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My name is Alan James, | am the Chairman of the Cambridgeshire & Peterborough
branch of CPRE. | am not a planner. | hold a doctorate in Materials Science and am
a Management Systems professional. Amongst other industries, | have had in-depth
experience of the waste management industry. Several years ago, one of my
businesses re-developed and supported the waste collection and waste management
systems of a major, UK-based and international waste management company.

CPRE fully support and continue to support all of the reasons given by
Cambridgeshire County Council for its refusal of this application.

In its letters to the Council and more recently to the Inspector, CPRE raised six
major objections to this application. | would like to expand on some of our
reasoning.

1. Effect on Landscape

We previously pointed out that this proposal would have significant and adverse
visual impact on the local character and surrounding countryside due to its
prominence, large scale and industrial appearance. The 80 metre high chimney
would be clearly visible from public viewpoints on higher ground and it would be
visible for miles across the surrounding low-level and open Fenland. It would have a
serious impact on the Fen Edge District Landscape Character Area.

| would like you to consider carefully just how damaging this giant industrial
structure will be in that landscape. Not just from the few chosen locations of the
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landscape professionals but through the eyes of ordinary people who live and work
here and the tourists who come to visit our fine cities of Ely and Cambridge and to
experience the Fens. | would also like you to consider the effect for those who look
into this landscape from the higher ground to the south, east and west.

| live in Haddenham on the south side of the Isle of Ely. From my house looking
south on a clear day | can see across the Fen from the Isle to the chalk hills which
border Newmarket in the east, round to the Gog Magog Hills, to Madingley ridge and
Bourne across to St Neots, the river valley dips and then there is the ridge running
south from Huntingdon past Graveley. If the weather is very clear and the light is
right, | can see clearly the TV mast at Sandy in Bedfordshire.

So just imagine anyone located on any of those vantage points | have mentioned,
apart from the TV tower of course, looking into this Fen bowl. Instead of seeing a
gentle Fen landscape with its towns and villages on the higher ground, their view
will be dominated by this massive industrial building and its fuming 80 metre high
chimney depositing its toxic, heavy-metal and organic pollutants across some of the
most productive food-growing land in this country.

Consider also the effect this will have on the many overseas visitors to Cambridge,
especially those from the United States who have come to pay their respects to
their countrymen who died fighting for their freedom and ours, and are now
interred, in perpetuity, at Madingley Cemetery. When those visitors look north east
to see the famed view of Ely Cathedral, they will have their eyes distracted by this
intrusive industrial structure.

Many people have the concept that because the Fens are flat, the landscape is
boring or monotonous and therefore can be sacrificed. It is not. It is in fact a very
special, and delicate, place. In considering how to convey this attribute, | was
reminded that back in 2008, there was another public inquiry about a proposed
development a few miles further north along the Al10 between Stretham and
Wilburton. | remembered how the Inspector who considered that application had
come to appreciate the Fen landscape. In his report finding against that applicant
he wrote these words:

“North of the Great Ouse bridge on the A10, flat, open farmland becomes more
prevalent particularly to the west of the County road, although there are some
roadside services on the eastern side. However views in a north-westerly direction
towards Wilburton portray an open landscape of arable land, ditches, drove roads
and further to the north, small groups or belts of trees which increase towards the
Al1123 and ridge line north of that road. Whilst it is not of topographical interest, |
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would not characterise this landscape as ‘monotonous’. It has a slightly mystical
character that can change with weather conditions. The belts of trees as the land
rises slightly towards the A1123 and the higher trees in linear order approaching
the ridge add an almost Arcadian hint to the landscape character.”

(Appeal Ref: APP/V0510/A/06/2014221, page 174)

In the local landscape, there are few industrial buildings. Indeed, one of the largest
is the existing building on the Waste Management Park. To consider complementing
that with a building significantly more massive in every dimension than the other
large buildings in our landscape, such as village churches and Ely Cathedral itself,
demonstrates incredible insensitivity to any form of environmental, social, artistic
or cultural value associated with the English countryside and our unique Fen
landscape.

The establishment of first the National Trust and then CPRE were amongst the
outcomes of the work of John Ruskin, William Morris and Octavia Hill who wanted to
restrict the urban sprawl that was developing around London at the end of the 19th
century. It is Octavia Hill, a foremost citizen of Wisbech, who is remembered as
being the first user of the term ‘Green Belt’ in a letter to Ruskin in 1875. With its
long history of campaigning in mind, CPRE is very concerned by any threat to Green
Belts.

The Cambridge Green Belt is reputed to be the first to be established outside of
London following the Duncan Sandys’ circular. We see it being eaten away by a
development here, another there. Cambridge Green Belt is also one of the smallest
in the country. It is exceptionally narrow in its width and so any adverse impact
makes it highly vulnerable.

The proposed incinerator is right at the edge of the Cambridge Green Belt and CPRE
considers that the scale of the proposed development will have a negative impact
directly upon the Green Belt and reduce the planning authority’s effectiveness in
maintaining the countryside around Cambridge, Histon, Milton and other settlements
within the Cambridge Green Belt. Soon it will become very difficult to even call it a
Green Belt let alone recognise it as one. It will then be too late because the
character of the County city and the countryside surrounding it, will have been
forever changed.

2. Light Pollution
As stated in our letter of objection, CPRE are concerned that the light emitting from
the buildings and car parks will add to the light pollution in this primarily rural

Page 3 of 9



landscape. This will add to the urbanisation of the landscape within the district,
within this area of East Cambridgeshire and on the edge of the Cambridge Green
Belt.

Light pollution prevents us all from seeing the wonders of the night sky. It is also
becoming apparent that it has a significant negative effect on wildlife whose body
clocks and habits are attuned to the natural rhythms of day and night.

We are very concerned that much of the good work by the County Council recently
in replacing all its streetlights with much more directional and less polluting
technology will be undone.

This will have most effect closest to the site leading to a very negative impact on
Denny Abbey and the surrounding and increasing residential areas of Waterbeach.
However, it will also create a major source of light pollution in the wider night time
landscape.

3. Effect on Denny Abbey

The proposed building with its 80 metre chimney is so massive that it will cause
significant harm to Denny Abbey and to the other listed buildings of the Denny
Abbey complex and the Farmland Museum.

As previously stated, we concur with English Heritage's view, given in its objection
letter of 11 January 2018, that “the historic setting of Denny Abbey is that of an
historic medieval institution deliberately sited at the Fen edge” and "originally sited
on a small raised island until the Fens were drained".

We agree with English Heritage who express the importance of the original setting
chosen by the Benedictines in 1159 on the slightly raised edge of the Fen.

Furthermore, the Farmland Museum which manages the site provides an important
educational function in showing people of all ages just how farming has developed
over the past century and the important role it still plays in our society, especially
in the Fens.

We urge that the fragile setting of Denny Abbey must be protected.
4. Climate Emergency

Parliament declared a Climate Emergency in the UK and the Government has set a
target for the UK to be carbon neutral by 2050. Many say this is too late. Six Select
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Committees of Parliament are now in the process of setting up a citizen’s assembly
to be known as Climate Assembly UK to examine what actions can be taken to
reduce carbon emissions. The recent moratorium on fracking will assist because
recent research* has shown that methane emissions from fracking are a significant
contributor to global greenhouse gas emissions.

(*Howarth, R. W.: Ideas and perspectives: is shale gas a major driver of recent
increase in global atmospheric methane?, Biogeosciences, 16, 3033-3046,
https://doi.org/10.5194/bg-16-3033-2019, 2019.)

Local councils including the City Council have declared Climate Emergencies. It
follows therefore that all reasonable steps should be taken to avoid adding to
greenhouse gas emissions. CPRE has read the report titled “COMMENTS ON THE
APPELLANT'S THIRD CARBON ASSESSMENT AND THE PROOFS OF EVIDENCE OF
STEPHEN OTHEN AND DAVID ADAMS WITH RESPECT TO CLIMATE CHANGE” written by
One Solutions and submitted to this Inquiry by the local Campaign Group, Cambridge
Without Incineration, CBWIN.

We are very concerned to discover that the planned incinerator will apparently
“emit between 11,393 and 28,336 tonnes of CO2 equivalent per year more than
would arise from sending the same waste to landfill”.

Our primary concern is that this additional greenhouse gas will exacerbate the
threats from climate change, the greatest of which in this County is the loss of the
Fens to sea-level rise.

This situation will not be helped by all the additional emissions from transporting
waste from other areas of the country. In this respect, we note the Appellant’s
unclear Clarification Letter to County Council dated April 2018 which stated:

"70% of the burning capacity of the plant will be given to a ‘local catchment area’
and <30% capacity retained for private contract imports that will be allowed to
come from geographically anywhere.

The ‘local catchment area’ comprises Cambridgeshire and Peterborough, and their
adjoining counties of Milton Keynes. Adjoining Counties are Hertfordshire, Suffolk,
Essex, Norfolk, Luton, Bedford, Central Bedfordshire, Northamptonshire, Rutland,
and Lincolnshire. 11 counties in total.

Waste being processed through any waste transfer station within the defined
catchment will be regarded as arising from within the catchment area. "

We note that “private contract imports” could include other areas of the country
where the applicant is the waste services supplier, one of which is the Isle of Wight.
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CPRE would like to point out that of the c. 40% of food that is grown in this country,
c. 60% of that is grown in the Fens of Cambridgeshire, Lincolnshire and Norfolk.
Yet, due to climate change, there is now a high risk that by the end of this century
the Fens will once again be permanently flooded because the billions of pounds
needed to protect them are not forthcoming.

Based upon IPCC 2014, the Environment Agency is working to protect against a 1
metre sea level rise in the Wash by 2080. It is currently carrying out bank-raising
along the South Bank of the River Great Ouse to protect against a 1 in 80 probability
event at these levels. More recent estimates indicate the possibility of a 3 metre or
even a 4.7 metre sea level rise by the end of the century and in recent years there
have been several 1 in 1,000 probability events around the globe. There is every
indication that the risk of flooding in vulnerable areas is going to increase.

CPRE believes that because of the increasing flood risk to the best food growing land
in the UK, the Fens, everything possible must be done to reduce that risk.

The surest way of doing this is to limit or, even better, reduce greenhouse gas
emissions. This proposal appears to have a significantly opposite effect.

5. Cambridgeshire and Peterborough Local Minerals & Waste Plan.

The Further Draft Cambridgeshire and Peterborough Minerals and Waste Plan dated
March 2019 underwent consultation from March to May 2019. It is anticipated that
the Proposed Submission Local Plan will be published during November or December
2019. CPRE believes that this application must be considered in the context of the
emerging Cambridgeshire and Peterborough Minerals and Waste Plan.

It is significant that in the introductory notes to the emerging Minerals and Waste
Local Plan on the County Council web site, it is stated “No allocations are being
proposed for waste management development over the plan period as the Plan area
has, on the whole, sufficient capacity to manage the forecast waste arising.
Therefore it is proposed that any new waste management development will be
guided through a criteria based policy.”

Furthermore, in the March Draft we can find no reference to a need for a major
waste incineration facility.

Core Policy 1 states:

“Proposals should, to a degree proportionate with the scale and nature of the
scheme, set out how this will be achieved, such as:
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a. demonstrating how the location, design, site operation and transportation
related to the development will help to reduce greenhouse gas emissions (including
through the adoption of emission reduction measures based on the principles of the
energy hierarchy); and take into account any significant impacts on human health
and air quality;”

This application does not appear to be consistent at all with that Policy statement.

It could be argued that the application is consistent with the next paragraph:

“b. where relevant, setting out how the proposal will make use of renewable
energy including opportunities for generating energy from waste for use beyond the
boundaries of the site itself, and the use of decentralised and renewable or low
carbon energy;”

Except that the report submitted by CBWIN referred to above demonstrates clearly
that this proposal cannot be considered in any way to be providing either renewable
or low carbon energy.

Appendix 2: The Location and Design of Waste Management Facilities states very
clearly the issues likely to arise from Energy from Waste facilities.

“3.33. Air quality issues may arise from on and off site dust, this may come from
different sources for example, traffic, and from the on site operations of the
facility. Emissions from most Energy from Waste facilities will be monitored and
regulated by the Environment Agency through their environmental permitting
regime. Particulate concentrations are particularly high in parts of Cambridgeshire
and Peterborough, and the contribution of any waste management could be
relevant to attainment of local air quality objectives.”

“4.20. Common Issues: Traffic / Access, Air / Dust, Odour, Noise, Litter, Pests /
Vermin /Birds, Water Resources, Landscape and Visual Impact.”

These are all issues which the community and CPRE are concerned about and it is
encouraging that the Council has recognised these issues in setting out its standards
for waste management facilities. We fully support the Council in not wanting to
lower its standards for this applicant.

Core Policy 3 states:
“The Waste Planning Authorities will seek to achieve net self-sufficiency in relation
to the management of wastes arising from within the plan area, plus additional
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provision until 2026 in order to accommodate needs arising from London
(specifically regarding non-apportioned household and commercial & industrial
waste).”

We have already shown that the applicant intends to accept waste for incineration
from many authorities in order to make its project financially viable. This will
clearly put the achievement of Policy 3 at risk and it is not consistent with
government guidance which is intended to reduce waste movements and not
encourage waste swapping over long distances in order to achieve ‘net’ self-
sufficiency.

6. Modern Developments of Waste Processing Technology

In previous correspondence we highlighted that new processes for sorting and re-
processing waste or replacing/reusing the materials which would be incinerated are
continually being successfully researched and developed.

We highlighted a process which had recently been developed that will make black
plastic food-packaging waste identifiable and hence increasingly recyclable using
existing waste sorting machinery. (Materials World - April 2019).

We are now aware of further processes which are increasing the recyclability and
re-use of plastic wastes. These include:

e Chemical markers which improve packaging waste sorting. Chemical markers
have been proven to quickly and accurately segregate food-grade plastics for
recycling. (Materials World - August 2019 copy attached)

e The Trifol process which turns plastic waste into waxes. Reclaimed polyolefin
soft plastics are being turned into waxes as a substitute for materials that
would otherwise be crude oil-derived. (Materials World - September 2019
copy attached)

e Use of mixed plastic waste for the manufacture of railway sleepers.
Feasibility demonstrated by TRL Limited (Report attached). Manufacturing
and use now established in the UK. (Articles attached).

As stated in our letter, CPRE regard it as unsustainable to burn materials that are
already, or are in the future likely to become, recyclable. Temporary storage in
managed landfill until technological development makes recycling feasible and
affordable is a more sustainable approach.
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Cambridge, Anglia Ruskin and Cranfield universities are heavily involved in materials
research and sustainability research. Local communities, including Waterbeach
itself, are populated with highly able, highly motivated and qualified, research and
development people.

We would challenge this applicant not to use out of date technology to waste
valuable materials by burning but rather to expand their existing education facilities
into a Waste Management Science Park where new technologies and techniques can
be researched, developed, piloted and scaled up to production capacities, all on the
one site.

This could be a world class facility that everyone would applaud Amey for, rather
than being the modern equivalent of a coal-burning tramp ship of the Fens.

Conclusion
CPRE continues to support all of the reasons given by Cambridgeshire County Council
for its refusal of this application.

Thank you for the opportunity to address the Inquiry today.

List of Attachments:

Extract - Materials World - April 2019

Extract - Materials World - August 2019

Extract -Materials World - September 2019

Sicut Composite Sleepers - Web Pages - Sicut Enterprises Ltd 2019

Network Rail to replace wooden sleepers with recycled plastic - Daily Telegraph -
May 2009

The Feasibility of Recycled Plastic Railway Sleepers - TRL Ltd - April 2006
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NEWS

Black plastic

made recyclable

An Irish packaging company is launching new black
plastic food trays that can be identified in recycling
sorting systems. Shardell Joseph reports.

New technological advances in black plastic food trays
are predicted to divert thousands of tonnes of black
plastic from landfill each year. Developed by Irish
company Quinns Packaging, the new trays are tackling
the issue of black plastics’ invisibility to detection by
changing the pigment.

Popular among food manufacturers, standard black
polyethylene terephthalate (PET) trays use a carbon
black colour additive. Material recovery facilities
use near infrared (NIR) optical sorting equipment to
identify and sort plastic waste streams, but the carbon
black trays absorb the infrared beams, making them
invisible. As the sorting system cannot detect the black
plastic, it cannot be automatically sent for recycling.

‘Carbon black pigment hinders this polymer
detection by absorbing the light. Nothing is reflected
to the detectors so the equipment effectively doesn't
see anything. The trays are essentially invisible,' said
Quinn Packaging New Product Development Manager,
Thomas McCaffrey.

‘In the case of the Detecta range, there is no carbon
black pigment included. Instead the black colour is
achieved by blending primary and secondary colour
pigments together to achieve black. By using this
solution the NIR light both passes through and reflects
off the tray surface resulting in the packaging being
fully visible to sorting systems.’

Each year in the UK, 3.5 million tonnes of plastic
goes to landfill because black and other dark colours of
packaging cannot be detected by recycling sorters. One
million tonnes of that is plastic packaging - 5% of all
packaging made annually.

Ecosurety, a packaging compliance scheme,
suggested plastics as a material stream faces huge
pressure to reach the 51% recycling rate - describing
the plastics performance as a ‘cause for concern.’

Focused on improving the market with an easily
recyclable, competitively priced black PET tray,
McCaffrey, said, ‘In the past 12 months we have seen
a growing desire within the food sector to move away
from black coloured packaging. For Quinn Packaging,
this was shortsighted.

‘If we are serious about moving towards a true
circular economy, where food trays are recycled back
into food trays, then the ultimate packaging colour
to achieve this is black. The new range overcomes the
issue of identifying and sorting black PET trays for
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recycling and will hopefully help the industry to move
towards a true circular economy.’

Operating the packaging and compliance scheme
for Ireland under licence from the Irish government,
Repak has endorsed the Quinn product by declaring it
as an important step in helping meet new EU targets
on plastic waste.

Repak Packaging Technology Executive, Brian
Walsh, said the EU Action Plan for a Circular Economy
has a recycling target of 75% for packaging waste
by 2030. 'To allow us to achieve this we need a
collaborative effort from all stakeholders, identify
where problems exist and then work together to bring
forward solutions,' he said.

'The new Detecta by Quinn is a perfect example of
this. Quinn Packaging has worked closely with both
the retail and the waste recycling sector to develop a
new black PET tray that can be recycled. This is a great
illustration of packaging design for recycling.’

Below: The new Detecta
black PET food tray.
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* CHEMICAL MARKERS IMPROVE PACKAGING
WASTE SORTING

Ceri Jones
Materials World magazine, 6 Aug 2019
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Credit: Vitaliy Kyrychuk/Shutterstock

Chemical markers have been proven to quickly and accurately segregate food-grade plastics for
recycling. Ceri Jones finds out more.

A polymer consortium has successfully demonstrated its European Commission-funded technology, Polymark, to
improve recycling and reclaim more food-safe waste plastics.

‘A staggering 32% of plastic packaging escapes collection systems, generating significant economic costs. After a
short first-use cycle, 95% of plastic packaging material value, or US$80-120bIn annually, is lost to the economy,’
according to 2016 Ellen MacArthur Foundation report, The new plastics economy, rethinking the future of plastics.

This mountain of material waste is exacerbated by an EU regulation (EC/282/2008), which states that recycled
packaging for food and drink products can only be manufactured from materials originally certified as food safe.
Current processes do not help stakeholders in the materials value chain, as it is very difficult and time consuming
to reclaim specific plastics from bales of mixed recycling. Therefore, an abundance of useful material resource is
lost, and manufacturers use more virgin plastics, so are at the mercy of changeable prices of oil-based raw
materials and carbon fees.

The Polymark chemical marker project gained attention in the MacArthur report and has progressed in the three
years since. The programme proposes to impregnate polyethylene terephthalate (PET) food-grade plastics with a
chemical that can be detected during waste sorting, to help segregate and salvage greater amounts of food
contact materials. While PET is already widely recyclable, using markers would reduce the levels of virgin material
used in food and drink products. Having run initial tests, the company claims this process has a 98% efficiency
rate.

Bottle buy-in

While a seemingly simple system, Polymark would require cross-industry coordination to work effectively. The
group has developed a two-part technology where the manufacturer uses a machine to coat or physically imprint
the packaging or label, depending on the product type. Then a recycling facility uses a camera detection system
to identify the marker at the end of its first life.

A range of chemicals were assessed to find a marker that met the criteria of being food safe, visible under UV

even after being filled, distributed and bashed about, stable under heat and light, and water soluble. Of the 130
candidates, two top performers were found and one gained preference, 4,4’-bis(2benzoxazolyl)stilbene, called
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stilbene. This proved ideal for both compounding and coating techniques, and is detectable with inexpensive UV
and visible (VIS) equipment.

In the second stage, the detection machine beams high-energy LED lights onto plastic packaging which excites
the marker, causing it to emit fluorescent signals. UV light, VIS, or near-infrared can be used. A series of cameras
with spatial resolution of 10mm ran up to 2,000 scans per second to identify marked PET bottles on a conveyor
belt.

Recognised as safe

To test the equipment in a real-world environment, Polymark made a prototype sorting system to operate at
practical speeds. Trials were run on fully and partially coated PET bottles, sorting on a belt at 3m/s, a working
width of 1m and a throughput of two tonnes per hour. It averaged a 98% efficiency for fully coated bottles and a
low of 94% when they were only partly coated. Overall, the system had just 5% false rejects.

The stilbene marker coating has received gained food-contact certification, is thermally stable, and does not affect
the packaging appearance or product flavour. Importantly, it can be removed in the normal washing process, so
would not accumulate or interfere with further processing. The process is now market-ready.

Polymark was contacted for comment on how the technology would be rolled out, but was unable to respond in
time. Please check the Materials World website for updates on this story.
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* TRIFOL TURNS PLASTIC WASTE INTO WAXES

Anthony Caggiano
Materials World magazine, 27 Sep 2019

Plastics destined for the waste heap are being turned into new products that can be used as a drop-in
material.

Reclaimed polyolefin soft plastics are being turned into waxes as a substitute for materials that would otherwise
be crude oil-derived.

Material processing company, Trifol, Portaloise, Ireland, uses soft film products, for example plastic bags,
wrapping and packaging to process into the waxes. ‘Currently the majority of waste plastic is sent to landfill or
incinerated. Polyolefin soft plastics, the company’s targeted waste plastics stream, are the most notoriously
difficult plastics to recycle,” Trifol said.

Material recovery

According to Plastics Europe 2018, of the 27 million tonnes (Mt) of consumer waste plastic collected in the EU in
2016, only 31% was recycled, while 42% was incinerated and 27% went to landfill, resulting in 18.7Mt of plastic
waste released into the environment in one year alone. Trifol is able to use some of that product that may go to
landfill. For every tonne of material produced, Trifol takes 1.5 tonnes (t) of plastic waste from landfill.

Trifol Chief Technologist, Fergal Coleman, told Materials World the films are recovered by a waste management
operator in a materials recovery facility where they are picked, shredded and washed.

The company processes film that comes in as a flake with less than 5% moisture content. ‘Typically, the plastic in
this stream is more than 95% low density polyethylene. Whilst rigid polyolefin plastics, for example plastic milk
bottles, are also suitable for conversion to waxes, we do not target this stream as it has higher value,” Coleman
said.

Pyrolysis

A patented pyrolysis process is used to treat the polyolefins. ‘When heated to more than 400°C, the molecular
bonds in polyolefin plastics begin to break, releasing shorter chain molecules which evaporate from the pyrolysis
reactor as they are formed,” Coleman said. ‘Using distillation, these products are then separated downstream
according to boiling point, into a number of products including naphtha, a gasoline-like fraction, gas oil, similar to
diesel and kerosene, and wax.This wax is a drop-in replacement for crude oil-derived slack wax in several
applications. Use as a feedstock for synthetic lubricant production is one of the biggest potential applications, by
volume. Conversion to a synthetic lubricant base oil involves a catalytic dewaxing process and would be carried
out in partnership with a lubricants partner.’

The material is sold to wax blenders where it can be formulated into various slack wax products or refined for
higher applications. Trifol stated that the new development is chemically identical to virgin wax and can be used in
any application, from printer ink to waxed fruit.
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The company claims their process has zero emissions and contributes about a 30% reduction in greenhouse
gases.

Commercialisation

The company has been able to scale up their operations from the laboratory to a commercial factory. At the
launch of the new factory in July 2019, Ireland Minister for Justice and Equality, Charlie Flanagan, said plastic
waste was a topical and emotive issue. Flanagan said he was delighted an Irish company was taking a lead in
reclaiming such materials and turning them into a commercial opportunity.

‘The company has chosen Portlaoise as a central location to convert plastic waste into waxes. Most significantly
Portlaoise will be a reference site to showcase this Irish technology, with a view to exporting it,” he said.

The company’s production capacity is currently at 10t per day and it hopes to scale this to 30t per day in 2020.
They aim to be operating 24/7 by the end of this year. The company has ambitions to open several sites across
Ireland and further into Europe and the USA.

Four patents for the technology were published by the European Patent Office in December 2018, while others
were filed in the USA. The team has worked with Queens University Belfast since the company’s inception in
2014. At the university, a pilot plant was built and then operated through to 2016 to develop a proof of concept.
The University of Limerick has since become involved for product testing.
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Railway Sleepers

Sicut Composite Sleepers are manufactured from a unique
blend of recycled plastics, reinforced with glass fibre. They
deliver outstanding performance over a very long service life:
maintenance free. The technology, originally developed in the
US from the early 1990's, has been progressively improved and
perfected at commercial scale. Sicut's technologies have been
extensively tested and proven, in both the laboratory and
track, in the US and Europe, enduring some of the most
demanding testing ever undertaken on a railway sleeper, of
any material.

Sicut Composite Sleepers have been installed in heavy haul,
passenger mainline, metro and light rail applications and under
extremely wide ranging environmental conditions, from the
dessert in the Middle East, to high humidity areas in SE Asia, to
the very coldest areas of North America, as well as across
Europe. Extensive independent test data and a plethora of
reference projects are available to demonstrate performance.
Sicut Composite Sleepers also benefit from a growing number
of type approvals and certifications.
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Sicut Composite Sleepers are also easy to handle, using
existing equipment and training, and can be installed by small
track teams in short periods; helping to keep the rail traffic
moving. Equally they can be installed using high output
machinery capable of installing timber sleepers. Sicut
Composite Sleepers can be fitted with a wide range of
baseplate and clipping systems designed for timber sleepers,
included but not limited to, K type, SKL, Nabla, e-clip and fast
clip.

Proven Applications: EXAMPLE PROJECTS (/projects)
= Plain Line

= Heavy Freight

= Tunnels

= Tram, Metro & Subway

= Slab Track

To Request Sicut Sleeper Specification, Click here
(http://www.sicut.co.uk/contact/).

With proven performance, highest quality and consistency and true sustainability, Sicut Composite
Sleepers offer the best value for track asset managers
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@ +44(0) 2081236685
Any queries? Call us.
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Network Rail to replace wooden sleepers with recycled plastic

Network Rail is to start replacing traditional wooden sleepers with blocks made from
robust recycled plastic following successful track trials.

7:41PM BST 04 May 2009

The track operators have already identified three freight lines and work is scheduled to start in

August on the switchover.

Network Rail currently replaces 200,000 timber sleepers a year along with environmentally

inefficient concrete versions.

The track programme will see the new eco-rated dark grey sleepers, made from a revolutionary

recycled composite, being fitted to the track bed to hold the rails.

Halifax-based manufacturing company i-plas developed the futuristic material, which will help

reduce maintenance delays, assist sustainability targets and increase environmental benefits.

Following trials conducted on a stretch of private track by researchers at the University of

Manchester, the roll-out of the recycled sleeper will extend across the entire rail network.

The new-age track supports are made from 100 per cent recycled heavy duty plastic and have a
minimum 30-year life cycle. They are vandal-proof and flame-retardant - and they do not twist

or warp, become porous or degrade.

The sleepers are made using a unique blend of waste that otherwise would have been heading for
landfill and its developers claim a minimum of 80,000 tonnes of plastic a year will be diverted
from rubbish tips to be used on the track upgrade programme. They are also 100% recyclable at
the end of their working life.

The new eco-sleepers will reinforce the green credentials of travelling by rail, which is already

more environmentally friendly than journeys by car or plane.

A normal suburban train uses, per passenger, about 45-130 grams of CO2 per kilometre,
compared to about 330-460 grams CO2 per kilometre for air travel and about 145-260 grams
CO2 per kilometre for cars.

A spokesman for Network Rail said the company is aiming to hit a target of using 23 per cent
recycled material by 2012.
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Every tonne of plastic material diverted away from landfill and into recycling reduces
greenhouse gas emissions by 1.66 tonnes. In comparison, producing one tonne of concrete

generates almost a tonne of CO2 emissions.

Howard Waghorn, Managing Director of i-plas, said: "Our recycled building material is so
adaptable and can be used to replace preformed concrete products, steel or timber for specific
applications; in this instance it will replace wooden railway sleepers. "This is a huge British
innovation and one that we are truly proud of. Network Rail is certainly visionary to grasp this

new concept and drive it forward."

Fellow director Keith Hutchison said work had already started on developing the i-plas material

to be used as kerbstones to replace the current concrete versions.

© Copyright of Telegraph Media Group Limited 2019
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Executive summary
TRL Report PPR 094: Thefeasibility of recycled plastic railway sleepers

Project Reference:  Proving the feasibility of railway sleepers manufactured from recycled plastic
waste

Client: Mr G Morris, Wales Environment Trust
Project Manager: Mr R W Jordan, TRL Limited

Scope of the project

Railway dleepers manufactured from softwood, hardwood, concrete and stedl are used widely
throughout rail networksin the UK. In 2003, The Creosote (Prohibition on Use and Marketing)(No.

2) Regulations 2003 came into force which prevents the use and re-use of creosoted sleepers other

than for industrial and professional applications. This legislation prompted a feasibility study to
determine if deepers manufactured from recycled plastic waste are a viable alternative to creosoted
softwood seepers and, possibly, sleepers of other types. This report describes this study in which tests
were carried out to identify suitable formulations and geometries for recycled plastic deepers. Further
tests to determine the conductivity and weathering of the recycled plastic are described in an
addendum.

Recycled plastic deepers have been used for a number of years as an aternative to creosoted deepers
in the USA, with manufacturers claiming that they are environmentally friendly, and last longer and
resist humidity better than wooden deepers.

Summary

The performance of recycled plastic specimens was assessed by comparing their performance with
that of wooden Sleepersin a series of static bending tests and creep bending tests that were based on
those specified for concrete sleepers for therail seat area. In addition, pull-out tests were conducted
on the screw spikes of the type used to secure base plates to wooden sleepers.

Satic bending tests on specimens without base plates

Two softwood , two hardwood and eleven recycled plastic specimens of different formulation and of
depth about 125mm, were tested to determine their load capacity and stiffness. The wooden
specimens that failed, failed because of the formation of several cracks before alarge crack was
formed and the load capacity of the specimen suddenly decreased. The recycled plastic specimens
failed suddenly under loading when a single crack formed near mid span.

A specimen with HDPE and wood dust was similar in stiffness to specimens manufactured from
HDPE and PET, but about 30% stronger. Four rectangular specimens of depth about 155mm that
were manufactured from HDPE and wood dust were about three times stiffer than the specimen of
depth about 125mm that was manufactured from the same material, and were, on average, 32%
stronger. They were, on average, 45% stronger than the two softwood specimens, and 25% stronger
than one of the hardwood specimens. Further tests were carried out on specimens of two different
geometries of depth greater than 155mm. Specimens of the preferred non-rectangular geometry were
stiffer and 89% stronger than the two softwood specimens and 62% stronger than one of the hardwood
specimens.

Satic bending tests on specimens with base plates

Three softwood, three hardwood and seven recycled plastic specimens were tested with base plates
attached by three screw spikes. The wooden specimens that failed, failed because of the formation of
several cracks before alarge crack was formed and the load capacity of the specimen suddenly
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decreased. Astherecycled plastic specimens deformed under load, the centre of the base plates lost
contact with the plastic so they became supported only at its ends. The base plates then fractured
when the tensile stress induced in the castings exceeded their ultimate strength.

Two rectangular specimens of depth 155mm that were manufactured from HDPE and wood dust failed
at aload that was, on average, 21% greater than the maximum load sustained by the three softwood
specimens but they were only one third of the stiffness of the softwood specimens. Two specimens of
the preferred non-rectangular geometry were loaded to 361 and 332kN, respectively, but they were not
loaded to failure because the displacement was high and further deformation would have resulted in
failure of the base plates that were required for the creep tests. Their stiffnesseswere 71% and 54%
respectively of the stiffness of the softwood specimens.

The above suggests that the composite action between the base plate and the material of the degper
was less for the recycled plastic specimens than for the wooden specimens. It is possible that the load
on the screw spikes under bending caused the plastic specimens to deform more around the screw
spikes in the recycled plastic specimens than in the wooden specimens.

Creep bending tests on recycled plastic specimens with base plates

Two recycled plastic specimens with base plates were subjected to a number of load cyclesin which
the load was increased rapidly to 50kN, 100kN, 150kN or 200kN, held at that level for about six
hours, unloaded rapidly and left unloaded for about 18 hours. Insignificant cumulative damage was
evident at loads up to 150kN. The permanent deformation was less than 1.0mm after sustained
loading at 100kN, less than 1.4mm after sustained loading at 150kN and less than 2.5mm after
sustained loading at 200kN. The permanent deformation increased with each load application, but the
total permanent deformation was fairly low, bearing in mind that the maximum load of 200kN was
78% of the average failure load of softwood sleepers with base plates.

Pull-out tests on screw spikes

Pull-out tests were carried out on the screw spikes that secured the base plates to the wooden and
recycled plastic sleepers. For most of the tests on the wooden deepers, the base plates were removed
and the screw spikes were screwed back in position for testing. In most tests, the force was increased
steadily to the maximum value. The screw spike was either pulled out of the specimen or, in tests on
some recycled plastic specimens, began to unscrew. In afew tests on recycled plastic specimens, the
force was increased steadily to 40kN or 45kN and then maintained at that level for up to three minutes.
If the screw spike did not move under this force, the force was increased steadily to determine the
maximum value. The pull-out forces were higher for recycled plastic specimens manufactured from
HDPE and wood dust than for the softwood sleepers. Those measured on the recycled plastic
specimens compared favourably with the requirements for cast-in fastenings of concrete sleepers.

Conclusions

Thisfeasibility study has identified aformulation and geometry for arecycled plastic deeper that
should form the basis for further development as a replacement for softwood deepers. The composite
action between the material and the cast iron base plate should be increased by using a stiffer HDPE
or, if thisis not possible, by the addition of reinforcement to increase the stiffness of the section and
the hardness of the material around the screw spikes. Further tests should be carried out to determine
the permanent deformation due to the lateral forces imparted by wheel loads and the effect this would
have on the track gauge, and to determine the effects of ultraviolet radiation, ageing, leaching, gassing
and fud ails, in addition to tests of the type currently specified for deepers of other types. Furthermore,
profiling the underside of the deepersto provide the interaction with the ballast required for the lateral
stability of the track, must also be considered.

After these further tests, it is proposed that field trails are carried out on a heritage railway or another
site where the recycled plastic sleepers would be subject to low volumes of traffic. Specific
applications should aso be investigated, including those where noise is afactor, and where ducts
could be installed at the centre of the section to enable circuits and system cables to cross atrack.
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Abstract

Legidlation introduced in the UK in 2003, which prevented the use and re-use of creosoted sleepers
other than for industrial and professiona applications, prompted afeasibility study to determine if
sleepers manufactured from recycled plastic waste are a viable alternative to creosoted softwood
slegpers and, possibly, sleepers of other types. This report describes the study in which recycled
plastic specimens were assessed by comparing their performance with that of wooden sleepersin a
series of static bending tests and creep bending tests that were based on those specified for concrete
sleepersfor therail seat area. In addition, pull-out tests were conducted on the screw spikes of the
type used to secure base plates to wooden deegpers. Specimens without base plates of the preferred
non-rectangular geometry that were manufactured from HDPE and wood dust were stiffer and 89%
stronger than softwood specimens. Specimens with base plates of the same geometry and formulation
were, on average, 62% of the stiffness of softwood specimens with base plates, but they were stronger.
It was concluded that the composite action between the base plate and the material of the sleeper was
less for the recycled plastic specimens than for the wooden specimens. The total permanent
deformation induced in the creep tests was considered to be low for the load applied. The pull-out
forces measured on the screw spikes were higher for the recycled plastic specimens manufactured
from HDPE and wood dust than for softwood sleepers. The study identified aformulation and
geometry for arecycled plastic deeper that should form the basis for further development asa
replacement for softwood sleepers. The composite action between the material and the cast iron base
plate should be increased by using a stiffer HDPE or, if thisis not possible, by the addition of
reinforcement to increase the stiffness of the section and the hardness of the material around the screw
spikes. Further teststo determine the permanent deformation due to the lateral forces imparted by
wheel loads and environmental effects are recommended.
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1 Introduction

Railway dleepers manufactured from softwood, hardwood, concrete and stedl are used widely
throughout rail networksin the UK. Softwood sleepers are normally treated with creosote to extend
their service life. However, increased concerns about the carcinogenic potential of creosote through
contact with the skin led to the adoption of Directive 2001/90/EC by the European Council on 26
October 2001 for implementation by all Member States of the European Union. As aresult, The
Creosote (Prohibition on Use and Marketing)(No. 2) Regulations 2003 came into force in the UK on
30 June 2003 which prevented the use and re-use of creosoted deepers other than for industrial and
professional applications. Thislegidation prompted afeasibility study to determine if deepers
manufactured from recycled plastic waste are a viable aternative to creosoted softwood sleepers and,
possibly, sleepers of other types. This report describes this study in which tests were carried out to
identify suitable formulations and geometries for recycled plastic deepers. Their performance was
compared with that of softwood and hardwood sleepers. Further tests were carried out to determine
specific materia properties of the recycled plastic, e.g. conductivity, weathering, which are described
in an addendum.

There are almost one billion wooden deepersin the USA, and about 15 million deepers of thistype
are replaced each year. Recycled plastic dleepers have been used for a number of years asan
aternative to creosoted sleepers, with manufacturers claiming that they are environmentally friendly,
last longer and resist humidity better than wooden deepers. In 2004, plastic deepers had lessthan 1
percent of the market in the USA, but this shareislikely to increase in years to come (Machalaba,
2004).

The authors are not aware of sleepers developed in the USA that have been used by Network Rail. For
thisto be possible, the slegpers and rail fastenings must satisfy performance requirements and these
requirements have not yet been established for recycled plastic sleepers. However, in 2003, the
American Railway Engineering and Maintenance-of-Way Association Manual for Railway
Engineering (AREMA, 2003) published engineering standards. These concern the flexural strength,
stiffness and creep (i.e. the effect of the viscod astic behaviour on the track gauge), the lateral track
stability (i.e. lateral push-out resistance), the screw spike pull-out force, and the coefficient of thermal
expansion (Lampo, Sullivan and Nosker, 2003).

2 Sleeper details

Standard wooden sleepers used by Network Rail are about 250mm wide x 130mm deep x 2.6m long.
Softwood sleepers weigh about 50kg and hardwood sleepers weigh about 100kg. The service life of
softwood sleepers used by Network Rail is generally aminimum of 25 years. Standard concrete
sleepers are usually 200/285mm wide, 210mm deep and 2.5m long, and they weigh about 300kg.
Recycled plastic deepers should weigh from 90 to 140kg, dependent on their geometry.

Softwood sleepers cost around £14, and the base plates used by Network Rail givingalin 20 toe-into
therails, cost about £30. Non-Forest Stewardship Council hardwood deepers cost about £25 and
Forest Stewardship Council hardwood sleepers cost about £32. Therefore, the costs of softwood and
hardwood sleepers with base plates and fastenings are about £44 and at |east £55 respectively.

Of the 34,000 km of track owned by Network Rail, approximately 25% has wooden sleepers. Since
the deeper spacing is about 0.7m, the potential market is 12 million slegpers.

When sdlecting sleepers for a particular application, the following need to be taken into account:
0 route specification;
0 grosstraffic tonnage;
0 performance; and
0 materia and installation costs.
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Fastenings are now pre-assembled on deepers off site. The laying of concrete and steel sleepers and
the final positioning of the fastenings is being automated. An advantage of steel sleepersisthat they
are easily stackable and form a stable |oad for transportation to site. Transportation costs have a
significant effect on whole life cost. One for one replacement is easier with wooden sleepers because
they are not profiled.

In 2003, the consumption of impregnated and non impregnated railway and tramway sleepersin the
UK was 3.68 and 1.85 million units respectively (HM SO, 2003).

3 Test programme

There are no Standards or Specifications for recycled plastic sleepersin the UK. However, there are
Standards and Specifications for wooden, concrete and steel deepers which are described in Appendix
A. To enable the performance of recycled plastic and wooden s eepers to be compared, a series of
static bending tests and creep bending tests were carried out that were based on those specified for
concrete deepers. The tests were carried on specimens with and without base plates of the type used
with wooden deepers. In addition, pull-out tests were conducted on the screw spikes that secured the
base plates to the sleepers. All of the tests were carried out at ambient temperature, i.e. from 20 to
24°C.

Two softwood and two hardwood sleepers with cast iron base plates, each secured by three screw
spikes, were provided by National Railway Supplies. It was possible to produce three specimens from
each of these standard 2600mm long wooden sleepers; two with base plates and one without.

Therecycled plastic slegper specimens and 2600mm long recycled plastic deepers were provided by
the Wales Environment Trust. It was possible to produce four specimens from each full size sleeper,
two for tests with base plates attached, and two for tests without base plates.

3.1 Static bendingtests

The test specimens were supported on rubber pads on bearings and loaded at mid span via a bearing
and rubber pad, as shown in Figure A.1 and Figure 1. The span length was 400mm for the specimens
without base plates and 600mm for those with base plates. The load was applied at a rate of
approximately 10kN/min. The displacement of each test section was measured at mid span and at the
supports so the stiffness of the specimens at mid span could be determined.

When a sleeper isinstalled in atrack bed, the ballast is consolidated (usually by tamping) under the
rail seat areato support the transfer of load to the ground. Thus, in service, asimple beam is formed
with the sleeper supported by ‘columns' of consolidated ballast. The remaining ballast in the track is
infill only and does not form part of the supporting structure. The objective of these testsisto
determine whether the slegper can withstand the bending moments induced by the beam effect of the
ballast support.

Because the wooden sleeper specimens were not uniform in section and were dightly twisted, they
were bedded down on alayer of resin so they were level and could be supported uniformly. Similarly,
resin was used at the loading point so the load could be applied uniformly to the top of the specimens.
Theresin was retained in polythene bags to prevent it contaminating the test specimens and the test
rg.

Because the top surface of abase plateis angled in order to toe-in the rail, atapered wedge was placed
between the top of the base plate and loading platen so the load was applied vertically, as specified in
BS EN 13230-2.
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Figurel Test setup for hardwood specimen WS2

3.1.1 Wooden sleeper specimenswithout base plates

Table 1 shows the results from the static bending tests on the central sections of the two softwood and
two hardwood slegpers. Theinitia stiffnesses were calculated from the difference in the displacement
at mid span and at the supports as the applied load was increased from zero to 100kN. The load-
displacement curves are shown in Figure 2.

Specimens WSL1 and WS2 were taken from sleepers supplied at the start of the project whereas
specimens WS7 and WS8 were taken from others supplied about two yearslater. The results are not
directly comparable because there were small differences in the width and depth of the test sections.

The specimens that failed, failed because of the formation of several cracksin the wood before alarge
crack was formed and the load capacity of the specimen suddenly decreased. The cracks propagated
fromirregularities in the wood, such as shrinkage cracks and knots. The positions of the brackets
mounted on the wooden sleepers in order to measure the mid span displacements were changed by the
cracking of the sleepers, so some of the displacements at high loads are not representative of the true
mid span displacements.

Softwood specimen WS7 was dightly stiffer than softwood specimen WSL, but they were similar in
strength. Hardwood specimen WS8 was far stiffer and stronger than hardwood specimen WS2. The
test on WS8 was stopped when the load reach 500kN in order to prevent damage to the
instrumentation.
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Load (kN)

150 -
100 -
50

WS1: SOFTWOOD

— WS7: SOFTWOOD

10

15

Displacement (mm)
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WS8: HARDWOOD

Figure2 Wooden deeper specimenswithout base plates: for ce-displacement curves

Table1l Resultsfrom bending tests on wooden sleeper specimenswithout base plates

M ean M ean . .

: : Maximum Initial

. Span section section .
Specimen (mm) width depth load stiffness
(KN) (KN/mm)
(mm) (mm)

WS1: SOFTWOOD 400 251 126 216 87.4

WS7: SOFTWOOD 400 258 128 223 111.3

WS2: HARDWOOD 400 237 125 255 145.5

WS8: HARDWOOD 400 258 134 >501 2175

3.1.2 Recycled plastic specimens of depth < 125mm without base plates

Static bending tests were carried out on eleven recycled plastic specimens of length approximately
500mm and cross section similar to that of the wooden sleepers. Two of the specimens were
manufactured from HDPE and one from LDPE. Seven specimens were manufactured from a blend of
PET/HDPE and another from a blend of HDPE and wood dust. The details of the specimens and the
test results are given in Table 2 and the load-displacement curves are shown in Figure 3. The
percentages of each congtituent of specimens P1 to P11 are weights.
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Table2 Resultsfrom bending tests on recycled plastic specimens of depth < 125mm without
base plates
Mean M ean . .
Specimen Span section section Ma:X|mum I_n|t|al
. 3 : oad stiffness
(Density kg/m®) (mm) width depth (kN) (kN/mm)
(mm) (mm)
P1: 100% HDPE 400 248 121 150 11.1
(941)
P2: 50% PET, 50% HDPE 400 252 123 108 9.8
(1055)
P3: 25% PET. 75% HDPE 400 248 123 182 13.0
(895)
P4: 100% LDPE 400 235 120 9% (5.1
(966)
PS: 100% HDPE 400 245 123 80 (6.6)
(919)
P6: 50% PET, 50% HDPE 400 245 125 61 (5.6)
(1039)
P7: 25% PET. 75% HDPE 400 244 123 187 15.4
(905)
P10: 25% PET, 75% HDPE 400 241 123 189 15.6
(946)
P11: 33% PET, 67% HDPE 400 241 124 186 14.3
(926)
P12: HDPE and wood dust 400 241 121 241 15.4
(886)

! Valuesin parenthesis were calcul ated from the change in displacement as the applied load was
increased from zero to the maximum load when the maximum load was <100kN

All of the specimens failed suddenly under loading when a single crack formed near mid span. Figure
4 shows atypical failure with relatively little change in the orientation of the crack as it propagated
through the specimen. Figure 5 shows a significant change in the direction the crack propagated.
Figure 6 shows the failure surfaces of specimen P11. There were voids at the centre of the section that
were formed when the specimen cooled after manufacture. The voiding wastypical of that of the
other specimens, and is common on sections of this size.

Specimens P3, P7 and P10 with 25% PET and 75% HDPE, and specimen P11 with 33% PET and 67%
HDPE failed at asimilar load, about 185kN, and were of similar stiffness.

The specimens with 50% PET and 50% HDPE, P2 and P6, had very different strengths, and the same
was the case for the specimens with 100% HDPE, P1 and P5. However, these differences and the low
strengths could be associated with manufacturing defects. P1 and P5 failed at a surface defect between
‘folds’ of plastic. It is possible that the mixing or casting temperature was too low for good cohesion.
Similarly, it is possible that P2 and P6 were not mixed at a sufficiently high temperature for the HDPE
to bond to the PET. Theinitial stiffness of specimens P5 and P6, and specimen P4 with 100% LDPE
was lower than that of the other specimens..

Specimen P12 with HDPE and wood dust was similar in gtiffness to specimens P3, P7, P10 and P11,
but significantly stronger. For this reason, most later tests were carried on specimens manufactured
from HDPE and wood dust.
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P12: 20% WOOD, 80% HDPE (BY VOLUME)

Figure 3 Recycled plastic specimens of depth < 125mm without base plates: for ce-displacement
curves

Figure4 Recycled plastic specimen P11 (33% PET, 67% HDPE) after test
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Figure5 Recycled plastic specimen P12 (HDPE and wood dust) after test
Figure6 Recycled plastic specimen P11 (33% PET, 67% HDPE) failure surfaces
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3.1.3 Recycled plastic specimens of depth >125mm without base plates
Static bending tests were carried out on another eleven recycled plastic specimens of length

approximately 500mm containing wood dust. Seven of the specimens were rectangular in section and
of depth about 155mm. Four specimens were polygonal in section with wider lower surfaces than
upper surfaces. Onetypeisidentified as Shape 1 and the other as Shape 2. The details of the
specimens and the test results are given in Table 3. The load-displacement curves are shown in Figure

7.

Table 3 Resultsfrom bending tests on recycled plastic specimens of depth > 125mm without

base plates
Mean Mean . -
Specimen Span section section M a:>(()|;gum sll?mglﬁs
(Density kg/m3) (mm) width depth
(mm) (mm) (kN) (KN/mm)
) Deformation
P13 '-DP'%B";:‘S wood dust 400 242 155 38mm at 8.6
203kN
Pl4-H DP'%B%”S wood dust 400 245 155 320 44.7
P15: HDPE and wood dust 400 245 155 332 435
(853)
) Deformation
P16: "DP'%B";:‘S wood dust 400 245 155 42mm at 108
229kN
) Deformation
PL7. LDP'%sagg wood dust 400 242 154 43mm at 9.1
220kN
P20: HDPE and wood dust
(Shape 1) 400 263 182 431 144.1
(833)
P21: HDPE and wood dust
(Shape 2) 400 295 170 405 90.0
(807)
P22: HDPE and wood dust
(Shape 1) 400 260 181 397 142.1
(828)
P23: HDPE and wood dust
(Shape 2) 400 293 170 458 103.5
(858)
P24: HDPE and wood dust
(re-extruded, 730) 400 248 155 311 44.8
P25: HDPE and wood dust 400 248 154 307 477
(735)
TRL Report PPR 094: The feasibility of recycled plastic railway sleepers Page 8
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Load (kN)

O ’ T T T T
0 5 10 15 20 25
Displacement (mm)
— P14.RECTANGULAR  — P15:RECTANGULAR  —— P20: SHAPE 1 P21: SHAPE 2
P22: SHAPE 1 — P23: SHAPE2 — P24: RECTANGULAR P25: RECTANGULAR

Figure 7 Recycled plastic specimens of depth > 125mm without base plates: for ce-displacement
curves

The four rectangular specimens of depth about 155mm that were manufactured from HDPE and wood
dust (specimens P14, P15, P24 and P25), were about three times stiffer than rectangular specimen P12
of depth about 125mm that was manufactured from the same material. They were at least four times
stiffer that the three rectangular specimens manufactured from wood dust and L DPE (specimens P13,
P16 and P17) of depth about 155mm. Specimens P14, P15, P24 and P25 were, on average, 32%
stronger than specimen P12 and 70% stronger than specimens P7, P10 and P11 that were
manufactured from PET and HDPE. They were, on average, 45% stronger than the softwood
specimens WS1 and WS7, and 25% stronger than one of the hardwood specimens, WS2.

The Shape 1 specimens (specimens P20 and P22) were about three times as stiff as specimens P14,
P15, P24 and P25, stiffer than softwood specimens WS1 and WS7 and very similar in stiffness to
hardwood specimen WS2. They were, on average, 30% stronger than specimens P14, P15, P24 and
P25, 89% stronger than the two softwood specimens and 62% stronger than hardwood specimen WS2.

The Shape 2 specimens (specimens P21 and P23) were about twice as stiff as specimens P14, P15,
P24 and P25, similar in gtiffness to softwood specimens WS1 and WS7 and less stiff than hardwood
specimen WS2. They were, on average, 36% stronger than specimens P14, P15, P24 and P25, 97%
stronger than the two softwood specimens and 69% stronger than hardwood specimen WS2.
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3.1.3.1 Effect of specimen cross-section on theinitial stiffness and maximum|oad

The specimen support conditions during the bending tests were similar to those of a simply-supported
beam. The deformation, &, of asimply supported beam of length L under aload W at midspan is
given by the following equation:
_wed
48El

where E isthe elastic modul us of the beam material and | is the second moment of area.

Therefore, the stiffness of specimens of the same length, manufactured from material with the same
elastic modulus and assuming linear behaviour, isinversaly proportiona to their second moment of
area.

The recycled plastic specimens failed when, apparently, the maximum tensile strain (or stress)
exceeded the tensile strength of the specimen material. The maximum tensile stress, o, is given by the
following equation:

M
o= MY

I
where M is the bending moment (the load times the span length divided by 4) and y is the distance of
the extreme fibre in tension from the neutral axis.

Therefore, the maximum load of specimens of the same length, manufactured from material with the
same tensile strength and assuming linear behaviour, is proportional to y/I.

On the basis of these assumptions, Table 4 shows how the stiffness and maximum load of the
specimens listed in Table 2 and Table 3 would have been influenced by the dimensions of the cross
section. Stiffness ratios and maximum load ratios are shown that were calculated by dividing the
parameters for each specimen by the parameters for specimen P14 - the stiffest rectangul ar specimen
tested. Note that most of the specimens were manufactured from different materials. The figuresin
parenthesis are for rectangular sections of the same depth and cross-sectional area as specimens P20 to
P23.

When comparing the stiffnesses, it is apparent that the measured stiffness ratios varied more than was
predicted theoretically. For example, the stiffness of specimen P1 was far lower than predicted, and
the stiffness of specimen P20 was far higher than predicted. These differences appear to be afunction
of the non-linear behaviour of the material. The load range over which the stiffness was measured
covered amore ‘linear’ region of the load-displacement curve for the stiffer specimens, thereby
enhancing the benefits of increasing the second moment of area.

The theoretical and measured maximum load ratios compare reasonably well, although the theoretical
ratios were lower for al of the specimens apart from specimen P12. These differences are not
significant because the maximum loads of specimens P14, P15, P20 to P23 were far greater than the
maximum load of the wooden specimens.

It is apparent that the predicted stiffnesses of the Shape 1 and Shape 2 specimens are lower than those
of their equivalent rectangular specimens, but the predicted maximum loads are higher. The area of
the underside of Shape 1 and Shape 2 sections (i.e. the contact areas with the ballast) was 14% and
8%, respectively, greater than the area for the equivalent rectangular sections.

When stiffness, maximum load and contact pressure are taken into account, Shape 1 is preferred to
Shape 2. When Shape 1 is compared with the equivalent rectangular section, the reduction in stiffness
isminimal but there is a reasonable reduction in contact pressure. However, it is not clear at this stage
whether the reduction in contact pressureis significant. Other factors may need to be considered, such
as the ease of manufacture, handling and laying.
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Table4 The effect of the specimen cross-section on the stiffness and maximum load
Theoretical | Theoretical |Measured| Measured
Second stiffness maximum | stiffness | maximum
: moment of y/l divided by | load divided |divided by|load divided
Specimen | greq | : :
, (10°mm?)| theoretical | by theoretical | measured |by measured
(10°mm?) stiffnessof | maximum [stiffnessof| maximum
P14 load of P14 P14 load of P14
P1 0.366 1.652 0.48 0.62 0.25 0.47
P3 0.385 1.599 0.51 0.63 0.29 0.57
P10 0.374 1.646 0.49 0.62 0.35 0.59
P12 0.356 1.700 0.47 0.60 0.34 0.75
P14 0.760 1.019 1.00 1.00 1.00 1.00
P15 0.760 1.019 1.00 1.00 0.97 1.04
P20 1.282 0.671 1.69 1.52 3.22 1.35
(1.294)' | (0.703) (1.70) (1.45)
P21 1.129 0.709 1.49 1.44 201 1.27
(1.207) (0.704) (1.59) (1.45)
P22 1.265 0.668 1.66 1.53 3.18 1.24
(1.282) (0.706) (1.69) (1.44)
P23 1.127 0.712 1.48 1.43 232 1.43
(1.198) (0.710) (1.58) (1.44)

! Figuresin parenthesis are for arectangular section of the same depth and cross-sectional area.

3.1.4 Wooden sleeper specimens with base plates

Table 5 shows the results from the static bending tests on sections of the two softwood and two
hardwood sleepers with base plates that were attached by three screw spikes. Figure 8 shows a screw
spike. It isapproximately 190mm long, with a screw thread that is approximately 105mm long,
23.3mm outside diameter, 17mm inside diameter (across the base of the threads) and pitch 15mm. The
shank is approximately 55mm long and 24mm in diameter.

The |load-displacement curves are shown in Figure 9. The test setup for specimen W34 is shownin
Figure 10. Specimens WS3 and WS4 were taken from the sleepers supplied at the start of the project
whereas specimens WS9 to WS12 were taken from those supplied about two years later. The results
are not directly comparable because, as stated above for specimens WS7 and WSS, there were small
differences in the width and depth of the test sections.

The specimens that failed, failed in the same way as the wooden specimens without base plates.
Several cracks propagated from irregularitiesin the wood before alarge crack was formed and the
load capacity of the specimen suddenly decreased (see Figure 11). The positions of the brackets
mounted on the wooden sleepers in order to measure the mid span displacements were changed by the
cracking of the sleepers, so some of the displacements at high loads are not representative of the true
mid span displacements.

Softwood specimens WS9 and WS10 were dlightly stronger than softwood specimen WS3, but the
initial stiffnesses of all three specimens were ailmost identical. Hardwood specimens WS11 and WS12
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were far stronger than hardwood specimen WS4. Thetests on WS11 and WS12 were stopped when
the load reached approximately 500kN in order to prevent damage to the instrumentation. The

stronger hardwood specimens were, on average, 21% stiffer than specimen WS4. Hardwood specimen

WS4 was, on average, 40% stiffer than the softwood specimens.

Table5 Resultsfrom bending tests on wooden sleeper specimenswith base plates

M ean M ean . .
. ) M aximum Initial
Specimen f’rﬁ;”) eaion | seaion load stiffness
€ (kN) (kN/mm)
(mm) (mm)
WS3: SOFTWOOQOD 600 249 125 235 78.3
WS9: SOFTWOOD 600 257 129 270 79.8
WS10: SOFTWOOD 600 257 127 267 79.9
WS4: HARDWOOD 600 241 125 325 110.8
WS11: HARDWOOD 600 260 132 >512 130.5
WS12: HARDWOOD 600 257 132 >520 138.8

Figure8 A screw spike from awooden deeper supplied by National Railway Supplies
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Figure9 Wooden deeper specimenswith base plates: for ce-displacement curves

Figure 10 Test setup for hardwood specimen W4
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Figure1l Hardwood specimen WS4 after the static bending test

3.1.5 Recycled plastic specimens with base plates

Static bending tests were carried out on seven recycled plastic specimens of length approximately
700mm with base plates. The base plates was secured by three screw spikes that were screwed into
clearance holes of diameter 24mm for the top 10mm (the diameter of the shank) and diameter 17mm
(the diameter across the base of the threads) for the remaining depth of the specimen. The diameter of
the clearance holes drilled right through one of the softwood specimens was found to be 17mm at the
lower surface. The reason why the top 10mm was greater in diameter is explained in section 3.3.2.
The details of the specimens and the test results are given in Table 6 and the |oad-displacement curves
are shown in Figure 12.

Specimen P8, manufactured with 25% PET and 75% HDPE, was similar in section to the wooden
sleeper specimens but about 84% less stiff. Asthe specimen deformed under load, the centre of the
base plate lost contact with the plastic so it was supported only at its ends. The base plate fractured
when the load was 199kN because the tensile stress induced in the casting exceeded its ultimate
strength. The specimen was unloaded immediately and the plastic itself was found to be undamaged.
The specimen was rel oaded and failed when the load was 165kN. Figure 13 shows the specimen at the
end of the test.

Specimens P18 and P19 were manufactured from HDPE and wood dust and of depth 155mm. Their
base platesfailed at aload that was, on average, 21% greater than the maximum load sustained by
softwood specimens WS3, WS9 and WS10. Specimens P18 and P19 were one third of the stiffness of
the softwood specimens.

The Shape 1 specimens, specimens P26 and P29, were loaded to 361 and 332kN respectively, but they
were not loaded to failure because the displacement was high and further deformation would have
resulted in failure of the base plates that were required for the creep tests. Their stiffnesses were 71%
and 54% respectively of the stiffness of the softwood specimens.
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The base plate of Shape 2 specimen P27 failed when the |load was 318kN. Specimen P28 was |oaded
to 276kN but was not loaded to failure because the base plate was required for creep tests. Specimens
P27 and P28 were 58% of the stiffness of softwood specimens WS3, WS9 and WS10.

Table 6 Resultsfrom bending testson recycled plastic specimenswith base plates

Mean Mean Maximum Initial
Specimen Span section section .
. 3 ) load stiffness
(Density kg/m?) (mm) width depth
(kN) (KN/mm)
(mm) (mm)
. 0, 0,
PB: 25% PET, % HDPE | g9 242 122 199 130
(895)
P18: HDPI%Sang wood dust 600 244 155 331 26.5
P19: HDPI%Q%r;(; wood dust 600 245 155 290 27.0
P26: HDPE and wood dust 400 257 184 >361 56.5
(Shape 1)
P29: HDPE and wood dust 400 260 181 >332 2.6
(Shape 1)
P27: HDPE and wood dust 400 294 168 318 44.9
(Shape 2)
P28: HDPE and wood dust 400 205 169 >276 46.4
(Shape2)
500
450 A
400
350
Z 300
=
o 250
(@)
— 200 A
150 ~
100 ~
50 1 -
O T T T T T T T
0 2 6 8 10 12 14 16 18 20
Displacement (mm)
P8: SOFTWOOD — P18: RECTANGULAR P19: RECTANGULAR P26: SHAPE 1
— P27: SHAPE 2 —— P28: SHAPE 2 —— P29: SHAPE 1

Figure 12 Recycled plastic specimenswith base plates: for ce-displacement curves
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Figure 13 Recycled plastic specimen P8 (25% PET, 75% HDPE) after test

3.2 Creeptestscarried out recycled plastic specimenswith base plates

Creep tests were carried out on two recycled plastic specimens with base plates. The specimens, P30
and P31, were formed from the same slegpers as specimens P26 and P29 that were tested statically.
The specimen details and effective initia stiffnesses of all four specimensare givenin Table 7. The
maximum loads applied in the bending tests on specimens P26 and P29 were 361 and 332kN,

respectively; they were not loaded to failure.

Table 7 Detailsof creep test specimens and cor responding specimens from the same sleeper s

that weretested statically with base plates

Mean Mean Effective Effective
) : initial initial
) Span section section . -
Specimen : stiffness stiffness
(mm) \Evnlﬂtq f)‘ ‘(’rf]pr;r)‘ (0to50kN) | (0-100kN)
(KN/mm) (KN/mm)
(Shape 1) :
P31: HDPE and wood dust 600 256 181 64.6 53.7
(Shape 1)
P26: HDPE and wood dust 600 257 184 68.1 56.5
(Shape 1)
P29: HDPE and wood dust
(Shape 1) 600 260 181 50.2 42.6
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3.21 Test method

Specimens P30 and P31 were subjected to seven and five load cycles, respectively, which were as
follows:

0 theload wasincreased to aprescribed level at arate of 10kN/min;

0 theload was maintained at the prescribed level for approximately 6 hours;

0 theload was decreased steadily to zero; and

0 theload remained at zero for approximately 18 hours before the next load cycle.
The details of the load cycles are shown in Appendix B.

3.2.2 Testresults

The displacements of the specimens at midspan and their stiffhesses during each load cycle are given
in TablesB.1 and B.2. The stiffnesses were calculated by dividing the load range by the changein
displacement from the start of the load cycle (not from the start of the tests)

The variation in the displacement during the fourth to seventh load cycles on specimen P30 and during
the second to fifth load cycles on specimen P31, are shown in Figure 14 and Figure 15 respectively.
The start time of each load cycle has been set to zero in the figures.

Because plastic is a visco-elastic material, the total displacement of the specimens at any time
comprised components that were e astic, delayed elastic and permanent. All three components
increased during loading and decreased during unloading. Only the delayed elastic and permanent
components increased when the load was maintained at a constant level. When the specimens were
unloaded, there was no e astic component, the delayed elastic component decreased with time, and by
definition the permanent component remained constant.

3221 Specimen P30

Table B.1 shows that when the load was maintained at 50kN for 16.8 hours during the third load cycle,
the displacement increased by 0.768mm. After the specimen had been unloaded for 23.1 hours, the
displacement was 0.368mm, but this was not all permanent deformation because the displacement was
still decreasing, abeit at alow rate (Figure 14).

The displacement increased by 1.397mm under a constant load of 100kN during the fourth load cycle
and by afurther 1.125mm during the fifth load cycle under the same load. The displacement after
these cycles was 0.798mm and 0.986mm, respectively. The shapes of the displacement curves were
similar during the two cycles; they were displaced by the difference in the permanent deformation.

The displacement increased by 2.021mm under a constant load of 150kN during the sixth load cycle
and by 3.370mm during the seventh load cycle under aload of 200kN. The displacement after these
cycleswas 1.373mm and 2.338mm, respectively. The displacement was still decreasing at the end of
each cycle.

3.2.2.2 Specimen P31

Table B.2 shows that when the load was maintained at 100kN for 5.9 hours during the second load
cycle, the displacement increased by 1.041mm. After the specimen had been unloaded for 17.4 hours,
the displacement was 0.564mm and still decreasing (Figure 15).

The displacement increased by 1.904mm under a constant load of 150kN during the third load cycle
and was 1.189mm at the end of the cycle.

The displacement increased by 2.895mm and 2.521mm under a constant load of 200kN during the
fourth and fifth load cycles, and the displacement after these cycles was 1.851mm and 2.442mm
respectively. The shapes of the displacement curves were similar during the two cycles; they were
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displaced by the difference in the permanent deformation. The displacement was still decreasing at
the end of each cycle, so the displacement did not represent the permanent deformation.

Displacement(mm)

>
>
*

15 20 25 30
Time (hrs)
—— 100kN 100kN —+— 150kN —< 200kN

Figure 14 Specimen P30: Variation in displacement with timein creep tests

Displacement (mm)

30
Time (hrs)
—— 100kN 150kN —— 200kN —< 200kN
Figure 15 Specimen P31 Variation in displacement with timein creep tests
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3.23 Summary of main findings

Because the recycled plastic was visco-€lastic, the stiffness of the specimens decreased as the |oad
increased. Furthermore, when one loading phase followed ancther with little time delay, the stiffness
tended to be higher during the second loading phase because the delayed elastic component was lower.
Thiswould be the case when trains passed over the sleepers.

Because the stiffnesses tended to be similar when the specimens were loaded after atime delay for
delayed elastic recovery, it is concluded that there was insignificant cumulative damage at 1oads up to
150kN. However, there was evidence that a sustained loading at 200kN was damaging.

On specimens P30 and P31, the permanent deformation was less than 1.0mm after sustained loading at
100KN, less than 1.4mm after sustained loading at 150kN and less than 2.5mm after sustained loading
at 200kN. The permanent deformation increased with each load application, but the total permanent
deformation was fairly low, bearing in mind that the maximum load of 200kN was 78% of the average
failure load of softwood sleepers with base plates.

3.3 Pull-out testson screw spikes

Pull-out tests were carried out on the screw spikes that secured the base plates to the wooden and
recycled plastic sleepers. The tops of screw spikes were drilled and tapped so atensile force could be
applied to them in the direction of their longitudinal axis. Figure 16 shows the test rig during the test
on aspike in a softwood specimen. The base plate had been removed for the reasons explained below.
In most of the tests, the force was increased steadily to the maximum value. The screw spike was
either pulled out of the specimen or, in tests on some recycled plastic specimens, began to unscrew. In
afew tests on recycled plastic specimens, the force was increased steadily to a specific value and then
maintained at that value for up to three minutes. If the screw spike did not move under this force, the
force was increased steadily to determine the maximum value.

BS EN 13481-2 (British Standards Institution, 2002c) requires cast-in fastenings of concrete sleepers
to withstand a pull-out force of aleast 60kN for three minutes. A lower constant force was considered
appropriate for the specimens with base plates. There are three screw spikes per rail seat on wooden
slegpers with a base plate, compared to two fastenings per rail seat on concrete sleepers.

In this report, the single spikes of the base plates that were nearer the ends of the full leepers, are
identified as spike S. The double spikes are identified as spikes D1 and D2.

3.3.1 Wooden sleepers

Thefirst two pull-out tests were carried out on specimen WS3 that had already been tested in bending.
The pull-out force could have been affected by the damage induced in the bending test, but most of the
cracking induced by bending appeared to be away from the screw spikes. Unlike the specimen shown
in Figure 16, the base plate was in position for these two pull-out tests. The maximum force measured
on the spike Swas 37kN. The spike remained in the wood throughout the test, and after reaching the
maximum val ue the force smply decreased as more of the spike was pulled out of the wood. The
maximum force measured on one of the double spikes was 42kN, but the test was stopped so the load
capacity of the load cell (50kN) was not exceeded.

After these two tests, it was thought that the pull-out forces measured may have been affected by the
presence of the base plate. The tensile force applied to the screw spike was reacted by the three legs
of thetripod (Figure 16) and these pushed the base plate down. Thiswould have prevented the wood
from being pulled upwards around the screw spike. Therefore, the remaining tests were carried out
without the base platesin position. However, the screw spikes had to be unscrewed to remove the
base plates and then be screwed back in place, and this may have affected the pull-out force.

The screw spikes were screwed back into the test specimens so the clearance under the head was
45mm, i.e. 10mm of the shank was in the wood. The clearances measured before the base plates were
removed ranged from a minimum of 43mm for one of the double screw spikes of a softwood deeper to
amaximum of 47mm for the single screw spike of a hardwood sleeper.
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Table 8 gives the test results for two softwood deeper specimens, WS3 and WS5, and two hardwood
sleeper specimens, WS4 and WS6. Three tests were carried out on WS3 after the base plate had been
removed and the screw spikes had been screwed back into the same holes. Even though the thread cut
in the wood would have been damaged during the first test on spike S, the maximum pull-out force
was higher in the repeat test without the base plate (41kN) than in the first test with the base plate
(37kN). Like specimen WS3, specimen WS5 was tested in bending before the pull-out tests. Figure
17 and Figure 18 show screw spikesin softwood and hardwood specimens after the pull-out tests.

The maximum pull-out force for spike S of specimen WS5 was very low because there was acrack in
the wood, present before the test, that passed through the centre of the clearance hole.

In all but one test, the maximum pull-out forces measured on the hardwood specimens were higher
than those measured on the softwood specimens. The maximum pull-out forces measured on the
hardwood specimen that had been tested in bending, W34, were lower than those measured on the
other hardwood specimen, WS6. This may be because the bending test damaged WS4 in the vicinity
of the screw spikes.

Figure 16 Test rig used for the pull-out tests

TRL Report PPR 094: The feasibility of recycled plastic railway sleepers Page 20





WALES

l TRUST

s C 18

Table 8 Resultsfrom pull-out tests on softwood and har dwood sleeper specimens

. Maximum
, Screw Previ ou_sly pull-out
Specimen : tested in Comments
spike bendin force
B ()
WS3: Softwood Started to pull out at maximum
; o S Yes 37
(base plate in position) force
WS3: Softwood Test stopped to avoid damage to
(base platein position) | T Yes > 42 load cell
WS3: Softwood s Yes a1 Started to puII out just before
maximum force
WS3: Softwood D1 Yes 16 Started to puII out just before
maximum force
WS3: Softwood D2 Yes 42 Started to puII out just before
maximum force
Wood cracked through centre of
) clearance hole.
WS5: Softwood S No o Started to pull out just before
maximum force
WS5: Softwood D1 No a4 Started to puII out just before
maximum force
WS5: Softwood D2 No 39 Started to puII out just before
maximum force
WS4: Hardwood s Yes a1 Started to puII out just before
maximum force
WS4 Hardwood D1 Yes 57 Started to pulflo(?géat maximum
WS4: Hardwood D2 Yes 55 Started to pquI out at maximum
orce
WSB: Hardwood s No 78 Pulled out wdf%tigley at maximum
WS6: Hardwood D1 No 71 Started to p”'f'of(‘:’éat maximum
WS6: Hardwood D2 No 62 Started to p”'f'ofgéat maximum

TRL Report PPR 094: The feasibility of recycled plastic railway sleepers

Page 21





Figure 18 Hardwood specimen WS4: Screw spikesD1 and D2 after the pull-out tests
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3.3.2 Recycled plastic specimens

Clearance holes measuring 17mm in diameter were drilled through the full depth of specimens P1, P2,
P6 and P7 after they had been subjected to a static bending test. The holes were positioned
approximately 150mm from the ends of each 500mm long specimen. Asfor the tests on the wooden
specimens, the screw spikes were screwed into these holes until the clearance under the head was
45mm. When the screw spikes had been screwed in, the plastic was raised dightly around the spikes,
as shown in Figure 19.

The details of the test specimens and the test results are givenin Table 9. The screw spikesidentified
as spikes A and B were positioned at the centre of the cross section of the specimens. Figure 20 shows
ascrew spike after a pull-out test. Little damage to the specimen is evident away from the vicinity of
the screw spike. The screw spikes of some specimens had a tendency to unscrew, abeit at ahigh

force.

It was thought that the raising of the plastic around the screw spikes shown in Figure 19 would affect
the seating of base plates on recycled plastic deepers. Therefore, in order to prevent such problems,
the diameter of the top 10mm of the clearance holes was increased to 24mm, i.e. the diameter of the
shank of the screw spikes, for further pull-out tests and for the static and creep bending tests on
specimens with base plates.

Pull-out tests were carried out on the screw spikes positioned in specimens P14, P15, P18 and P19
(manufactured from HDPE and wood dust) after the static bending tests. Three screw spikes were
screwed into one half of failed specimens P14 and P15. Two of the screw spikes were spaced side by
side at 100mm centres, the same spacing as the double spikes on specimens with base plates. The
other screw spike was placed at mid width, centred 100mm from the row of double spikes. The base
plates were removed from specimens P18 and P19 and the screw spikes were screwed back into the
specimens until the clearance under each head was 45mm. On all four specimens, alength of the
screw spike was within the voided centre of the section (see Figure 21).

When specimens P14 and P15 were tested, the force was increased steadily up to the maximum value,
as was undertaken for the tests on specimens P1, P2, P6 and P7. For the tests on P18 and P19, the
force was maintained at a constant level for a maximum of three minutes. If the screw spike had not
been pulled out during that time, the force was increased steadily until pull-out was achieved. The
results are shown in Table 9.

In all the tests on specimens P14, P15, P18 and P19, the screw spikes were suddenly pulled out afew
millimetres at the maximum force. There was no tendency for the spikesto unscrew. Theforce
required to continue pulling the screw spikes out of the specimen then fell until the tests were stopped
when the force was approximately 15kN and the screw spikes had been pulled out about 12mm. There
was very little, if any, lifting of the plastic in the vicinity of the screw spikes. The principal cause of
failure was stripping of the thread that had been cut in the plastic as the screw spike has been inserted.
Figure 22 shows specimen P14 after the screw spikes had been removed after the tests.
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Table9 Resultsfrom pull-out tests on recycled plastic specimens
. Screw Previ ou_sly Mp?J)I(IIT)LLj{n
Specimen : tested in Comments
spike bendin force
J (KN)
A Yes 74 Started to unsfcrew at maximum
P1: 100% HDPE orce .
Started to unscrew at maximum
B Yes 61
force
P2: 50% PET: 500 HDPE | A Yes 60 Started to p“'f'o‘:g;at maximum
Started to unscrew at maximum
A Yes 52 force, then started to pull out after

P6: 50% PET: 50% HDPE rotating about 45°

Started to unscrew at maximum
B Yes 69 force, then started to pull out after
rotating about 5°

Started to pull out at maximum

A Yes 53
force
P7: 25% PET: 75% HDPE Started to unscrew at maximum
B Yes 58 force, then started to pull out after
rotating about 5°
S No 52 Pulled out at maximum force
P14: HDPE and wood dust | D1 No 57 Pulled out at maximum force
D2 No 55 Pulled out at maximum force
S No 51 Pulled out at maximum force
P15: HDPE and wood dust | D1 No 58 Pulled out at maximum force
D2 No 52 Pulled out at maximum force
Pulled out after force had been
S Yes 45 kept at 45kN for 30s
P18: HDPE and wood dust | D1 Yes 58 Force kept at 45kN for 3m
Pulled out at maximum force
Pulled out after force had been
D2 Yes 45 kept at 45kN for 2m 30s
Force kept at 40kN for 3m
S Yes 95 Pulled out at maximum force
P19: HDPE and wood dust | D1 Yes 63 Force kept at 45kN for 3m
Pulled out at maximum force
D2 Yes 56 Force kept at 45kN for 3m

Pulled out at maximum force
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Figure 19 Recycled plastic specimen P7 (25% PET, 75% HDPE): Screw spike B before the pull-
out test

Figure 20 Recycled plastic specimen P7 (25% PET, 75% HDPE): Screw spike A after the pull-
out test
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Figure 22 Half of recycled plastic specimen P14 after removal of screw spikes after pull-out tests
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4 Comparison of recycled plastic and wooden sleepers

4.1 Static bendingtests

411 Specimenswithout base plates

The strength of the specimens that were manufactured from HDPE and wood dust and were more than
125mm deep, was significantly greater than the strength of the softwood deeper specimens. The
weakest of the Shape 1 and Shape 2 specimens, specimen P22, was 78% stronger than the strongest
softwood specimen, specimen WS7, and 56% stronger than the weakest hardwood specimen,
specimen WS3. The strongest hardwood specimen, specimen WS8, was significantly stronger than
any of the recycled plastic specimens tested.

Theleast stiff Shape 1 specimen, specimen P22, was 28% stiffer than the stiffest softwood specimen,
specimen WS7, and only 2% less stiff than the least iff hardwood specimen, specimen WS3. The
least stiff Shape 2 specimen, specimen P21, was 24% |ess stiff than the stiffest softwood specimen,
specimen WSY.

Therefore, the Shape 1 specimens performed significantly better than the softwood sleepersin the
static bending tests without base plates.

412 Specimenswith base plates

Like the specimens without base plates, the strength of the specimens with base plates that were
manufactured from HDPE and wood dust and were more than 125mm deep, was greater than the
strength of the softwood sleeper specimens. The Shape 1 specimens, specimens P26 and P29, that
were not tested to failure, were at least 23% stronger than the strongest softwood specimen, specimen
WS9, and about as strong as the weakest hardwood specimen, specimen, W$4.

The stiffest Shape 1 specimen, specimen P26, was 28% less tiff than the |least stiff softwood
specimen, specimen WS3. The least stiff Shape 1 specimen, specimen P29, was 46% less tiff than
that least stiff softwood specimen.

The above suggests that the composite action between the base plate and the material of the sleeper
was less for recycled plastic specimens than for wooden specimens. It is possible that the load on the
screw spikes under bending caused the plastic specimens to deform more around the screw spikesin
the recycled plastic specimens than in the wooden specimens. However, the effect may have been less
significant if the profile of the underside of the base plate had been optimised for the recycled plastic
specimens. The base plates were shaped so their ends would dig into the wood. The centre of the base
plates tended to be dightly above the wood before |oading, but the ends were pushed into the softwood
specimens under load so the centre of the base plates were then (almost) flush with the softwood.
There appeared to be less digging into the recycled plastic specimens, because they were harder than
the softwood specimen, so there was always a gap between the centre of the base plates and the plastic
specimens under load. Being unsupported, high strains were induced in the base plates which were
sufficient to cause them to fail.

Because the recycled plastic was visco-elastic, a small increase in section depth could have increased
the stiffness of the recycled plastic specimens so they were equivalent to the stiffness of the softwood
specimens. Asindicated above, the increase in the stiffness of the recycled plastic specimens with
section depth was greater than that predicted assuming linear elastic behaviour.

4.2 Pull-out tests

The lowest pull-out force measured on arecycled plastic specimen, specimen P15, that had not been
tested in bending, was 11% higher than the highest force measured on softwood specimen WS3 that
had been tested in bending, and 16% higher than the highest force measured on softwood specimen
WSS that had not been tested in bending. Thisforce was less than the pull-out forces measured on the
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hardwood specimen WS6 that had not been tested in bending, but was similar to those measured on
hardwood specimen WS4 that had.

The screw spikes in specimens P18 and P19 would have been subjected to significant lateral forces
during the bending tests which may have elongated the clearance holes. Furthermore, the clearance
holes may have been weakened when the screw spikes were unscrewed for removal of the base plates
before they were repositioned for the pull-out tests. However, the pull-out forces measured on
specimen P19 were generally higher than those measured on specimens P14 and P15 that have not
been tested in bending, even though the load was maintained at 40kN or 45kN for 3 minutes during
the tests on specimen P19. They were also higher than those measured on softwood specimens WS3
and WS5 and, on average, those measured on hardwood specimen WS4. The pull-out forces measured
on specimen P18 were lower than those measured on specimen P19, possibly because the former was
less dense, but the pull-out forces were till higher than those measured on softwood specimens WS3
and WS5.

It is concluded that pull-out forces are higher for recycled plastic sleepers, manufactured from HDPE
and wood dust, than for softwood sleepers. The pull-out forces measured on the recycled plastic
specimens compared favourably with the requirements for cast-in fastenings of concrete slegpers.

5 Discussion

5.1 Performancerequirements

A formulation and geometry for arecycled plastic sleeper has been identified that should be the basis
for further development as a replacement for softwood sleepers. In static bending tests, the stiffness of
a specimen of the preferred geometry that was manufactured from recycled plastic material was as
stiff but far stronger than specimens taken from softwood sleepers. However, the composite action
between the material and the cast iron base plate was less for the recycled plastic than for softwood.
This caused the stiffness of therail seat area of recycled plastic specimens with base platesto be less
than that of softwood specimens with base plates. The stiffness of the recycled plastic could be
increased by using a stiffer HDPE or reducing/eliminating the voiding at the centre of the sections on
cooling. However, if thisis not possible, reinforcement should be added to increase the stiffness of the
recycled plastic specimens and the hardness of the material around the screw spikes. Glass fibre and
other forms of reinforcement have been incorporated into recycled plastic specimens developed in the
USA (Lampo, Sullivan and Nosker, 2003).

The recycled plastic specimens suffered some permanent deformation when they were subjected to
sustained loading. Less should be evident in specimens with reinforcement and where there is better
composite action between the base plate and the specimen material. Further tests should be carried out
to determine the permanent deformation due to the lateral forcesimparted by whed loads and the
effect this would have on the track gauge. It isrecommended that thisisinvestigated in repetitive
loading tests of the type specified for steel sleepersin which the vertical and horizontal loadsinduced
by axle loads are simulated (Appendix A). These tests would also test the resistance of the recycled
plastic material to fatigue loading, in particular the effect of stress concentrations at the screw spike
holes or at manufacturing defects, and the effect of stress relaxation and any loosening of the screw
spikes on the clamping force between the rail and the deeper.

If the properties of the recycled plastic vary with temperature, some of the tests described above
should be carried out at low temperature to determine if there is atendency for brittle fracture, and at
high temperatures to determine the stiffness and permanent deformation. The low thermal
conductivity of recycled plastic should limit the range of temperatures encountered in the bulk

materia in service. However, fastenings may heat up under solar radiation and may conduct heat from
therails so that the rail seat area may be considerably higher than ambient temperature. Further tests
should be carried out to determine the effects of ultraviolet radiation, ageing, leaching, gassing and fuel
ails, in addition to tests of the type currently specified for deepers of other types.
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Sleegpers must interact with the balast for the lateral stability of thetrack. To provide the necessary latera
resistance, the undersides of recycled plastic deepers must be profiled accordingly.

5.2 Next steps

After the further development tests, it is proposed that field trails are carried out on a heritage railway
or another site where the recycled plastic sleepers would be subject to low volumes of traffic. The
lateral stability and track geometry should be assessed at regular intervals, together with the
performance of the sleepers and the fastenings. Potential markets for recycled plastic sleepersinclude
London Underground, heritage railways and tramways, where axle loads are less than those
encountered on the Network Rail network.

There has been some interest in the use of recycled plastic sleeperswhen noiseisafactor. Therefore,
the noise reflected/emitted from recycled plastic sleepers should be compared with that
reflected/emitted from other types.

Since the recycled plastic specimens manufactured to date have voids at the centre of their section, a
service duct could be installed at mid section with little, if any, loss of performance. Sleeperswith
such ducts could be used at specific locations where it is necessary for track circuits and system cables
for cross atrack.

6 Conclusions

Satic bending tests without base plates

1. Themaximum loads applied to two softwood specimens without base plates were 216 and 223kN,
respectively. One hardwood specimen withstood aload of 255kN but another was able to
withstand aload greater than 501kN. The specimens that failed, failed because of the formation of
several cracks before the formation of one large crack.

2. Recycled plastic specimens of depth about 125mm failed at |oads ranging from 61 to 241kN. The
strongest specimen was manufactured from HDPE and wood dust. All of the specimens were far
less stiff than the softwood specimens and they failed suddenly under loading when a single crack
formed near mid span.

3. Rectangular recycled plastic specimens of depth about 155mm manufactured for HDPE and wood
dust failed at loads ranging from 307 to 332kN but they were, on average, less than half as stiff as
the softwood specimens. However, the Shape 1 and Shape 2 specimens manufactured from HDPE
and wood dust failed at |oads ranging from 397 to 458kN, and the least stiff Shape 1 specimen was
28% dtiffer than the least tiff softwood specimen.

Satic bending tests with base plates

4. The maximum loads applied to three softwood specimens with base plates ranged from 235kN to
270kN. One hardwood specimen withstood aload of 325kN, but two others were able to
withstand loads greater than 512kN. The specimens that failed, failed because of the formation of
several cracks before the formation of one large crack.

5. The base plates of rectangular recycled plastic specimens manufactured from HDPE and wood
dust failed at loads of 290 and 331kN respectively. The base plate of a Shape 2 specimen failed at
aload of 318kN. Two Shape 1 and another Shape 2 specimen withstood loads of 361, 332 and
276kN respectively, before they were unloaded without the base plates failing. The stiffest and
least stiff Shape 1 specimens were 28% and 46% respectively, less stiff than the least stiff
softwood specimen.

6. Itisapparent that the composite action between the base plate and the material of the deepers was
lessfor the recycled plastic specimens than for the wooden specimens.
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Creep bending tests on recycled plastic specimens with base plates

7. The permanent deformation of two specimens manufactured from HDPE and wood dust was less
than 1.0mm after sustained loading at 100kN, less than 1.4mm after sustained loading at 150kN
and less than 2.5mm after sustained loading at 200kN. Insignificant cumulative damage was
evident at loads up to 150kN.

Pull-out tests on screw spikes

8. When the pull-out force was increased steadily throughout the tests, the maximum pull-out forces
measured on screw spikes ranged from 17 to 46kN on softwood specimens, from 41 to 78kN on
hardwood specimens, and from 51 to 74kN on recycled plastic specimens.

9. The maximum pull-out forces measured on three screw spikes in seepers manufactured from
HDPE and wood dust ranged from 56 to 63kN when the force was increased after it had been
maintained at 45kN for 3 minutes. The maximum force was 55kN for one screw spike when the
force was increased after it had been maintained at 40kN for 3 minutes. Two screw spikes were
pulled out when the load had been maintained at 45kN for 30 and 150 seconds respectively. The
clearance holes of all six screw spikes may have been weakened during the static bending tests
undertaken before the pull-out tests.

10. The pull-out forces measured on recycled plastic specimens compared favourably with the
requirements for cast-in fastenings of concrete sleepers.

Next steps

11. Thisfeasibility study has identified aformulation and geometry for arecycled plastic deeper that
should be the basis for further devel opment as a replacement for softwood sl egpers.

12. The composite action between the base plate and the recycled plastic should be increased by using
astiffer HDPE or the addition of reinforcing rods or fibres.

13. Further tests should be conducted to determine the permanent deformation dueto the lateral forces
imparted by wheel 10ads, the interaction with the ballast, and the effect of environmental factors.
It is proposed that field trials are then undertaken on a heritage railway or another site where
traffic volumes are low.
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Appendix A. Sleeper Specifications and Standards

There are specifications and standards for wooden, concrete and steel deepers, and separate
specifications and standards for the fastenings that connect the rails to the deepers that apply in the
UK.

RT/CE/S/029 (Network Rail, 1996) is the Railtrack Line Specification and BS EN 13145 (British
Standard Institution, 2001) is the European Standard for wooden sleepers and bearers. The
Specification and Standard detail the permitted species, dimensions, and timber defects and other
characteristics, and treatments.

RT/CE/S/030 (Network Rail, 2000) isthe Railtrack Line Specification and BS EN 13230-1 and BS
EN 13230-2 (British Standard Institution, 2002a; 2002b) are the European Standard for concrete
sleepers and bearers. The Specification details the materials, mix design, manufacture and curing
regimes and dimensions. Product Approval Tests are specified that involve static and dynamic
loading that induces a bending moment at the rail seat and static loading that induces a bending
moment at the centre of the deeper. Thesetests are to be similar to if not those specified in the
European Standard. Quality Assurance tests are also specified that involve static loading to induce
bending moments at the rail seat and the centre of the sleeper. Thetest load is applied at the centre of
therail seat which is supported on 135mm wide hard rubber pads at 560mm centres to give afree span
of 425mm. The maximum positive (sagging) bending moment for the types of sleeper covered by the
Standard is 27.5kN, which correspondsto atest load of 280kN. A crack more than 15mm long that
propagates when the load isincreased by 10kN constitutes afailure. The Standard also detailsthe
materials, mix design, manufacture and curing regimes and dimensions. In addition, it specifies
electrical insulation, abrasion resistance, freeze-thaw resistance and water absorption requirements,
and the gtatic, dynamic and fatigue bending tests to confirm the behaviour of the concrete element and
the pulsating and impact imparted through the rail to the fastenings and the sleeper. The test
configuration for therail seat is shown in Figure A.1. It is supported on 100mm wide hard rubber
pads at centres ranging from 300mm to 600mm, dependent on the length of sleeper beyond the rail
seat centre. Asthe Specification, the performance requirements and test regime are based on the
presence of cracksin the concrete.

RT/CE/S/021 (Network Rail, 1997) isthe Railtrack Line Specification for steel sleepers. It detailsthe
geometry and specified cyclic loading test, lateral resistance and electrical resistance regquirements.
The cyclic loading test imparts vertical and lateral forces on therail seats. The mean minus two
standard deviations of the maximum force applied (the total force applied to both rails) at the fatigue
[imit must not be less than 220kN. A crack exceeding 3mm after 5 million cycles constitutes afailure.

BS EN 13481-2 (British Standard Institution, 2002c) and BS EN 13481-3 (British Standard Institution,
2002d) are the European Standards for fastening systems for concrete and wooden sleepers,
respectively. These Standards specify requirements concerning the longitudinal rail restraint, the
torsional resistance of the fastening, the effect of repeated |oading on the rail head, the effect of severe
environmental conditions, track gauge, and the clamping force. The concrete Standard has additional
requirements for the attenuation of impact loads, the electrical resistance, cast-in fastening
components. Cast-in fastenings on either side of the rail must withstand aload of magnitude 60kN
applied normal to therail seat for 3 minutes. The other requirements are specified in the BS EN 13481
series of Standards.

TRL Report PPR 094: The feasibility of recycled plastic railway sleepers Page 33





WALES

‘ TRUST

TS0

L/2

\ 4
A
A 4

L/2

Y

A

Lo

The span length, L,, should be:

0.3mwhen L is < 0.349m,

0.4m when 0.350m < L, < 0.399m
0.5mwhen 0.400m < L, < 0.449m, and
0.6m when L, >0.450.

Figure A.1 Bending test loading configuration from BS EN 13230-2
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Appendix B. Creep testson recycled plastic specimenswith base plates

The details of the load cycles during the creep tests on recycled plastic specimens with base plates,
P30 and P31, are given in columns 1 and 3 of Table B.1 and Table B.2, respectively.

Thefirst two load cycles on specimen P30 involved loading to 50kN and unloading within a short
period of time. During the third load cycle, the load was maintained at 50kN for 16.8 hours and then
the specimen was unloaded for 23.1 hours. The specimen was loaded to 100kN during the fourth and
fifth load cycles and to 150kN and 200kN during the sixth and seventh cycles, respectively. The load
was maintained at the prescribed level for about six hours, and the specimen was then unloaded for
about 18 hours or more before the start of the next cycle.

Thefirst load cycle on specimen P31 involved loading to 100kN and unloading within a short period
of time. During the second load cycle, the load was maintained at 100kN for 5.9 hours and then the
specimen was unloaded for 17.4 hours. The specimen was loaded to 150kN during the third load cycle
and to 200kN during the fourth and fifth cycles. Asfor specimen P30, the load was maintained at the
prescribed level for about six hours, and the specimen was unloaded for about 18 hours or more before
the start of the next cycle.
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TableB.1 Resultsfrom creep test on recycled plastic specimen P30 with base plate
Load | Load | Elapsed time | Displacement | Timeat constant . Change in Stiffnessduring
cyde | (kN) | (min) (mm)  |load (min (hour)) | disPlacementat | o (kN/mm)
constant load (mm)
0 0 0
50 8 0.902 549
1 50 9 0.973 1 +0.071
0 11 0.206
0 16 0.104 5 -0.102
50 21 0.923 59.6
2 50 23 1.024 2 +0.101
0 25 0.255
A 0 27 0.189 2 -0.066
50 31 0.961 63.3
3 50 1037 1.729 1005 (16.8) +0.768
0 1039 0.929
v 0 2427 0.368 1388 (23.1) -0.561
i 50 2431 1.215 58.6
100 2435 2.348 50.2
4 100 2806 3.745 371(6.2) +1.397
0 2810 1.959
X 0 3910 0.798 1100 (18.3) -1.161
50 3917 1.695 55.6
100 3922 2.788 49.7
5 100 4299 3.913 377 (6.3) +1.125
0 4305 2.053
v 0 5365 0.986 1060 (17.7) -1.067
1 50 5370 1.860 57.0
100 5375 2.955 50.6
6 150 5380 4.181 46.7
150 5722 6.202 344 (5.7) +2.021
v 0 5739 3.299
A 0 9644 1.373 3944 (65.1) -1.926
50 9649 2.232 58.3
100 9654 3.315 51.2
150 9659 4.521 47.7
7 200 9664 5.811 45.0
200 10032 9.181 368 (6.1) +3.370
0 10042 5.007
v 0 11357 2.338 1315 (21.9) -2.669
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TableB.2 Resultsfrom creep test on recycled plastic specimen P31 with base plate
Load | Load Elapsed time| Displacement |Time at. constant disglgzggweem at Stiffneas during
cycle | (kN) (min) (mm) load (min (hour)) constant load (mm) loading (kN/mm)
A 0 0 0
50 5 0.778 64.6
100 10 1.846 53.7
1 100 17 2.160 7 +0.314
v 0 23 0.490
A 0 25 0.407 2 -0.083
50 30 1.146 68.1
100 35 2.082 59.3
2 100 388 3.123 353(5.9) +1.041
0 393 1.491
v 0 1436 0.564 1043 (17.4) -0.927
i 50 1441 1.381 61.1
100 1446 2.387 54.6
3 150 1451 3.503 50.9
150 1821 5.407 370 (6.2) +1.904
v 0 1830 2.733
A 0 2882 1.189 1052 (17.5) -1.544
50 2887 1.998 61.7
100 2893 3.028 54.2
150 2898 4.192 49.9
4 200 2902 5.432 47.0
200 3259 8.327 357 (5.9) +2.895
v 0 3270 4.398
0 7189 1.851 3919 (65.3) -2.547
i 50 7194 2.652 62.8
100 7200 3.744 52.8
150 7205 4932 484
5 200 7210 6.316 447
200 7580 8.837 370(6.2) +2.521
0 7590 4,952
v 0 8669 2.442 1079 (18.0) -2.520
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