aggregate it replaces.

The potential shortfall of this process is the inferior bonding between the rubber and the binder due to
limited interaction during mixing. This may result in limited performance improvement from the crumb
rubber, which is a reason for limited use of this process. It is also necessary, to prevent damaging the
rubber and producing fumes, that the crumb rubber is introduced to the plant in such a way it does not
come into direct contact with any heating flames. Plants equipped with a recycling ring for recycling
asphalt mix would be suitable for example.

6.3.2 Wet process - high viscosity

The wet process in general is used to modify binders with crumb rubber before being incorporated into
either asphalt mix or spray applications such as chipseals. The main advantage of this process compared
with the dry process is much greater interaction between the crumb rubber and the bitumen is possible,
and extensive modification of the bitumen achieved. Oils from the bitumen are absorbed into, swell and
partially disperse the outer surface of the crumb rubber particles as shown in figure 6.1. Due to the high
viscosity of the resulting blend this method normally requires modification to bitumen handling
equipment (see section 6.5.1).

Figure 6.1 Reaction stages of bitumen binder and crumb rubber
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Source: Jansz (2012)

Based on California guidelines (Caltrans 2006), crumb rubber modified binders that maintain or exceed
the minimum rotational viscosity threshold of 1,500cP (or 1.5Pa.s) at 190°C should be classed as ‘wet
process - high viscosity’ binders. These binders require continuous agitation to keep the gel-like crumb
rubber particles evenly distributed. Wet process — high viscosity binders typically require at least 15%
crumb rubber by mass to achieve the threshold viscosity. Concentrations of 20% are typical for wet
process binders. Special spray nozzles (see section 6.6.1) are also needed to prevent clogging during
application when constructing chipseals. The crumb rubber and bitumen are blended, usually with high
shear mixing, at 175-225°C for up to an hour after which the mix is transferred to a storage tank. This
tank must also be stirred to prevent separation of the crumb rubber. Extender oils may also be added to
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the blend at about 2.5-6% by mass. Storage at high temperatures (>165°C) gradually degrades the
product and the viscosity decreases. South African guidelines are to limit storage times to less than four
hours at the application temperature (Asphalt Academy 2007).

6.3.3 Wet process - no agitation (terminal blends)

This type of process is also known as ‘terminal blend’, and is gaining popularity in the US because of the
improved workability of the modified binders. It is a form of wet process where crumb rubber is blended
with hot bitumen binder at the refinery or at an asphalt storage and distribution terminal and transported to
the HMA mixing plant or job site for use. While this type of modified binder does not require subsequent
agitation to keep the crumb rubber particles evenly dispersed, it does require high-speed, high shear mixing
to digest and partially devulcanise the fine rubber particles (complete devulcanisation is not desirable as
much of the elasticity of the crumb rubber would be lost). Normally, crumb rubber particles finer than the
300 microns (Caltrans 2006) or 600 microns (Hicks et al 2012b) sieve size are used to modify the bitumen
binder. The combination of relatively small particle size compared with that typical of the traditional wet
process, high shear mixing and 200-300°C temperatures at elevated pressures ensures the rubber can be
digested quickly and kept dispersed by normal storage tank circulation rather than special augers/paddles.
In the past, the rubber contents for such blends have been no more than 10% by mass of binder with
viscosities less than 1,500cP at 190°C (which does not meet the ASTM D8 13b (ASTM 2013) definition of a
high viscosity binder). However, there are now products which include 15% or more crumb rubber. In general
though the degree of maodification achieved is less than in the conventional wet process and the viscosities
of terminal blend products are lower (Lo Presti 2013).

The specific advantage of this type of modified binder is that it is possible to use such modified binders at
lower temperatures than the high viscosity type and that the blends are stable as long as the crumb
rubber is fully digested (Hicks et al 2012b). Various proprietary processes claim to enhance storage
stability and homogenisation still further through various mechanisms, for example the addition of
sulphur or air blowing the blends to cross link the rubber to the bitumen. Similarly, another process
involves pre-treatment of the crumb rubber particles with hydrogen peroxide to introduce reactive sites
that enable crosslinking to the bitumen (Lo Presti 2013).

Figure 6.2 Spraying of PG76- 22TR (terminal blend)

Source: CP2C (2014)
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Figure 6.3 Application of hot chip in California

Source: CP2C (2014)

In summary, wet processes are more commonly used over the dry process because of the enhanced
digestion and chemical interaction between the binder and rubber, thus creating a more homogeneous
modified binder. Terminal blends are gaining popularity because of the superior quality, in terms of
workability, homogeneity and storage stability.

6.4 Specifications

Internationally, a number of specifications for crumb rubber modified bitumen or PMB that would include
crumb rubber modified material have been developed. These include ASTM D8-13b (ASTM 2013), ASTM
D6114/D6114M-09 (ASTM 2009) and the specification framework for PMBs (Austroads 2014b) in
Australia, in which properties such as minimum softening point, torsional recovery, rubber content and
maximum viscosity are specified. The US PG grading system would also accommodate crumb rubber
modified bitumen.

There is currently no material specification or guidelines for the use of crumb rubber modified binders in
New Zealand. This presents a potential obstacle to roading contractors in New Zealand as construction of
crumb rubber modified surfacings can be more challenging than when using standard materials.

Development of a material specification and usage guidelines is considered essential to foster uptake of
crumb rubber technology in New Zealand.

6.5 Crumb rubber binder production

6.5.1 Mixing equipment requirement

For the wet processes, binder production methods are essentially the same for both hot mix and chipseal
applications. The following schematic shows the basic principle, which applies more or less at a plant as
well as for field production. The components (bitumen binder and crumb rubber) are metered into the
high shear blender. The blending unit thoroughly mixes the binder, crumb rubber modifier and other
additives such as extender oil. Extender oil is typically a non-volatile, naphthenic process oil that helps
swell the rubber particles and aids in digestion. The blend is then pumped into a heated reaction vessel
where the interaction of the crumb rubber particles and binder proceeds. For terminal blends, the fully
digested crumb rubber binder can go directly into a storage tank or tanker.

27



Removing barriers to the use of crumb rubber in roads

Figure 6.4  Schematic diagram of the blending process where crumb rubber is incorporated
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The quality of the crumb rubber modified binder depends on the proportioning, temperature, agitation and
digestion time, all of which should be accurately monitored and controlled. Tanks for the initial storage and
blending should be heated to temperatures of at least 190°C and well insulated. The equipment should
include retort heaters or heat exchangers for heating, and insulated transfer lines to minimise heat loss
between processing units. Different guidelines have indicated various maximum operating temperatures of
around 200°C. The reasons for not overheating the crumb rubber modified bitumen is the risk of emission
and odour, and some studies have found that prolonged heating can significantly reduce the viscosity of the
modified binder and inherited properties of crumb rubber may be lost.

Modified binders (except for terminal blends), for spray applications are normally produced close to the
job site, which minimises the risk of segregation. For remote sites, commercially available mobile
blending/digesting facilities are potential solutions. The illustration below is an example of a mobile
system where continuous production of crumb rubber modified binders can be produced close to the job
site. Note the additional technology to contain ‘blue smoke’, which is a result of overheating.

Figure 6.5 Example of a mobile crumb rubber modified bitumen plant in Australia

Source: Jansz (2012)
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6.5.2 Storage and transport

In terms of storage and transporting modified bitumen, the general rule of thumb is to have good
temperature management and avoid heating crumb rubber modified binders above 200°C. During storage
or transport, continual circulation/stirring is essential to ensure homogeneity and the temperature should
be maintained at 185-195°C. When re-heating crumb rubber modified binders, heating should be at a
maximum of 10°C per hour with slow circulation (Strategic Alliance Reference Group 2009).

6.6 Applications of crumb rubber modified binders in
chipsealing

Chipsealing with crumb rubber modified bitumen has been practised in Australia particularly Victoria, New
South Wales and Western Australia since the 1970s (VicRoads 1994) and in South Africa since the 1980s
(SABITA 1998).

In Australia two grades of crumb rubber with different gradations are used in chipsealing applications. All
crumb rubber must pass the 2.36mm sieve (in South Africa all must pass the 1.18mm sieve) and all
particles must be less than 3mm (Austroads 2014b). Most crumb rubber binders for sprayed seal work are
produced by the traditional wet process, without extender oils and with up to 25% crumb rubber. The
properties of crumb rubber binders for chipsealing in Australia are specified in terms of softening point
and elastic recovery according to Austroads AGPT/T190 (Austroads 2014b).

6.6.1 Spraying

For chipsealing operations, crumb rubber modified binders are produced using one of the wet processes.
Controlling the viscosity of the modified binder by managing temperature is important, but distributors
with large spray nozzles must be used to prevent clogging due to undigested rubber particles. Pumps on
the bitumen distributors must also be appropriate for the high viscosity of crumb rubber binders.
Terminal blend type material is easier to work with and is less prone to streaking.

Based on the Technical commentary on part 226 - application of sprayed bituminous surfacing for South
Australia (Neaylon 2009), crumb rubber and high bitumen content emulsions should be sprayed using B6
Copley nozzles. The latest Austroads and AAPA document AP-PWT33-14 (Austroads and AAPA 2014)
provides the following selection guidelines:
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Table 6.2 Nozzle selection guideline
Intermediate nozzles End nozzles Typical uses
Copley Austroads Rated Copley Austroads Rated
designation | designation output designation designation output
(L/min) (L/min)
s2 (Note 1) 9 ES2 {Note 1) 18 Enrichment, rejuvenation
and other uses requiring
very light application rates
Ad AN 18 18 EA4 EAN 18 36 General spraying
applications for bitumen,
EA4 (W) EAN 18 W 18 cutback bitumen and PMBs
(Note 2) {Naote 2)
B6 (Note 1) 27 EBG (Note 1) 54 Spraying high bitumen
content emulsions
B8 (MNote 1) 36 (Note 3) {Note 3) - Spraying hot crumb rubber
bitumen binders
Notes:

[

Austroads designations are not currently applied to these sizes and Copley designations are still used.

2. The modified end nozzle, developed in WA, provides half the fan width and output of an EAN 18 — see
also notes on spraying width, below.

3. There are no specific end nozzles manufactured for BS applications. EB6 end nozzles may be used with
both Bo and BS intermediate nozzles.

Source: Austroads and AAPA (2014)

General guidelines (based on Australian (VicRoads 1994) and South African practice (Judd et al 2008) for
sealing with crumb rubber modified binders are set out below:

®* Ensure the pavement temperature is at least 20°C and rising, prior to commencement of spraying.

®* Transfer temperature should be 190-195°C using normal tanker-sprayer transfer procedure. A larger
in-line strainer mesh (especially when B6 or B8 nozzles are used) is recommended. Minimum spraying
temperature for crumb rubber modified binder is 190°C. Recommended temperature is 195°C.

®* Generally, 2-3% kerosene (industrial power kerosene or jet fuel Al) is required to prevent streaking
and ensure even distribution of binder through the nozzles. Up to 6% cutter is recommended in areas
where the pavement temperature is below 25°C at the time of spraying or where the site experiences
frosty winter conditions.

®* Use of pre-coated aggregate is highly recommended and adhesion agent is also recommended to
ensure minimal chip loss.

In general, similar to laying conventional road surfacings, good temperature management is critical. With
crumb rubber modified binders and mixes, the operating window is likely to be narrower due to the higher
temperatures required to keep it workable.

6.6.2 Crumb rubber emulsions for chip sealing

The roading industry in New Zealand favours a switch from hot cutback bituminous binders to bitumen
emulsions for health and safety as well as logistical reasons. This does introduce a potential barrier to the
use of crumb rubber. The high temperatures required for handling these binders and their high viscosity
makes emulsification much more difficult than using standard binders.

30



6 Technology developments

Fortunately, there are growing examples where crumb rubber has been successfully incorporated into
emulsified binders. The principle behind one technology is to add a solvent-based dispersion of crumb
rubber of high concentration (40-50%) into a bitumen emulsion by simple blending (Holleran et al 1997;
Holleran and Reed 2000).

Terminal blends, being of lower-viscosity can be emulsified directly and thus used as conventional
bitumen emulsions (Pacific Emulsions Inc 2009). The caveat is that the percentage of crumb rubber used is
no more than 5-10%. This may result in crumb rubber modified surfacings falling short of the expected
performance benefits. More recently, the terminal blends have been developed which contain more than
15% crumb rubber (up to 20% in some Caltrans specifications). It is clear that it is possible to emulsify
crumb rubber modified binders, but the technology is still in development.

An alternative method for emulsifying crumb rubber modified binder is by devulcanising the crumb rubber
prior to binder modification. The devulcanisation process (see section 6.8.2) removes the sulphur
crosslinks and enables crumb rubber to be incorporated into bitumen binder in similar manner as virgin
polymers, resulting in a homogenous binder with a significantly reduced high-temperature viscosity
suitable for emulsification (Subhy et al 2015; Zanzotto and Svec 1996).

6.7 Warm mix technologies or warm mix asphalt

Crumb rubber modified bitumen have also been used in warm mix asphalt applications (WMA) in the USA
(FHWA 2014). The lower temperatures required for these processes may reduce emissions when using
crumb rubber. There are currently four main approaches taken to produce WMA.

1 Inorganic chemical additives — predominantly crystalline hydrated alumina-silicates, such as synthetic
zeolite (eg Aspha-Min, Advera) which is added during mixing to create a foaming effect in the binder.

2 Asphalt foaming systems - these typically involve first pre-coating the aggregate with a soft binder
which allows for a lower mixing and compaction temperature, and then using a harder binder that is
foamed to improve workability, eg WAM-Foam.

3 Organic additives - typically paraffin-based compounds, eg Sasobit and Asphaltan B.
4 Emulsion systems — using bitumen emulsions with additional chemical additives (eg Evotherm).

While warm mix technologies are relatively new, they are considered to be acceptable for use provided
they meet equivalent performance requirements to those of HMA. They have promising futures in terms of
energy saving and air quality management. Numerous case studies have shown that the technologies do
work as far as producing satisfactory HMA at reduced temperatures.

Case studies of warm mix technologies used with crumb rubber modified chip seals (Hicks et al 2010;
2012a; Cheng et al 2012) have shown that numerous trials using warm mix technologies and terminal
blends were conducted in the early 2000s. The initial results were promising. The main recommendations
were continuation of monitoring and evaluation of the pavement performance to know for certain that the
finished pavement still performed the same, if not better.

Behl et al (2013) conducted laboratory studies using the Evotherm technology to lower the working
temperature of a terminal blend crumb rubber modified bitumen, containing 10-12% of tyre rubber by
weight of bitumen. The study successfully lowered the mixing temperature to 120-130°C with 0.5% of the
WMA additives by weight of bitumen. The modified ‘warm mix’ performed well against the conventional
hot mix.
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WMA systems may in some cases allow the manufacture of crumb rubber modified asphalt at lower
temperatures than normal and so potentially reduce emissions but very little research has been conducted
in this area.

Warm mix technologies were also used to pre-treat tyre-derived rubber in an attempt to reduce the high-
temperature viscosity as a way of reducing the operating temperature range and improving the storage
stability of crumb rubber modified binders (Subhy et al 2015).

6.8 Other technologies

6.8.1 Poroelastic road surfaces (PERS)

This concept was first developed and used in Sweden in an attempt to produce a low-noise road surfacing
(Biligiri et al 2013). The principle is similar to that of porous asphalt (>20% air voids) but >20% of the
aggregate is replaced by crumb rubber of 1-4mm and it uses polyurethane as the binder instead of
bitumen. The elastic nature and the high porosity help to create a low-noise surface, and aggregates in
the mix improve the friction of the surface. This is potentially an alternative application for crumb rubber
in car parks where skid resistance is not as critical as on high-speed roads.

6.8.2 Devulcanisation

According to the literature research, the breaking of bonds in the three-dimensional matrix of vulcanised
rubber can be accomplished by several methods. There are processes that use radiation energy,
microwave energy and ultrasonic energy (Zanzotto and Svec 1996). Chemical and thermo-chemical
processes to devulcanise or partially devulcanise crumb rubber (Memon and Franco 2006). There are also
thermo-mechanical devulvanisation processes which remove the sulphur and cross-linking without the
use of chemicals, high pressure and elevated temperature (Zanzotto and Svec 1996).

The processes are more or less selective in breaking the sulphur and carbon bonds. The thermal and
thermo-mechanical processes seem to be the most practical. The properties of a devulcanised material
are substantially different from those of the original crumb rubber resulting in different properties for the
modified binder.

Devulcanisation leads to a rubber modified binder with a much lower high-temperature viscosity and thus
allowing it to be used with dense graded asphalt mixes where the film thickness needs to be low. This also
helps to overcome the two main issues of conventional crumb rubber modified binders:

1 The high cost of specialist equipment to work with high viscosity modified binder

2 The risk of segregation of partially digested rubber in the high viscosity binder during storage and
transport.

However, this is currently a more costly process (about 60% more expensive than a conventional crumb
rubber modification). The cost-benefit of this process needs to be evaluated over the lifecycle of the
modified pavement and surfacing.

Zanzotto and Svec (1996) commented that if end-of-life tyres are to be used in large quantities for binder,
the economy of the devulcanisation process has to be such that:

®* Rubber binder should have improved properties to justify the increased cost associated with the
manufacturing process.

®* Rubber modified binder should be cheaper than PMBs. Otherwise, the cost will be prohibitive for
massic use and it will not be competitive with existing products that use virgin polymers.
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The devulcanisation process and the incorporation of the devulcanised rubber will have to be relatively
simple and rugged so that it can be used without excessive capital investment.

It must be environmentally friendly.

The final product will have to be useable by equipment and technologies presently employed in road
pavement and surfacing.

6.9 Non-surfacing roading applications

1

Similar to the principle of PERS and open-/gap-graded porous asphalt, crumb rubber may have a role
in non-surfacing roading applications such as drainage where resistance to traffic loading is not as
important. Vila et al (2012) experimented with using crumb rubber as a drainage layer in green roofs.
In this paper, crumb rubber was used instead of the porous stone materials currently used in some
commercial solutions (such as expanded clay and pumice). Preliminary result was encouraging and
further research and development was recommended.

Humphrey and Eaton (1995) found by road trials that a layer of waste tyre chips provided effective
insulation to limit frost penetration beneath a gravel-surfaced rural road. Good drainage property was
also observed. Similar observation was reported by Frascoia and Cauley (1995) in a separate study.

As part of a strategic recycling programme, Pennsylvania Department of Transportation (PennDOT
2011) conducted a trial adding crumb rubber to a four-inch basecourse and two-inch friction course.
The asphalt mix was modified with 0.5% (by total weight) crumb rubber using a dry process. However,
no performance data was reported. More recently, Florida Department of Transportation report (FDOT
2014) conducted a significant amount of research on ways to re-use waste materials including glass,
waste tyres, and reclaimed asphalt and concrete pavements. FDOT reported that crumb rubber does
not make a good stabilising agent for subgrade soils. However, the authors concluded that the use of
shredded rubber in sand sub-bases may be feasible as the increased rubber content improved
drainage without affecting the properties of the sand such as California bearing ratio.

Safety barriers made of waste tyre rubbers and other materials. There is currently a European Union
funded project on demonstrating and validating a generation of eco-friendly safety barriers made
from recycled waste tyres, plastics and concrete. www.lifeproject-newjersey.com/

Railway sleepers or railway ties may be moulded from crumb rubber (US Patent 1993) and other
plastics to replace those made by timber or concrete.
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7 Environmental impacts

While incorporating crumb rubber in roads may seem to be the perfect solution for repurposing waste
tyres, there have been ongoing concerns over the potential increase in hazardous emissions during
production and its effects on exposed workers, leaching during service, and recyclability of the end-of-life
crumb rubber modified surfacings. The following section summarises the latest findings.

7.1 Emission and worker exposure concerns

In 1991, the US Congress passed the Intermodal Surface Transportation Efficiency Act (ISTEA) which
required each state to use a minimum quantity of crumb rubber modified HMA in federally funded roads.
The mandate generated momentum in the development of crumb rubber surfacings across the US but it
also created strong opposition and serious concerns over fume emissions and other environmental and
human health issues, along with cost and other potential implications. As a result of these concerns, a
temporary moratorium was immediately put in place on the ISTEA mandate until those issues could be
satisfactorily resolved.

The US federal government funded comprehensive emissions testing programmes of asphalt and crumb
rubber modified asphalt fumes at seven sites across the US (Hanley and Miller 1996; Stout and Carlson
2003). Extensive studies on fume emissions from crumb rubber bitumen use were carried out by various
US states Department of Transportation (DOTSs) to provide detailed information on the health concerns
compared with conventional processes. While initial studies indicated the emissions caused by using tyre
rubber in asphalt were no greater than those from conventional asphalt, variations in the conditions of a
hot mix operation sometimes confounded the effect of crumb rubber on emission rates (Crockford et al
1995). In many cases increases in plant emissions were due to the elevated operating temperatures rather
than the presence of crumb rubber.

Roschen (2002) conducted stack emission tests at two asphalt concrete mixing facilities in California in
2001. Emissions during the production of crumb rubber asphalt mixes were compared with the
production of conventional mixes under the same plant conditions. The report concluded that the
measured emissions of particulate and specified toxic compounds during the production of crumb rubber
asphalt were not significantly greater, if greater at all, than the emissions measured during the production
of conventional asphalt. The emission rates were consistently lower than those specified in the US
Environmental Protection Agency (EPA) Compilation of air pollutant emission factors AP-42 (EPA 1995). As
a result, the existing production plants in the area investigated were permitted to produce crumb rubber
asphalt mix.

In most cases and in subsequent studies, for all samples and all mixes used, the levels of exposure to
hazardous compounds were significantly below exposure levels established by the National Institute for
Occupational Safety and Health (NIOSH) and the US Occupational Safety and Health Administration (OSHA)
(Gunkel 1994). However, a later NIOSH report (Burr et al 2001) highlighted that there was still a lack of
worker exposure studies to complement the numerous stack emission studies.

In summary, although no definitive results were obtained indicating that crumb rubber asphalt exposures
are more hazardous than exposures from conventional asphalt production, NIOSH remains cautious and
suggests based on the trend of this report that crumb rubber emission exposures are potentially more
hazardous. The confidence intervals generally show that worker exposures can be considerably higher on
crumb rubber modifier paving days and that some of these differences were statistically significant. Also,
in general, the frequency of symptoms reported by workers was greater on the crumb rubber paving days.
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These were often related to the distinct odour from heating crumb rubber binder at elevated
temperatures. While the measured concentration from various emission studies does not exceed
acceptable limits, the odour may still be an issue for the general pubilic.

With regards to odour management, there are commercially available technologies. For instance, Ecosorb
(OMI 2014) by OMI Industries is a chemical absorption method that works with asphalt. There is also
information on odour control systems available from the Ministry for the Environment (MfE 2003).

7.2 Leaching concerns

Another area of concern is potentially hazardous compounds from the crumb rubber making their way
into water sources by leaching of crumb rubber surfacings. While studies have demonstrated that trace
metals, volatile organics and semi-volatile organics may be leached from milled crumb rubber asphalt, the
levels are too low to be environmentally significant or dangerous under the US guidelines (Crockford et al
1995). It also must be noted that the tests were done on milled surfacings. These represent the worst case
scenario as the surface area available for leaching is much greater than in a compacted asphalt layer.

Devulcanisation may be a solution to reduce the ecotoxicity problem by removing the chemicals prone to
leaching before the crumbs are put into use (Myhre 2005).
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8 Implications for recycling

Only a limited number of cases have been reported, but crumb rubber modified asphalts have been
successfully recycled in the US. Caltrans (2005a) evaluated and reported a list of recycling options for
crumb rubber modified pavements. In the order of highest feasibility, they are full depth pavement
reclamation, hot plant recycling, cold in-place recycling and hot in-place recycling. Full depth reclamation
is already being used for flexible pavement rehabilitation in California. It appears that crumb rubber
modified materials can be readily incorporated in the basecourse with improved properties.

Hot plant recycling is where reclaimed crumb rubber modified material is recycled using a HMA plant. This
processing route has huge potential for successful development and implementation given what is already
been implemented for a conventional reclaimed asphalt pavement (RAP). The City of Los Angeles recycled
a 12-year-old crumb rubber modified asphalt pavement on Olympic Blvd (Youssef and Hovasapian 1995).
The pavement was milled and stockpiled at a nearby asphalt plant. The asphalt rubber grindings were
added to virgin rock and extender oil so that the grindings composed 15% of the final mix. At another
location, the grindings were put through a microwave process where nearly 100% of the output was
composed of recycled asphalt rubber. They also performed an air quality impact of grinding, transporting
and processing the asphalt rubber. The results of the testing showed that the recycled asphalt rubber
reclaimed from Olympic Blvd met specifications and passed all tests and was recyclable using either
microwave technology or conventional mixed design technology. The air quality testing found employee
exposure to air contaminants well below the OSHA permissible exposure limits and in most cases, below
the detection limit.

Both cold and hot in-place recycling options require further research and development. In cold in-place
recycling, there were issues with the stability of the recycled mixes as a result of cold compaction.
Caltrans was developing emulsion binders to resolve these issues. Similarly, in hot in-place recycling,
there were issues with emission from extender oils as well as the use of rejuvenating agents.
Recommendations from Caltrans were to focus on full depth reclamation and hot plant recycling while
continuing to develop solutions for both cold and hot in-place recycling.

For the recycled crumb rubber mixture, volatile organic compound emissions were lower than the range
for standard HMA. The report pointed out that air quality did not seem to be any more of a severe
problem than it was with conventional asphalt. Due to odour, cold or very low heat, milling was preferred
over hot milling when recycling the crumb rubber pavements. Any hot in-place recycling could only be
done with equipment trains having effective emission control systems on them. Standard plants with
effective emission control devices appeared to be adequate when incorporating up to 30% crumb rubber
RAP in the mixture (Crockford et al 1995). It is also important to note that while traditional recycling of
crumb rubber modified RAP requires higher production temperatures (>160°C), it is possible to
incorporate lower quantities of crumb rubber modified RAP (30%) at temperatures similar to conventional
hot mixes.

More recently, Shen et al (2006) successfully conducted experiments to incorporate 15% crumb rubber
modified RAP into asphalt mixture with the plant recycling process. The results from rutting tests and
indirect tensile strength tests of the recycled mixture were comparable to those of the control mixture. It
was noted that further research is required for incorporating higher percentages of crumb rubber as it
may impact on the workability of the RAP mixture.

As the use of RAP is becoming more widespread in New Zealand, it is critical that temperature
management is addressed when dealing with recycling crumb rubber modified pavements to minimise the
risk of increased emissions. The use of warm mix technologies is an effective solution to reduce mixing

36



8 Implications for recycling

and compaction temperatures (SCDOT 2010). In the case of modified pavements using devulcanised
rubber, the implications for processing the RAP should be no different from that of RAP originating from
polymer modified pavements.

In conclusion, there are certainly many examples abroad which the New Zealand industry can learn from.
Over the past few decades, plenty of technologies have been developed to improve recycling of crumb
rubber modified materials. The key to successful uptake in New Zealand is to investigate technology
appropriate for the New Zealand market to ensure recycling of crumb rubber modified RAP can be
implemented effectively and economically.
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9 Costs

9.1 Cost-related issues

9.1.1 Supply

In New Zealand, approximately five million tyres are imported each year. It is estimated that 70% by weight
of waste tyres go to some form of landfill (Tyrewise 2013). About 62,000 tonnes of waste tyres are
generated in New Zealand annually, 25% of which (15,500 tonnes) are truck tyres and suitable for use in
roading applications as a bitumen modifier. There is currently no market for crumb rubber use in roads in
New Zealand and no strict monitoring of the flow of tyres in the country as a product or waste stream,
which makes it difficult to maintain a secure supply of crumb rubber.

In Australia, where 16% of 48 million tyres are recycled annually, an estimated 30 million litres of crumb
rubber-modified bitumen are sprayed on Australian roads each year (Jansz 2012). This is helped by the
fact that many Australia state binder specifications have allowed the use of crumb rubber seals. As of July
2014, Australia has launched a voluntary Tyre Product Stewardship Scheme, which takes a levy of 25 cents
on every new tyre sold in Australia (ACCC 2013). This will help fund and enhance the type of market that
several groups are advocating to create in New Zealand.

The Tyrewise reports (Tyrewise 2012a, b and c¢; 2013) highlighted that New Zealand is currently missing
supportive legislation that bans landfill of tyres and shapes the market system so there is a clear supply
and demand balance within the life cycle of tyres. The Tyrewise working group have recommended, a
mandatory participation scheme with priority waste stream/product status for waste tyres that should help
create a market system, as demonstrated by a similar approach taken in the US.

By 1998, 48 states in the US had implemented waste tyre legislation or regulations to monitor the flow of
waste tyres. Many states banned the practice of tyre disposal in landfills. Fees related to tyre sales or
vehicle registrations were established to help fund waste tyre pile, clean-up efforts and to incentivise end-
users to divert the flow of waste tyres from piles. Some states offer grants or direct reimbursement to tyre
processors based on the product output.

With respect to roading applications for waste tyres, there are only four states (California, Texas, Arizona
and Florida) in the US actively using crumb rubber in their roads. These states persisted with developing
the practice and have incentives in place to encourage demand. For example in California, grants are given
to roading contractors for construction jobs involving crumb rubber use (CalRecycle 2010).

In New Zealand, the Tyrewise project suggested a scheme in which fees on loose tyres would be collected
from brand owners (preferably via Customs) and fees on fitted tyres collected via the Transport Agency on
behalf of vehicle importers. The collected fee would be paid to a non-profit product stewardship
organisation that would fund the collection of waste tyres from the public. The funds accumulated would
be paid as incentives to registered scheme participants. The flaw in this scheme is that the roading
contractors and bitumen suppliers are not part of the lifecycle of tyres, so they have no obligation or
incentive to use crumb rubber under such a scheme.

9.1.2 Material costs

The cost of crumb rubber can vary significantly based on the quality of the product, which is determined
by the processing techniques used. The cost can also increase significantly with decreasing size. The finer
the mesh size, the more processing steps and thus costs are added to the final product.
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It is important to note that ‘quality’ in the present context refers to the consistency of the overall product
composition and particle size not the chemical purity of the crumb rubber. It is not essential to have 100%
pure rubber for the crumb rubber to work in roads. In fact, it is advantageous to have carbon black (Brown
and Bouncher 1990) as a reinforcing agent.

Another factor affecting cost is the volume of crumb rubber produced. The market for crumb rubber in
New Zealand is currently very small and there are only a few waste tyre recyclers currently producing
crumb rubber:

Pacific Rubber Ltd Located in Takanini, Auckland, does not produce 30 mesh (which is a grade used
in Australia), but is in position to add it into the production line, which operates
by mechanical grinding at ambient conditions.

Entyre NZ Ltd Based in the Clean Technology Park (Otaki), Entyre is currently building a recycling
plant based on a chemical devulcanisation technology capable of handling 40% of
the annual waste tyre stream. Its granulation processes are operated at ambient
temperatures. The company’s future is currently unknown as founder passed
away late 2014.

Rubber Solutions Ltd Located in Upper Hutt, Rubber Solutions main operation is re-treading truck
tyres. Currently 30 mesh crumb rubber using the ambient process is produced
mainly for export to Australia.

EcoVersion EcoVersion is building a devulcanisation plant in New Zealand using proprietary
technology developed by Maxlink Recycling in China. The thermo-mechanical
devulcanisation process will be operational by 2016.

The supply of crumb rubber (and the number of suppliers) would presumably increase if a market in
roading was established in New Zealand.

Currently ground crumb rubber costs NZ$700-750 per tonne (as of 2014) compared with bitumen at
about $795 per tonne (as of April 2015). The price of devulcanised rubber varies from NZ$900 to
NZ$1,500 per tonne (as of 2015). A recent presentation by Australian contractor, Boral, reported the cost
of importing raw materials as A$800 for crumb rubber versus A$4,000 per ton of polymers (Jansz 2012).

9.1.3 Equipment and production costs

The initial cost of any technology uptake will always be high. This is unavoidable as capital investment is often
key to implementation of a new process. Cost can be minimised by careful selection of what is required.

The plant requirements for use of crumb rubber are in general similar but not identical to use of SBS PMB.
The phase stability of modern SBS-bitumen materials is superior to that of crumb rubber modified binders
and odour is generally not a problem which is not the case with crumb rubber materials. For asphalt
plants, there may be extra costs associated with the installation of specialised blending equipment and
emission controls. For chipsealing, sprayers may need to be modified by use of more powerful pumps
(due to the high viscosity of crumb rubber modified bitumen) and use of different spray nozzles. Unless
the job sites are close to a blending plant where the modified binder is produced, then phase separation
may be a problem. It may be necessary to have a mobile blending unit available at the job site.

Production costs are also potentially higher than conventional bitumen per unit ton until economies of
scale are in place. While the necessary plant is readily available and the design and construction of crumb
rubber modified surfacings is well established technology, the relatively lower volume in the New Zealand
market presents an obstacle for the roading contractors to justify the initial costs. Nevertheless, the

39



Removing barriers to the use of crumb rubber in roads

expiration of many patents on processing technologies in the late 1990s and early 2000s, has had the
effect of driving the costs down in the US. In 1999, the price differential between conventional and crumb
rubber HMA was about US$10.00 per ton in the US. In California, crumb rubber modified chipseal is priced
at US$2 per square yard with an estimated treatment life of eight years and US$1 per square yard for
conventional chipseal (Caltrans 2006).

9.2 Life cycle cost analysis

Although the initial cost of crumb rubber modified bitumen construction may be higher than that of
conventional materials this may be offset by improved performance of crumb rubber surfacings in terms
of fatigue resistance and durability. Caltrans, for instance, has done a thickness equivalency design guide
for conventional dense graded asphalt concrete and crumb rubber modified hot mixes. The guide
indicated that the initial cost for crumb rubber modified hot mixes is actually lower than conventional
HMA due to the lower thickness required to achieve the same performance level (Caltrans 2006).

Crumb rubber modified binders are in general cost effective when used as thin, gap- or open-graded
surface courses or overlays of 30-60mm compacted thickness, chipseals and interlayer applications
(Caltrans 2006).

Jung et al (2002) conducted a life cycle cost analysis study comparing agency and user costs of
conventional and asphalt-rubber hot mixes in Arizona. An analysis period of 25 years was chosen because
it reflects the long-term cost effect as one or more rehabilitation should be undertaken, assuming the
pavement life is around 10 years. The cost prediction was based on historical data from the first 11 years
of the pavement’s life, which provided some assurance of the validity of the analysis.

The unit cost of an asphalt-rubber pavement in the US is normally 1.5 to 2 times more than conventional
asphalt pavement. However, the total initial cost is much less for the asphalt-rubber pavement due to the
difference in the thickness of each layer (as constructed). Costs were divided into agency costs and user
costs. Agency costs consist of an initial construction cost (at year 0), rehabilitation and maintenance costs
which typically increase over time. There may be other costs such as preliminary engineering. User costs
include travel time delay costs, vehicle operating costs, accident costs and discomfort costs. User costs
are often difficult to collect and quantify accurately. In addition, as mentioned in section 9.1, the four US
states DOTSs subsidise the use of crumb rubber in pavements, effectively making it more economical and
appealing for contractors.

The pavements in the study are shown in table 9.1 below. In this particular case (a four-mile long, eight-
yard wide section in Arizona), the initial cost for the conventional pavement design is almost twice as
much as the asphalt-rubber pavement (to achieve equivalent structural strength).

Table 9.1
into account

lllustrating a reduced construction cost of asphalt rubber pavement when the thickness is taken

Asphalt Thickness (in) Length (yard) Width (yard) Cost ($US) per Total cost ($US)
concrete sq yard per inch

Aggregate base 4 7,040 8 0.55 123,904
Bitumen treated 6 7,040 8 1 337,920
base

Asphalt concrete 11 7,040 8 1.7 1,053,184
Sum 1,515,008
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Asphalt
concrete

Thickness (in)

Length (yard)

Width (yard)

Cost ($US) per
sq yard per inch

Total cost ($US)

Asphalt rubber
asphalt concrete

(ARAC)

Aggregate base 8 7,040 8 0.55 247,808
Asphalt concrete 3 7,040 8 1.7 287,232
ARAC 2 7,040 8 2.4 270,336
ARAC friction 0.5 7,040 8 25 70,400
course

Sum ($US) 875,776

Source: Jung et al (2002)

The cost effectiveness of asphalt-rubber modified asphalt concrete is particularly good because of the

reduction in thickness which brings the initial construction cost down dramatically even though the unit

cost for the modified asphalt concrete is high. The net present value calculation over a 25-year period and
at a discount rate of 4% is shown in table 9.2.

Table 9.2 Difference in maintenance costs and user costs over 25 years
AC ARAC Difference (AC -ARAC)
Year MC ($) UC ($US 1,000) MC ($US) UC ($US MC ($US) UC ($US 1,000)
1,000)
0 1,515,008 875,776 639,232
5 1,844 12,296 1,317 12,325 527 -29
10 7,477 12,705 4,295 12,288 3,182 417
15 10,471 13,288 5,853 12,890 4,618 398
20 11,998 13,981 6,471 13,172 5,527 809
25 12,649 14,800 6,683 13,565 5,966 1,235

Year O: initial construction cost, AC: asphalt concrete; MC: maintenance cost; UC: user cost
Source: Jung et al (2002)

The summary of costs in table 9.2 highlights that after year 10, both maintenance and user costs become

significantly higher for the conventional pavement as its deterioration becomes more serious.

In another cost-benefit analysis study in California, Shatnawi (2013) compared four rehabilitation

treatments each designed with an expected 20-year life based on retardation of reflective cracking. The

four strategies were:

1 105mm HMA overlay

2 Crumb rubber modified stress alleviating membrane interlayers (SAMI-R) followed by 60mm HMA

3  60mm crumb rubber modified HMA (RHMA)

4  SAMI-R followed by 30mm RHMA

The cost effectiveness of using asphalt rubber modified SAMI in rehabilitating existing flexible pavements
was demonstrated to be significantly greater than conventional HMA treatments. Net present value

calculations for a 4% discount rate are shown in table 9.3.
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Table 9.3 Cost differences between four rehabilitation

strategies

Strategy description

Agency cost ($US1000)

User cost ($US1000)

Total cost ($US1000)

1 105mm HMA 2,500.28 1,852.30 4,352.58
2 SAMI-R + 60mm HMA 2,358.33 1,569.15 3,927.48
3 60mm RHMA 1,669.93 957.58 2,627.51
4 SAMI-R + 30mm RHMA 1,706.96 818.13 2,525.09

Source: Shatnawi (2013)
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10 Conclusions

The purpose of this review was to bring to light information related to the use of crumb rubber in road
surfacing applications that have a bearing on potential use of the material in New Zealand. A number of
observations can be made in summary:

10.1 International experience

Crumb rubber has been successfully used in asphalt and chipseal surfacings internationally for many
decades, particularly in asphalt mixes in the US and as a chipseal binder in Australia and South Africa. Plant,
equipment and extensive guidance on the use of crumb rubber in asphalt and chipseal surfacings is readily
available internationally and could be readily applied or adapted to crumb rubber use in New Zealand.

10.2 Specifications

There are numerous international specifications governing the properties of crumb rubber modified
bitumen and asphalt mixes. If necessary these could be readily adapted for use in New Zealand (there is
no Transport Agency specification covering crumb rubber or any other form of PMB) even if only in the
form of guidelines as to the expected physical properties to be achieved. With the exception of the dry
process (which is relatively little used) there appear to be no specification barriers to the use of crumb
rubber binders in New Zealand; contractually they could be treated as any other proprietary PMB.

10.3 Technology

Two main processes dominate crumb rubber applications in road surfacings, the ‘dry’ process in which
crumb rubber is added as 1 to 3% (by weight) of the aggregate fraction in the asphalt mix, and the ‘wet’
process. Not all asphalt plants in New Zealand would be suitable for use of the dry process. In the wet
process crumb rubber is mixed with conventional bitumen and an oil and digested at around 200°C.
Typically 10-20% by mass (most commonly about 15%) of crumb rubber is used in the modified binder
either in asphalt mix or as a chipseal binder. In the latter case the binder is sprayed at about 190°C
though lower temperatures have been used with the addition of warm mix technologies. The use of crumb
rubber bitumen emulsions is still in the developmental stage. This is a key consideration for crumb rubber
applications in chipsealing in New Zealand as in general the industry has agreed that a move to a lower
temperature, wholly emulsion-based sealing is desirable for health and safety reasons.

Based on the literature review, wet processes have the best track record in terms of performance and
commendation from various leading authorities. It is logical to further investigate the benefits of terminal
blends against high viscosity crumb rubber modified binders.

10.4 Performance enhancement

Extensive laboratory studies and field experience have shown that crumb rubber modification enhances
the rutting and fatigue cracking resistance of asphalt mixes compared with mixes made with conventional
bitumen. Other (less well documented) advantages include improved noise reduction and drainage when
used in open grade mix designs.

The performance benefits when crumb rubber is used in chip sealing applications are largely anecdotal.
Improved resistance to reflected cracking, chip retention and reduce bleeding at high temperatures are
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generally cited as advantages for crumb rubber modified binders but there is little documented evidence
from controlled trials to support these claims. In New Zealand, chipsealing offers the greatest potential for
consumption of large volumes of crumb rubber but it is essential there is clear evidence of the predicted
benefits actually being achieved.

10.5 Costs and supply

The US experience shows that per unit of material crumb rubber modified asphalt costs 1.4-2 times that
of standard mix (in place) although the use of crumb rubber is longstanding, widespread and large
volumes are used. Costs in New Zealand may be significantly higher especially in the early stages of
adoption. The initial cost of a crumb rubber asphalt surfacing can be lower than that of conventional mix
due to savings being made through, where possible, use of thinner layer thicknesses that achieve the
same level of performance. This is possible because of the enhanced binder properties conferred by the
rubber modification. In other cases the initial cost of crumb rubber modified asphalt may be higher than
that of a conventional surfacing but savings accrue through a longer lifecycle (as is the case with SBS
polymer modified asphalts). Based on the Australian experience costs of crumb rubber chipseals are
typically very similar to chipseals with binders modified by synthetic polymers (PMBs).

Costs of the raw crumb rubber product will vary according to the volumes involved. There are at least
three companies producing crumb rubber in New Zealand but the volumes produced are relatively small.
The manufacturing processes involved are relatively simple and inexpensive, and expansion of production
could be rapidly achieved if there was demand from the roading industry. Figures quoted by one supplier
were $700-750 per tonne (compared with bitumen at around $1,000 per tonne).

10.6 Environmental concerns

Several environmental studies in the US have demonstrated that the emissions from crumb rubber asphalt
mix production and paving operations are not significantly different from conventional processes and the
detectable levels are normally within limits set by US Government agency guidelines. California has some
of the strictest environmental regulations, and crumb rubber is widely used and developed in this state.
From New Zealand’s point of view, there is insufficient evidence from an environmental viewpoint to
prohibit the use of crumb rubber in New Zealand roads. In addition, it is important to note that much of
the environmental concerns can be minimised by available technologies, for example, warm mix
technologies, which lower the application temperature of the crumb rubber modified binders and thus
reduce the emission and potentially odour as well. A ‘best practice’ must also be followed so that proper
measures, such as emission and temperature controls, are taken.

The same notion applies to recycling of crumb rubber modified materials. While there are no significant
technology barriers associated with recycling crumb rubber modified RAP, further investigation is needed
by the New Zealand industry to make sure crumb rubber modified RAP can be implemented cost
effectively.

The most difficult obstacle here is overcoming public perception of the distinct odour associated with
heated rubber. Many mixing plants in New Zealand are situated in areas where there is a growing presence
of residential dwellings because of the changing resource consents over time. The roading contractors
have adopted to the changes and modified the plants to meet the environmental requirements. Similarly,
there are technologies available to control emission and odour associated with crumb rubber use.
Emissions are likely to be affected by plant design and operation so that if used in New Zealand a more
thorough investigation of potential emissions is desirable.
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Conventional crumb rubber modified bitumen technologies can be applied in New Zealand and although
the initial cost increase could be significant, once they are established the cost would be expected to be
comparable to polymer modified binders. The fact that crumb rubber cannot be emulsified is a barrier to
its use but recent developments in devulcanisation technology may overcome this. Currently the market
for crumb rubber is small, but this is because improvements provided by modifying chipseal binders have
not previously been definitively proven; however, methods are now available to assess the potential
enhancements. Implementation of the following recommendations would allow the use of tyre rubber
modified bitumen essentially as a seamless substitute for SBS modified bitumen. In an ideal scenario, the
proposed changes would be implemented in a chronological order as follows:

1 Expanded use of PMB over the network. Quantification of the performance benefits of currently
used PMBs over unmodified binders must be investigated to demonstrate the whole-of-life cost
benefits from use of PMBs. These benefits can then be used by the transport sector to justify
increased use of PMBs. This ‘mandated’ market growth is needed to increase the potential market for
devulcanised crumb rubber modified binders, and justify investment by the sector in the technology. It
is recommended that a working group consisting of industry stakeholders be formed to
adopt/develop a new specification for PMBs.

2 Validation of devulcanised rubber technology. Research must be done to establish that
devulcanised tyre rubbers can be emulsified using standard equipment. The field performance of
devulcanised rubber modified binders (with and without emulsification) needs to be verified by
comparison with benchmarks set by the initial PMB study.

3 Environmental considerations. From an environmental point of view, it is recommended that a ‘best
practice’ is followed so that proper measures, such as emission and temperature controls, are taken.
The potential issue of the distinct odour emanating from the hot bitumen containing crumb rubber
needs to be considered. While there are no significant technology barriers associated with recycling
crumb rubber modified RAP, further investigation is needed by the New Zealand industry to make sure
crumb rubber modified RAP can be implemented cost effectively.
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