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Network Rail  

Process Earthworks Examinations  

Users Geotechnical Engineers  

Hardware HP 5550 Pocket PC  

Software GISmo & MapX Mobile  

Location Regional, UK  
Cost £70,000  

ROI Payback period of 1 year  

  
 

Business Problem 
Network Rail is responsible for maintenance of 
earthwork structures throughout Britain.  The 
location and condition of these has, until 
recently, been difficult to ascertain.  London, 
North East and East Anglia Region 
commissioned several contractors to determine 
the location and assess the condition of these 
structures in accordance with their standard 
procedures.  The volume of paperwork involved 
quickly became unmanageable. 

Business Solution 
A Pocket PC application was developed 
enabling the geotechnical engineers to locate 
themselves accurately using GPS/DGPS in 
conjunction with rail network datasets and then 
to record the asset locations and their 
condition..  Data are then imported and 
synchronised into a GIS database with which 
the required analysis is undertaken. 

 
 

Background 
Network Rail had until recently a completely reactive 
approach to the management of earthworks.  This 
brought about significant safety implications e.g. the 
possible loss of track alignment or significant 
amounts of slope debris blocking the line. 

Until the introduction of two standards governing the 
safe management of embankments and cuttings 
(GC/RT/5151 and RT/CE/P/030) no one had looked 
at earthworks unless a failure occurred and the line 
was affected.  In 1999, systematic inventory, 
assessment and categorisation of earthworks began 
in order to comply with these standards. 

This quickly resulted in the build up of paperwork 
that was difficult to manage and was becoming a 
storage issue.  Towards the end of 2000 an 
electronic solution was sought. 

Process 
Earthworks examinations are carried out by teams 
of geotechnical engineers contracted to Network 
Rail.  The assessment process involves recording 
and verifying the location of earthworks adjacent to 
the railway line, noting any faults and giving them a 
condition score; Serviceable, Marginal or Poor. 

Solution 
The GISmo product provides a mobile solution.  
Data are collected electronically at source and 
associated with the relevant structure using GPS.  
Photographs of the faults are also captured. 

This data is then synchronised with a central 
database which is used to proactively plan 
maintenance and inspections of the earthwork 
assets. 

Costs 
The total implementation cost for this mobile 
computing solution was £70,000.  The key areas of 
expenditure were: 

• Software development (inc. testing) 
• Equipping the examination teams 

Benefits 
GISmo has reduced the time taken to undertake 
earthworks examinations.  This has resulted in a 
70% cost saving for Network Rail. 

The contractors can also see the benefit of using 
the system as it reduces double handling of data 
and enables them to provide more accurate fault 
condition reports. 
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Business Benefits 
Costs 

Set-up costs have been reduced from £1,100 per 
route mile with the paper based system to £350 per 
route mile using GISmo.  This is due to the ability to 
‘walk the line’ rather than jump between each 
earthwork location. 

Appropriate targeted planning of renewals enables 
significant increased efficiency and costs savings 
when compared to emergency, reactive works. 

Time 

Network Rail have found that the examination team 
are able to cover on average 2 route miles a day as 
opposed to 1½  using the old paper based system. 

The examination team no longer have to rewrite their 
field notes prior to sending them to Network Rail who 
then used to have to enter these manually into the 
database.  Instead the data are collected electronically 
at source, providing a consistent dataset, avoiding 
double handling.  The data can then be easily 
synchronised with the central database. 

The examination team can identify where they have 
already conducted their examinations, hence 
monitoring progress is automated.  As all historical 
examinations are stored in the system work 
undertaken in previous years is readily identifiable.  In 
this case it resulted in the team not having to redo 22 
route miles unnecessarily. 

The devices store and display mapping for the 
inspection areas, therefore paper maps are not carried 
by the examination team.  If work is finished ahead of 
schedule an examiner can proceed with the next 
element of planned work since all the data required 
are immediately accessible. 

GISmo can be used in all weather conditions unlike 
paper which would be ruined in the rain or blown 
around.  Less dexterity is required to use GISmo as 
opposed to pen and paper therefore it is easier to 
continue work when your hands are cold. 

Quality 

GISmo automatically prompts the user to record 
everything required for a fault, this means that if they 
forget something (e.g. to take a photo) they are unable 
to move on to the next structure. 

Network Rail now receives data from the examinations 
team on a weekly basis rather than at the end of a four 
month inspection.  This enables Network Rail to plan 
their workload accordingly and identify and rectify any 
inconsistencies with the condition scores.  The 
examination team can be notified immediately if this 
arises resulting in better quality control of the 
assessment procedures. 

The electronic system enables Network Rail to 
proactively manage their earthworks’ maintenance.  
Data can easily be ranked by condition enabling the 
identification of all ‘poor’ earthworks, including their 
location.  A maintenance team can then be instructed 
to rectify groups of faults in a single pass. 

The GPS system provides more accurate location data 
enabling the examiner to know immediately where 
they are.  These location data are recorded 
automatically rather than having to measure the 
distance the examiner is from the nearest mile post.  
Not only does this save time it also provides a more 
accurate picture to Network Rail enabling the 
maintenance team to go out to the same location to fix 
the reported fault. 

The examiner is required to record photographs of the 
structure/fault enabling Network Rail to verify the 
condition and to better understand the maintenance 
required.  This saves the Regional Geotechnical 
Engineer having to visit site.  The photographs are 
also used in subsequent examinations to compare the 
current status of the fault with previous records. 

The GIS system provides a graphical view of the data 
collected which is more intuitive to understand than 
reams of numbers. 

Return on Investment 

Initially, Network Rail was looking for a return on their 
investment during the second year of usage of GISmo.  
This was projected on an estimated saving of 30%.  
However, they were pleasantly surprised when the 
savings were in the region of 70% which meant they 
broke even in the first year of usage. 
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Champion 

David Anderson, the Regional Earthworks and 
Drainage Engineer for Network Rail, was introduced to 
JBA Consulting late in 2000.  He was keen to find a 
more efficient way of recording and managing their 
earthworks asset data. 

David became the champion for the introduction of 
GISmo and took an active role in its development. 

Implementation Team 

The implementation team included the Regional 
Earthworks and Drainage Engineer (NR), Regional 
Geotechnical Engineer (NR), and the software 
development team (JBA). 

The Regional Geotechnical Engineer is responsible for 
the training and the day to day liaison with the 
examination team. 

The software development team undertook extensive 
site testing with Network Rail and provide a support 
phone line for technical queries from the examination 
team. 

Implementation Timescale 
Network Rail started to investigate the possibility of 
using mobile computers for earthworks examinations 
in mid 2000. 

A pilot study was commissioned in September 2002 to 
confirm that the proposed approach was practical and 
realistic.  Network Rail and JBA were satisfied that the 
approach was workable and towards the end of 2002 
Network Rail incorporated a couple of days site testing 
with those consultants that were bidding for the 
examination work.  This produced useful feedback to 
the software development team and generated 
improvements to GISmo that were introduced to the 
application before it went live in January 2003. 

Further developments were requested following the 
first season’s use.  These were developed during 
November and December 2003 with the application 
being rolled out in January 2004 for the second 
season’s assessments, following a second session of 
site testing and feedback from the consultants. 

Training 

Training for the first years’ assessments was 
undertaken jointly by Network Rail and JBA.  In the 
second year the examination team were trained on 
site by the Regional Geotechnical Engineer (NR).  
They received three days training in the use of GISmo 
and also the geotechnical aspects of how to record 
faults. 

This training included backup procedures, which are 
scheduled through GISmo on a daily and weekly cycle 
in order to ensure the data security as far as practical. 

All training was conducted in the field and each 
examiner also received a copy of the GISmo User 
Manual. 

Each week the examination team meets to discuss 
their work and any difficulties they have experienced.  
This provides valuable help/support for using GISmo.  
They also have a support telephone line provided by 
JBA Consulting. 
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Technology Usage 
 

Team tasks 

The engineers work in pairs walking the line in 
opposite directions as they are required to be at 
least 20 meters away from each other to comply 
with safety legislation. 

All earthworks structures greater than 2m in 
height or less than 2m where the examiner 
believes that a defect exists, are recorded and 
assessed in accordance with Network rail 
standards.  The examiner has to record at least 
one condition, fault, dimension and photograph 
for every earthworks structure. 

 

 
Technology usage 

The team are using GISmo instead of a paper 
form and pencil.  The information that they are 
required to record is presented to them as a 
series of electronic forms with automatic entry of 
time and date and dropdown lists of the 
acceptable responses to choose from.  This 
ensures consistency. 

In addition location data is automatically 
provided and recorded through the use of GPS 
and converted to Network Rail location units in 
terms of ELR and mileage yards. 

 

 

 
Why employ this technology? 

The old system used walkover survey sheets 
like the one on the left.  This could be time 
consuming in the field and also gave scope for 
significant error resulting from misreading the 
writing whilst subsequently reviewing the 
returned sheets. 

Network Rail was aware that an electronic 
solution was required in order to manage the 
data collected more effectively and could see 
the benefits, of replacing the paper based 
system, both in the office and in the field. 
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Implementation Costs 

How much did it cost to implement this solution? 
 

 
Description 

 
Notes 

 
Cost 

Up front investigation costs 
 

Regional Earthworks and Drainage 
Engineer (1 day) 

£250 

The mobile computing devices Includes; iPaq and peripherals, Armor 
casing, PCMCIA hard disk, GPS 
receiver and digital camera. 

£1,000 per device 

The software application Intellectual Property for the software 
application (mobile and desktop) is 
owned by Network Rail hence there is 
no licence fee only development costs. 
However, an additional application; 
MapInfo’s MapX mobile mapping 
component for Pocket PCs needs to be 
purchased for each device. 

£50,000 
 
 
 
£250 per licence/device/year 

The communications infrastructure N/A £0 

The data storage system SD Cards (2 per device required). 
Network Rail laptop with database on. 

£65 per device 
£1,800 

Consultancy service costs Provided by the software developer 
alongside the development of the 
application. 

£0 

Site installation costs N/A £0 

Personnel training costs Two weeks of management time 
(includes geotechnical training). 

£2,000/year 

Staff costs Regional Geotechnical Engineer 
Regional Earthworks and Drainage 
Engineer 
Input to development (1/2 day/fortnight) 

£2,700 

Support costs Support contract with software 
developer. 

£2,000/year 

Other costs N/A £0 

Total Per examination team (8 engineers) 
Upfront cost 

£15,000 
£55,000 = £70,000 

Costs 
The initial costs for developing the system and 
purchasing the required equipment were £55,000.  
This can be spread across the number of 
examinations that take place; typically two teams of 
eight each year.  The examinations will continue to 
take place every year for the foreseeable future. 

For each examination team the costs will be 
£15,000, this includes training and the purchase of 
the equipment required.  Although it is possible to 
reuse this equipment the following year typically the 
devices will undergo extreme usage and there will 
be a faster version available the next year.  Hence 
this is included as an ongoing cost. 
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Earthworks assessment team Network Rail
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Travel back to 
office

Completed 
walkover 
survey 
sheets

Rewrite walkover 
survey sheets 

neatly and send 
to Network Rail

Neat 
walkover 
survey 
sheets

Receive walkover 
survey sheets 

and update 
spreadsheet

Note scoresFile walkover 
survey sheets Poor

Marginal

Measure location 
of earthworks

Updated 
spreadsheet 
summarising 

results

Walkover 
details

Team on 
site

Team in 
office

Team in 
office

Received 
walkover 
survey 
sheets

Filed 
walkover 
survey 
sheets

Serviceable

Renewal 
required, 
re-inspect 
in 1 year
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Relevant 
walkover 
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Calculated 
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height

Calculate height 
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Complete 
walkover survey 

sheet

Handwritten Computer file

Printed (with handwriting) Other

 

Original Business Process 

The earthworks assessment team received blank walkover survey sheets and details of the inspections to 
be performed including mileage and chainage details.  Each engineer then assessed the earthworks on 
foot accompanied by a site safety team.  A walkover survey sheet was completed for each 10 chain length 
of earthworks.  The location of the earthworks had to be measured out using the nearest marker post and 
the height of the earthworks calculated. 
The team then returned to the office where they rewrote survey sheets that were illegible and then these 
were sent by post at the end of each month to Network Rail.  Network Rail then input the score information 
into their spreadsheet and filed the paper copies away.  The earthworks renewal engineer and the 
earthworks maintenance engineer are then alerted to any sites assessed as poor or marginal they then 
find the relevant walkover survey sheet in the files and plan remedial action. 
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Earthworks assessment team Network Rail
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Printed (with handwriting) Other

 

New Business Process 

The earthworks assessment team have the GISmo software on a PDA which provides forms for collecting 
the survey data.  Details of the inspections to be performed including mileage and chainage details are still 
provided on paper.  Each engineer then assesses the earthworks on foot completing a walkover survey 
record every 100m.  The location of the record is automatically provided by the GPS position data and the 
height of the earthworks also calculated automatically.  Digital photographs are also taken. 
The team back up and download the data collected to SD cards which are sent by post at the end of each 
week to Network Rail.  This can be undertaken from remote locations if necessary.  Network Rail then 
download all of the data to their database.  The earthworks renewal engineer and the earthworks 
maintenance engineer are alerted to any sites assessed as poor or marginal they then look up the relevant 
walkover survey data and plan remedial action. 



 

Sponsored by the Department of Trade and Industry  
 

C
as

e 
S

tu
dy

 1
 

 
 

Lessons Learnt 
People 
As Network Rail were the client for the work being 
undertaken they provided the application that the 
consultants undertaking the assessments were 
required to use.  Network Rail also involved the 
consultants in the development process thus 
speeding up the buy-in process. 

The earthworks assessment team thought that they 
could have had more training specific to using the 
GISmo application.  They would have liked to have 
a training session provided by the software 
developer, in the form of a presentation indoors 
rather than learning out in the field.  They felt this 
would have increased their productivity in the field. 

The earthworks assessment team would have liked 
more direct contact with the software developer, and 
perhaps taken them out on site for the day so that 
they could see the application in use. 

Although the software developer made use of a 
local disused section of track for testing purposes, it 
was not feasible to test for extend periods of time.  
The feedback from users is therefore very useful 
and direct contact with users and site usage would 
have been beneficial. 

The team using the solution were aware that the 
skills they were learning would be applicable to 
future projects as the usage of mobile technologies 
become more common; they saw this as a valuable 
transferable skill. 

Process 
Network Rail believed that they should have had 
better control mechanisms in place whilst the 
application was being developed, records of 
changes to the programme should have been kept 
and communication would have been aided through 
the use of screenshots. 

The time taken to purchase the hardware required 
and get it all set up was much longer than expected 
and ended up delaying the project by a few weeks. 

Technology 
Examinations are frequently undertaken in remote 
areas of the country.  The direct use of wireless 
technology was considered inappropriate for this 
reason.  In addition to this, large volumes of 

mapping and examinations data were required to be 
available whilst an examination takes place.  Hence 
data are stored locally and backed up for return to a 
central location. 

The application should be developed to be as 
flexible as possible such that the earthworks 
assessment team can still record observations that 
are out of the ordinary. 

Thought should be given for future uses of the 
application such that it can be easily adjusted to be 
used to monitor different assets. 

It would be beneficial to associate the digital 
photograph directly with the record whilst in the 
field.  This would save time spent back in the office 
correlating the data and would also help to avoid 
mistakes in associating the right photograph with 
the right record. 

The application was still in development to some 
extent and the earthworks assessment team came 
across several bugs, this held them up in the field.   
They would have liked to have been made more 
aware of the potential software/hardware bugs and 
issues. 

What Next? 
The system has proved so successful in the London 
and NE region that they are now beginning to use it 
the East Anglia and Midlands regions. 

Steve Hall, Regional Geotechnical Engineer, 
explained that now they have set it up for 
Earthworks Examinations the same principle can be 
applied to any other asset inventory task.   

Hence, they are looking at customising GISmo to be 
used for monitoring the condition of their drainage 
assets next year. 

Details for further investigation 
Client: 
Steve Hall, Network Rail 
[stephen.hall@networkrail.co.uk] 

User: 
Gerard Studds, Arup 
[gerard.studds@arup.com] 

Software Provider: 
Andrew Gubbin, JBA Consulting 
[andrew.gubbin@jbaconsulting.co.uk] 
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Technology Overview 

 

 
Mobile computing device 

The device adopted for use is the HP (iPaq) 
H5550 Pocket PC but you could use any device 
using the Pocket PC platform. 

In addition the Otter Products Armor 3600 
provides a rugged casing to protect the device 
in site conditions. 

 

 
Software application 

The GISmo application was developed by JBA 
Consulting.  It provides access to a 
comprehensive Geographical Information 
System (GIS) via Pocket PCs. 

The application is developed in C++ and 
mapping functionality is provided using 
MapInfo’s MapX mobile. 

 

 
Communications infrastructure 

Due to the remote locations of the examinations 
the only live data transmission that occurs in the 
field is the usage of GPS.  The GPS location 
information is used to centre the map on the 
user’s location and to associate any fault record 
with their exact location. 

Data are synchronised from the SD card to the 
database when returned to the Network Rail 
offices. 

 

 
Data storage system 

Data are stored directly onto a PCMCIA card.  
This is a standard hard disk and data will not be 
lost from it when the iPaq batteries run out. 

On a daily basis the data from the iPaq 
PCMCIA card is combined with the data from 
the digital camera onto an SD card which is 
then sent to Network Rail weekly. 
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The COMIT Project 

COMIT, Construction Opportunities for Mobile IT, is a two-year research and development project part-
funded by the Department of Trade and Industry.  Led by Arup, in partnership with BSRIA and 
Loughborough University, the project brings together representatives from construction, technology, 
research and dissemination organisations to facilitate the realisation of business benefits from the adoption 
of mobile information and communication technologies. 

Key Objectives 

• Creation and running of the COMIT community. 
• Mapping of information and communication needs of point-of-activity workers. 
• Production of case study material, including detailed factual business benefits and implementation 

guidance. 
• Implementation of mobile IT on two demonstration projects, in order to evaluate the benefits and 

barriers successes and failures. 
• Continuation of the development of community activities in conjunction with the ITCF. 

 
 

COMIT Case Studies 

This report provides an overview of the use of mobile communication technologies on a construction project.  
It is one of a series of case studies that have been conducted as part of the COMIT project to show real 
examples of implemented applications. 

The case studies illustrate several mobile technologies and how the companies have improved work 
processes.  An overview is given of vital information such as who championed the changes, how much they 
cost and what business improvements were gained.  To gain a full insight, both the staff using the 
technologies and their managers were interviewed. 
 

 

How do I find out more? 

In addition to the contact details provided in this case study you can use the Information hub available on 
the COMIT website (www.comitproject.org.uk).  The relevant details can be found by selecting: 

Process Asset management 
User Consultants, Inspectors 
Software Data capture 
Hardware Palmtop/PDA 
Infrastructure GPS 
 

 

Disclaimer 

No part of this report may be reproduced or transmitted in any form or by any means without first acknowledging in writing 
on the face of the document the authorship of Arup and COMIT. 
This report was prepared by Arup on behalf of the DTI in connection with COMIT.  It takes into account our client's 
particular instructions and requirements and addresses their priorities at the time.  This report was not intended for, and 
should not be relied on by, any third party and no responsibility is undertaken to any third party in relation to it. 
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Produced in association with: 

Further details can be obtained from: 
Sarah Bowden sarah.bowden@arup.com 
Arup www.comitproject.org.uk  
13 Fitzroy Street 
London W1T 4BQ 
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