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RAILWAY TRACK REINFORCEMENT
One regular challenge facing railway track engineers is 
that of track movements caused by ballast shifting under 
the rails.  A liquid polyurethane has been developed that 
gels around ballast rocks, forms an open geocomposite 
and stabilises the rails.

A decade ago, Peter Woodward, Professor 
of Railway Geotechnical Engineering at 
Heriot-Watt University, developed a way to 
reinforce and stabilise railway tracks using 
polymers.  He was studying how ground 
waves generated by the interaction of a 
train with the track made the close-packed, 
crushed rock (known as ballast), on which 
most railway sleepers lie, move over time. 

Professor Woodward explains that 
as the ballast shifts, the track moves out 
of alignment and trains no longer run 
smoothly.  Where forces are greatest, 
such as junctions where lines diverge or 
converge, the ballast might need to be 
packed back into place every few months, 
causing network disruption, passenger 
delays and ongoing maintenance costs.

Woodward’s innovation was to apply 
an advanced polyurethane polymer to 
the ballast to hold it in place and act as a 
damper against the vibration.  When it was 
first used in 2001 at Bletchley on the West 
Coast Main Line, it virtually eliminated the 
need for track and ballast maintenance. 

The technology is now used under the name 
of XiTRACK installed by Balfour Beatty Rail.  
Installations include Clapham Junction, the 
East Coast Main Line, Coble Fret Ferry Port 
and most recently the East London Line, 
as part of the infrastructure of the London 
Olympics.  The technology has also been 
applied to tracks in Italy, with trials expected 
shortly in Germany, Hong Kong and America. 

Trains running at over 250 mph are 
thought to be an important part of the 
future of rail and XiTRACK is likely to be an 
enabling technology.  As part of further 
research funded by the Engineering 
and Physical Sciences Research Council, 
Woodward’s team is now developing 
software to model ultra high-speed train/
track interactions including the smoothness 
of the ride.  “Every type of ground has a 
natural velocity and when a train speed 
reaches it, interactions between the train 
and the track set up resonant vibrations.  
The plan is to model various stabilisation 
track technologies to stop that ground 
vibration,” he says.

INNOVATION WATCH

FROM BAR TO QR 
Using machines to capture data optically is a 
highly effective way of gathering information, 
especially if it is presented in a standard visual 
‘language’.  In 1948, two young engineers 
based in Philadelphia invented the simple ‘bar 
code’ as a way to record stock information for 
supermarkets. 

To be commercially viable, the code 
needed a versatile reader and in 1973 an IBM 
team led by one of the original inventors, 
Norman Woodland, finally got the Universal 
Product Code accepted by US manufacturers, 
using laser scanning technology.  Data was 
represented in the widths and spacings of 
the array of parallel lines. Within a decade, 
the barcode was in use worldwide, from 
supermarkets to healthcare.

In the 1990s, a new square Quick 
Response (QR) format was developed by 
Toyota subsidiary Denso Wave for tracking 
automobile parts in production plants.  The 
square format stores data both horizontally 
and vertically, enabling a hundred-fold 
increase in data content. The pattern of black 
and white square areas in the corners of the 
code grid orientates the decoding software, 
while a white barrier ‘quiet zone’ around the 
grid distinguishes code from noise. Square 
QR codes can be scanned by digital cameras 
rather than lasers, opening up the technology 
to a wider range of applications.

The combination of camera and mobile 
phone has taken the QR format to the 
mass market.  Smartphones with internet 
connectivity provide their users with access 
to website links stored as QR codes, simply 
by photographing the printed image, 
enabling almost any functionality that 
the web can provide.

XiTRACK is applied to ballast as a liquid polymer.  It sets within 20 seconds and forms a 3D cage, 
harnessing the separate rock particles and allowing controlled movement. Ingenia magazine’s QR code
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