
hen it comes to the different 
modes of transport, rail is a 
comparatively low-carbon way 

of travelling and moving goods. But with the UK 
Government’s aim of achieving net zero emissions 
by 2050, the decarbonisation challenge faced by 
the rail industry is still significant.

Today much of our energy must be focused 
on electrification of the lines, with 278 miles 
(448km) of railway needing to be electrified each 
year to meet Network Rail’s target of net zero. 
However, with only 111 miles (179km) electrified 
between 2020 and 2021 according to the Office 
of Rail and Road, and electric trains estimated 
to emit between 20-35 per cent less carbon into 
the atmosphere than traditional diesel-powered 
engines, it is important to consider other areas 
that need improvement too. 

One such way is to harness the power of data 
and technology. From digital twins that provide 
up-to-date asset data to support operational 
planning and the management of assets, to IoT 
devices being placed trackside to monitor rail 
positioning and much more. In fact, technological 
advancements, such as design tamping, can make 
improvements across the network beyond driving 
down emissions. It can also improve efficiency and 
passenger ride quality. 

Tamping enables rail operators to correct 
track alignment. It’s a vital aspect of railway 
maintenance and plays an important role in 
preventing derailments. By maintaining an 
optimised track rail operators can cut carbon 
emissions, provide a safer working environment, 
and reduce maintenance costs. Improving on 
our traditional tamping methods presents the 
rail industry with an opportunity to get closer to 
realising our emission reduction targets.  

Popular tamping methods
Traditional ‘compensation tamping’ is a three-stage 
process: a tamper collects information about the 
current relative geometry of the track, the machine 
calculates how far the track needs to be moved to 
bring it within specification, and the tamper then 
mechanically repositions the rail and packs ballast 
under the sleepers to keep it in position.
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Smart Tamp revolutionises 
track tamping for sustainable 
infrastructure design

Although this conventional approach creates 
a safe track geometry, it does not optimise the 
alignment. Over time, with repeated cycles of 
tamping, this can lead to longer wavelength 
problems such as multi-compound curves and 
poor cant build-up at the approach to curves. 
Compensation tamps are also generally 
constrained to maintenance tolerances of 25mm 
X and Y and 40mm in Z from the original designed 
position so alignment can’t be optimised. Over 
time, and after several compensation tamps, 
the position of the track will no longer be in 
the original designed position, and this will 
necessitate the need for more gauge clearance 
checks to be carried out. 

Design tamping is a process where a survey 
team is sent to site to collect information on the 
current track position to then be able to design the 
track to an optimal position. The tamper will then 
be sent out to reposition the track to the designed 
position. This is also used in applications such as 
managed track position (MTP), absolute track 
position (ATP) and to maintain through alignment 
design (TAD).

Integrated approach
The application of smart technology has taken 
tamping to a new level. Fugro RailData® solutions 
include Smart Tamp – a modified approach to 
design tamping. The system approach relies on 
creating a track baseline position or ‘geodetic 
backbone’ created using Fugro’s RILA® survey 
system. 

Changes in track position are then calculated 
automatically using information collected 
periodically with RILA® with the backbone 
model being updated. This means that new track 
alignment designs can be created at any point 
in time without the need to commission a track 
survey or put surveyors on the track. Mounted 
on the front of regular in-service passenger 
trains, RILA® surveys the network at normal 
track speed (up to 125mph), collecting geodetic 
referenced data on the track and rail corridor with 
millimetre precision and at a higher density than 
conventional track surveys.

The RILA® data is post-processed, and a 3D 
laser point cloud is produced, along with absolute 
track position data. 
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Extension of life to assets
The Network Rail sustainability strategy 2020-2050 
explains: “We use lots of materials to build and 
maintain the rail network, spending around £7 billion 
a year on our supply chain. Our activities produce 
a lot of waste; 2.1 million tonnes in 2018/2019. We 
must use less and manage unavoidable waste 
better. We have a huge opportunity to contribute 
to a more circular economy, where we extract fewer 
virgin resources from the planet, keep materials and 
resources in circulation and waste to an absolute 
minimum. This action will also help us significantly 
reduce our carbon emissions.” 

Using Smart Tamp, we’re able to perform 
asset management on the entire rail network. By 
monitoring the status of all assets within the rail 
corridor and performing timely maintenance, 
a new level of cost-efficiency can be achieved. 
Reduced wear and tear of track and rolling stock 
allows for reduced renewal and a 20 per cent 
reduction in track maintenance. This will in turn 
increase the life of track assets and lower the 
whole life carbon pricing for the entire network.  

Boots on ballast 
With design tamping based on traditional surveys, 
the survey team needs to work on or near the 
track, which incurs a safety risk. Approximately 
8800 survey shifts would be needed to execute 
surveys across the whole of the network. Having 
on average five operatives per survey team 
(including protection), and working a normal 
engineering shift, this adds up to the total 352000 
exposure hours per year.

The RILA® crew is on the track only at the 
beginning and end of a shift, while mounting the 
survey unit to a train. This means that two people 
are on the track for four minutes, two minutes 
to mount RILA® and two minutes to dismount, 
reducing ‘boots on ballast’ by 97 per cent.

Improve efficiency of tamping machines
Currently, for compensation tamping, time is lost 
on the shift as the tamper itself needs to survey 
the track during the night. In a tamping night, the 
tamping machine is on location for approximately 
four hours. The first hour is needed to do this 
survey run, set back and calculate/approve the 
compensation lifts and slews which are to be 
applied. This reduces the amount of time available 
for actual tamping by 25 per cent. By having the full 
amount of time to complete a tamping shift (minus 
travel to site) the tamper will be able to complete 25 
per cent more meterage per night, cover more sites 
or reduce the risk of overruns occurring.

Financial savings 
With the Network Rail budget on renewals and 
maintenance available, it is possible to estimate the 
long-term savings for Network Rail. £778 million is 
spent on maintenance and the percentage of cost 
reduction, based on coordinate-based maintenance, 
is set at 30 per cent. The long-term savings on track 
maintenance would then be around £233 million per 
year over the whole network.

The future
By introducing Smart Tamp to the network, there 
is the potential to change the way data is collected 
and how tamping is implemented.  As a result, 
analysis of the data captured can help overhaul 
and modernise track maintenance practices, as 
well as improve safety across the network. 

In addition, it offers a way to decrease 
carbon emissions and cut down on track worker 
exposure hours with a solution that will also offer 
considerable financial benefits and improve ride 
quality for passengers and freight. Ultimately, this 
technology will see the industry benefit across the 
board and enable a smoother ride for passengers 
in the future. 

This data is combined to model the optimum 
track alignment, while maintaining adequate 
gauge clearance to structures and a compliant 
height and stagger for overhead line equipment. 

By modelling the track in 3D space in relation 
to surrounding assets, it is possible to design the 
new track alignment with confidence beyond 
the maintenance limits to achieve the optimum 
alignment for the smoothest ride. Once 
finalised, the designed alignment is converted 
into the corresponding track adjustments (lifts 
and slews) and can be input to the tamping 
equipment. 

The surface derived from the lidar point cloud 
profile can be used to accurately determine 
the current ballast volume and the tonnage of 
ballast needed to bring the ballast profile into 
line for the new track alignment, providing exact 
locations of where to drop the ballast. This 
eliminates the problem of some parts of the track 
being deficient while others are overballasted. 
It also introduces new efficiencies, because if 
there’s not enough ballast available to support 
the designed track lift, this can be remedied well 
ahead of the tamping operation. Design tamping 
using Fugro Smart Tamp is a comprehensive 
solution that offers more sustainable whole-life 
geometry, and increased track quality, which 
ultimately will reduce maintenance costs and 
improve safety.

Benefits
Carbon savings
Fugro Smart Tamp gives optimal ride, low 
dynamic forces, and less rolling resistance 
between track and rolling stock. This offers a 
saving in the amount of traction power that is 
required to power a train. Better aligned track 
with lower rolling resistance delivered through 
design tamping will offer approximately five per 
cent saving to traction power, cutting both the 
amount of electricity and diesel used.

In 2019/2020 Network Rail used 4256 million 
kWh of traction electricity on the electrified parts 
of the network and 648 million litres of diesel 
on the non-electrified parts. With the potential 
saving of CO

2
e set at five per cent we can estimate 

a saving of 144,600 tonnes of CO2e released 
into the atmosphere. This is based on saving 213 
million kWh of electricity and 32.4 million litres of 
diesel.

Further, by collecting survey data from RILA®, 
there is the potential to save an additional 217 tonnes 
of CO

2
e by not having operatives travel to site to 

carry out surveys. This has been calculated using an 
average journey distance of only 12 miles (20km) so 
the actual saving may be higher as operatives often 
travel further to reach their work sites.
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