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Background — Scott Wilson Trackbed Technology

Scott Wilson international Consultants in the built environment

Offices around the world including Brisbane and Sydnery but majority
in the UK - Traditionally Roads and Rail

Transferable Skills and Technology from “Pavement Engineering” to
Rail Trackbeds — links with University of Nottingham

Scott Wilson started work on trackbed around 15 years ago, with Dr
Phil Sharpe (ex-BR research)

In the last 10 years have built on this experience and built a strong
team with dedicated laboratory and contracting arms , providing 1 stop
shop:

National Framework Contract Network Rail
Frameworks with LuL
Work on major projects with SWR (includes Crossrail)

International works
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Purpose - Trackbed %

Resist Vertical, Lateral and Longitudinal Forces to retain the track in its
required position
Where the P-way Engineers want it

Reduce the pressures from the rail and sleeper to acceptable stress
levels for the underlying material

For the Geotechnical Engineers
The ballast also:
Provides immediate drainage for water falling onto the track

Provides voids for fouling material (from a variety of sources) to
be stored — a natural occurrence in the life cycle of the trackbed

Facilitates the maintenance of track geometry through
mechanical techniques (tamping) or by packing (by hand or stone
blowing)
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Purpose — Examples of Trackbed Failure
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Purpose — Trackbed Investigation

To understand how the trackbed has or (more importantly) will fail
Delineate the existing trackbed and underlying materials
Understand the material properties
Establish the drainage conditions at the site
Understand and take into account all external factors
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Purpose — Trackbed Investigation

DESK STUDY (SITE HISTORY, LINE SPEED, ROUTE TONNAGE , WALKOVER, ASSET REGISTER)

MATERIAL DEEPER
THICKNESS VARIATION OF SEATED STIFFNESS MATERIAL
(Point Location) THICKNESS PROPERTIES VARIATION PROPERTIES
S
Ballast
t I g Ep Uc, LAA, MDA,
Formation S 3 b NAT, Waste Cat
Level
Subballast
Water
Level
Subgrade
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Techniques for Investigation

Desk Study
Track History — maintenance records
Geology
Including analysis of track quality records
Video Survey
High Speed GPR (if available)
Previous Investigations (if available)
Preliminary Investigation
Walkover Survey
Non-Intrusive Techniques
Detailed Investigation
Intrusive Techniques
Detailed Specialist Investigations

Investigation of.....

. . Route
ingle Si )
Sl Sl Evaluation
Desk Study Desk Study

Preliminary Site

Preliminary Route
Investigation:

Investigation Mixed use, Freight,

Passenger routes

Detailed Targeted detailed
Investigation Investigation

Post Renewal Audit

Route Strategy -
e.g. Ballast
Cleaning Sites /
Routes
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Preliminary Investigation - Non Intrusive

GPR most commonly used in UK
High Speed (train mounted)
Hand Held

Provides excellent continuous “picture” of what is happening
beneath the ground

Needs a trained and experienced eye for proper interpretation
Needs to be calibrated with intrusive site data

Other Geophysical techniques
Specialist non-intrusive testing
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Preliminary Investigation - GPR
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Geophysics a useful tool but always substantiate with desk study / visual
/ ground truth where possible
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Detailed Investigation — Trial Pits / trenches

Traditionally used across the network, but
certain disadvantages:

Labour intensive and slow

Sampling of ballast rarely
representative

Cannot sample effectively below
water table

Requires trained geotechnical
engineer on site

No investigation between pits -
sometimes up to 200m apart
Logging/photography difficult in
wet weather/at night
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Automatic Ballast Sampling

Detailed Investigation —

fgoL)ug - op gy

fypal wig - 67 Ay

0wy - 22 o9y

T

fgagh wla - Q17 3aY P
=
L
gzg) wig - 09z 3gv St LT
ggph wig - sz 33 L
M
L I —
kbl wLg - M2 3y S [ ]
f50p WL - M 5V R
¥ = g o=
] 3 7]
gz wig -2z eay Wi
4 2 EH_H__ =
fggzl wyg - 02 sy i G ] o
- - - - .m .—m._
figag) wig - 002 34 _ 2 I a
B
gzl Wy - Ogl 33y L R
5 2ne 2
c L BT ED
z R
5 5 rgDi
oo el2EL
g i i piE
g £ 30000
m.m E O Fa_Iwm
m = oOLooQ
o Lu] un} = ('} -1 ] un] [ ™ =t ]

(W) [paa ey funsxg mojag yidag

OO00000O0O0O0O00O0000ooooaoooond



Detailed Investigation - Combined GPR and ABS
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Detailed Specialist Investigations

May be a requirement of the site related problems that more detail is
required:

Stiffness Problems — maybe variable support
Critical Velocity Problems — line speed increases proposed
Maintenance Liability sites — nothing seems to work

Sites with seasonal problems, including drainage issues — stand
pipe monitoring is possible in ABS holes

Early renewal failure
Trial sites for new materials
Enhancement jobs

Sites where the desk study or preliminary investigations flag up
wider issues — e.g. Transitions to underbridge decks
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Detailed Specialist Investigations - FWD
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Detailed specialist investigations - FWD
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Detailed specialist investigations - FWD
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Deflection - Microns
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Critical Velocity Measurement:

Measure time history of
ground deflection vs load

Calculate Natural Ground
Wave Speed

Plot ground wave values
throughout site / route

Line speed must be limited to
70% Vc to avoid dynamic
interaction occurring

Studied over 70km of track in
Southern Ireland
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Detailed specialist investigations - TRE

Very Poor Quality Track

N Poor Track Quality
Adequate Track Quality

Good Track Quality

Track Length, Miles

*= Poor Formation and Drainage
® Poor Formation -
® Poor Formation Improved by Stone Blower/Track Lifting
Dirty Ballast, Poor Drainage
Dirty Ballast -
Dirty Ballast improved by Stone Blower/Track Lifting
Other cause, e.g. viaduct, S&C, Earthwork Instability
® No Apparent Trackbed Problems -
No Apparent Trackbed Problem but Stone Blower/Track Lifting used
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UK approach — robust / consistent process

Network Rails Efficiency drive......
Thorough Investigations are still key

“If you don’t pay for the investigations up front, you will
most likely pay for them in the future”

More effort up front and in good time ultimately reduces risk and
Improves projects
National Trackbed team set up to stop individuals and territories

“doing it their way”, and not undertaking the correct level (if any)
Investigations
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UK approach — robust / consistent process

All investigations scoped through this central team

Has now been in place for 3 years allowing us to get ahead
Currently looking at sites to be renewed in 2012

Better / earlier understanding of trackbed requirements mean
that materials and train paths can be booked much sooner

Track bed design enhances effectiveness of major
renewals by 20% (mainly through averting early fail ure)

2009/10 Network Rail will spend £800M on MP&lI track

Therefore potential savings / reinvestment from tra ck bed
design ~ £160M p.a.
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Case Studies — Track Enhancement

Design for.....

Enhancement of existing track

/-\ |
New Build : Traffic / /Galuge\
Line Speed
. Tonnage Clearance
increase
/ Increase /N_ Increase :

(emediation

of problem
sites

Trent Valley 4 Tracking
4 tracking of 14 miles of WCML

Line Speed / Tonnage increases Layer Sutabilty o

New track — new embankments / cuttings | === | L |« | it | o

Re-aligned old track — vertical and o
horizontal alignment omaton | gy | mosmeman | SIS | v

lifting tarckbed to

Upgraded old track Subgrade
Transitions at old and new structures

Associated Potential

Multidisciplinary project with SWR / anengand | toatng | “deanceans | improvement | eusing.
. . therefore methods anketing
Geotechnics / Bridges etc... rackbed materils
Scott Wilson involved from feasibility Sifness Effecton recton | Lo
. . - . Improvement / Transition structur_es/_ struc_tures_/ relative to
Detailed Design  Advising during S I R
construction (some last minute changes)

Variable

Support at

Structures /

Transitions
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Case Studies — Track Enhancement

Trent Valley 4 Tracking

New track — new
embankments / cuttings

Transitions at old and
new structures

Advice on site during
construction
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Case Studies — Route Evaluations

High Output Ballast Cleaning (HOBC)

Desk Study, taking into account as built records, renewals
records, maintenance records etc.....

Preliminary Investigation using GPR, walkover survey and
structures record

Targeting of intrusive investigation using ABS and trial pits to
compare representative sampling methods

Targeting of structural trial holes for assessing clearance
limitations to ballast cleaner and cutting bar

Materials testing and analysis of results to prepare route
strategy for ballast cleaning

Route
Evaluation

Desk Study

Preliminary
Route
Investigation:

Mixed use,
Freight,
Passenger
routes

Targeted
detailed
Investigation

Route Strategy
- e.g. Ballast
Cleaning Sites /
Routes
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Case Studies — Track Enhancement

HOBC — East Coast Mainline i Materials testing.....
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Future Developments

Ongoing Developments
Improved Investigation techniques

2 GHz High Speed GPR — 3 month trial (wavelength
comparable with ballast particle size)

Better representative samples (Ballast Vacuum)

Deeper investigations with trolley mounted kit
Geosythetic Developments

Replacements for sand blankets (easier / quicker to install)

Better understanding of geogrids (including triangular mesh)
Modelling

Ballast Settlement

Ballast Deterioration
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Summary

Trackbed Investigation and Design is an important discipline linking P-way
and Geotechnics

There are a range of tracked failure mechanisms
There are a range of site investigation methodologies available
Geophysics is a useful tool but must be calibrated

Must be planned according to the perceived failure mechanisms / design
scope

The importance of this type of work is now well recognised in the UK and
started to be embedded in the renewals process

There are potentially huge savings to be made, especially if route based
strategies are adopted

There is still more development work to be done and we are always learning
May be examples of where Australia can learn from UK’s past experiences
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For further information please contact:

Mark Roome

Scott Wilson

Level 2, Leighton Building
143 Coronation Drive
Milton

Brisbane, QLD 4064

T: +61 7 3025 3266
M: +61 449 225 284
mark.roome@scottwilson.com
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