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ELR
HSE
HMRI
KE
Kri
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LSE
LSSG
LSVG
NGD

OLE
ORR

R

RGS
RGGN
RSSB
SVG
VIS SIC

Above Rail Level (measured perpendicularly to the plane of the rails, from
the track centre line)

Cant Deficiency

Cant Excess

Engineers Line Reference

Health and Safety Executive

Her Majesty’s Railway Inspectorate
Kinematic Envelope

Co-efficient used to calculate overthrow towards the centre of the curve
(see GE/RT8073)

Co-efficient used to calculate overthrow towards the outside of the curve
(see GE/RT8073)

Limiting Space Envelope
Lower Sector Structure Gauge (see Appendix 1 GC/RT5212)
Lower Sector Vehicle Gauge

The Network Rail National Gauging Database. An asset register, containing
measured structure profiles for the majority of the British railway network

Overhead Line Equipment
Office of Rail Regulation

Curve Radius in metres

Railway Group Standards
Railway Group Guidance Note
Rail Safety and Standards Board
Suburban Vehicle Gauge

Vehicle/Structures System Interface Committee
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Nikhil Kapur
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Alan Walters
Tim Fuller
David Johnson
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Definitions

ClearRoute™

HyperRoute™

Profile(s)

Plane of Rails
Sixfoot
Speed Restriction

Structures

Structure Clearance

Substandard

Survey Anomalies

Swept Envelope

A software tool, developed by Laser Rail Technologies, a division of Balfour
Beatty Rail Technologies Ltd, used to perform a full range of Railway
Gauging calculations.

HyperRoute is a high speed analysis tool designed for large scale gauging
assessment projects. It has been developed by Laser Rail Technologies
(part of Balfour Beatty Rail Technologies) based upon the basic principles
of ClearRoute but using improved methods to gain quicker, more accurate
clearance approximations.

Profiles are two dimensional cross sections of infrastructure surveyed and
stored on the NGD, generally every 5m. Profiles are grouped together to
form structures (e.g. platforms, tunnels, bridges).

Profile may also be used to describe the cross section of a rail vehicle
taken perpendicular to the running rails.

An imaginary surface coplanar with the top of both rails of a track.
The measured interval or spacing between two adjacent tracks.
A reduced line speed required at a specific location or section of track.

A number of surveyed “profiles” that represent a single structure on the GB
Rail Network (e.g. Tunnel, Bridge, Platform). Structures are associated with
tracks, so where structures span more than one track e.g. Up and Down
Main, each track is assigned a separate structure.

The calculated clearance between lineside structure and vehicle swept
envelope taking account of appropriate track tolerances and accuracy of
survey measurement.

Structures or Profiles reporting clearances less than “Normal” as defined in
GC/RT5212. These also include “Foul” locations where a vehicle may
infringe the infrastructure under certain conditions.

Individual measured structure profile where it is determined that a potential
error may exist in the file that as a result may not be representative of the
actual structure. The anomaly may be associated with suspect track
geometry or rogue points (profile coordinates) captured by the
measurement system.

A Cross Sectional profile, taken at right angles to the track, enclosing all
dynamic movement, static deflections and overthrows of all points along the
surface of the vehicle, that can be reasonably expected to occur under the
appropriate range of operating conditions.
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Executive Summary

This report contains the specification, modelling and analysis of a 22.96m width and height
reduced Suburban Vehicle Gauge (SVG) defined using the 20.38m SVG-3, adjusted in the solebar
area to match the turbostar. Figure 1 demonstrates the revised 22.96m width and height reduced
SVG Static Profile.

I
Width Reduced SVG
22.96m Length 2000mm AR
Siallo—o~ 16m Bogie Centres
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n
D
Gauge A (32}
Lower Sector
Structure Gauge
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\/\ / | 1100mm ARL
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Specific Suburb
Pilj:tfonn Fuoot:st:: = 1325 === 9
Gauge i

- 1372 -
lﬂ. l ' ‘ Rail Level

Figure 1 — Revised 22.96m Semi-Width Reduced Suburban Vehicle Gauge

The model of the 22.96m SVG was analysed on the entire Great British Rail Network with the
following conclusions and recommendations.

The 22.96m SVG reports better clearances than the 20.38m SVG in the vast majority of
cases, likely the result of the difference in curve overthrow due to the width reduction. This
suggests that there may be scope for improvement in the 23m vehicle gauge.

The enlargement of the 22.96m SVG in the solebar area does not appear to have had a
significant effect on the number of Exception Structures when comparing with 20.38m SVG.
This is also likely as a result of the width reduction.

The 22.96m End Door configuration reports slightly better clearances than the 1/3, 2/3
configuration. This is likely due to the removal of the footstep gauge located at the centre.

The maijority of exception structures occur against structures identified as containing
vegetation.

The majority of exception structures occur on routes where it is likely that 23m vehicles will
operate.

If the 22.96m SVG specified in this report is proposed for Railway Group Standards it is
recommended the Exception Structures are subject to further investigation.

It should be noted that the 22.96m SVG established from the 20.38m SVG may be sub-optimal as
the original SVG-3 was optimised based upon structure clearances derived for a 20m vehicle. It is
therefore also a recommendation of this report that a fully optimised 23m vehicle gauge is
established using the KE Template methodology used to define the original SVG.
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1 Introduction

This report relates to variation work in the development of a Suburban Vehicle Gauge (the Project
“T978-01") as requested by the Rail Safety and Standards Board (RSSB, the Client) on behalf of
the Vehicle Structures Systems Interface Committee (V/S SIC).

2 Background

In May 2013 Balfour Beatty Rail published the results of a research and development project
(T978) to define the Suburban Vehicle Gauge (SVG)®. This SVG defined in this report is based
upon a specific set of “suburban” routes and a 20.38m long vehicle with 14.173 bogie centres.

In September 2013 a variation was undertaken to produce a specification for a 23m width reduced
SVGH. The report was presented at the Vehicle/Structures System Interface Committee (V/S SIC)
with input from Bombardier Transportation.

—_—

21 (Feet offset from seat c/l)

95th %ile Male r
Foot Breadth |
|

23m SVG
Sag and Tolerance adjusted.

Figure 2 — 23m SVG and Turbostar Solebar Detail _
presented by Bombardier Transportation at V/S SIC meetingm

During this meeting the width reduced 23m SVG was widely discussed and a revised strategy for
Stage 3 agreed"”!, namely:

e Undertake clearance analysis of the Great British network using Turbostar sole bar area
detail overlaid onto developed 23m variant of suburban gauge.

¢ Identify which of the routes with exception structures currently see 23m traffic

This report contains details of the 23m SVG model and the results of the clearance analysis.

3 Project Methodology

This section provides an overview of the methodologies used to deliver the variation:
1. Specifying and Modelling of the 23m width reduced SVG with Turbostar solebar area detail
2. Analysis of the new 23m width SVG on Great British network (structures only)

3. ldentify which Exception Structures are subject to 23m vehicle traffic.
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3.1 Specifying a Width Reduced 23m Vehicle Gauge

3.1.1 Width Reducing the SVG

Section 8.5 of the 20.38m SVG report™ states “it is entirely possible to use the SVG to design a
23m vehicle by applying a width reduction formula to the gauge profile.”

BBRail used the 20.38m SVG (SVG-3)P to define an outline specification for a 23m vehicle with
16m bogie centres. The SVG was semi-width reduced by an amount equal to the difference in
curve overthrow calculated for a 20.38m and 23m vehicle on a 120m curve (minimum curve used
to derive SVG-3 based on the requirements for passing clearances on minimum track intervals.).

Displacement towards the inside of a horizontal curve was calculated using the formula®®:

2
a 2 p2 a2
dgi =R —b; - (E - ni) + |RP——F b; (Eq.1)

Displacement towards the outside of a horizontal curve was calculated using the formula®:

2

dga = (g+na)2+ RZ—%Z—C;—Z+ba ~R—b, (Eq. 2)
Where:

dg = Horizontal overthrow

R = Horizontal Radius (120m)

b = Semi width of SVG

a = Bogie Centres

n = Section distance from closest pivot

p = Bogie Wheelbase

(subscript) a outside of curve or

(subscript) i inside of curve

A summary of the calculated curve overthrow values for the inside and outside are included in
Table 1. Detailed calculations are provided in Appendix B.

Curve Overthrow (mm)

SVG-3
Curve Ov((zrtr;row TYPe 1 14.173m Bogie Centres 16&23?)622 ?:\énGtres Difference
g 20.38m length °
)

Inside 216.481 274.021 57.541
(dg;

oL 211.135 268.740 57.585
(dga)

Table 1 — Curve Overthrow Calculations Summary

The vehicle length was adjusted down to 22.96m to minimise the semi-width reduction, ensuring
the difference between inside throw and outside throw was approximately equal. Therefore to
establish a 22.96m gauge using the SVG-3 a semi-width reduction of 58mm was applied (116mm
across the vehicle), the difference between calculated curve overthrow on a 120m curve.
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3.1.2 Solebar Modifications

Using the width reduced SVG and a drawing provided by Bombardier, the shape of the 22.96m
was revised in the solebar area to follow the Turbostar Body as identified by Bombardier
Transportation and agreed by the Steering Group (see Figure 3 below)

Revised 23m SVG
As agreed with Steering Group

\ Turbostar Body

Previous 23m SVG

Figure 3 — Revised 23m SVG

3.1.3 Height Reducing the SVG

The SVG-3 maximum height™® was based upon the W6a maximum dynamic height reduced for a
500m vertical curve. W6a is based upon 12.8m bogie centres, SVG-3 14.173mm bogie centres
and 22.96m SVG 16m bogie centres, therefore a further vertical reduction is required equal to the
difference in vertical throw:

51.911mm vertical throw

14.173m bogie centres on 500m vertical curve
65.694mm vertical throw
13.783mm (rounded to 14mm)

The maximum height of the 22.96m SVG was therefore reduced by 14mm, see Figure 4 below.

16m bogie centres on 500m vertical curve

difference in vertical throw

Height Reduced SVG
SVG.3 22.96m Length
il 16m Bogie Centres

Figure 4 — Diagram Showing Height Reduction for 22.96m SVG

This 14mm vertical reduction was applied at roof height only, the height and shape of the bottom of
the 22.96m SVG and the associated footstep gauges were not changed vertically.
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3.1.4 Passenger Footstep Gauges

Both SVG footstep gauges have also been semi-width reduced to provide a 22.96m gauge line in
the solebar area specifically for the passenger footstep (shown in Figure 7):

o Gauge A: Lower Sector Structure Gauge Footstep Gauge
e Gauge B: Specific Suburban Platform Footstep Gauge

The semi-width reduction is based upon the inside throw difference at the centre of the vehicle
(58mm). The application of the gauges depends upon the door configuration required.

For typical '/5™, 2/5™ and three door configurations the footstep gauges are applied between the

bogie centres with an additional 1m allowance for footstep length (see Figure 5 below).

For end door only configurations the footstep positions of existing 23m vehicles were used as
guidance (Appendix C). The maximum centreline of step location reported from the BBRT vehicle
library is 10.550m from the vehicle centre line (Class 442). Therefore the maximum outboard
position of the end door gauge line was rounded up to allow for step length, 11m from the vehicle
centre line (3m from the nearest bogie). Figure 5 below also demonstrates the end door only
configuration, applied 3m out from the nearest bogie centre line.

20.38m

14.173m

1 s T

LTS, CIT LT ST LT TS TS AT LT LS TAT ST LT TS T LT ATTT LT LTTTTSTTTLT LT LTS TLTST LT TT TSI ST ST LTS TTTSSTITTS,
Platform Gauge Zone of Application
im ek soprosaintie)

16.173m

22.96m

16m

——L__—'—_ Width Reduced SVG _—L—{
1/3, 2/3 Footstep Configuration

LTSS, CILT LT TSI SIS TS LTSI LS TTITL LTSS ST LTSS TS L AT ST ST LTS LTS TTTTTT ST LTSS TS LTSI TSI TS TSI LTSS T TSI ST S
Plal i

tform Gauge Zone of Application
1m, {widtn nat reprosantatiee)
18m
22.96m
16m
—_L_{ Width Reduced SVG }{
End Footstep Configuration
Platform Gauge Zone Platform Gauge Zone
of Aoplicati of Applicati
¥ZZZZ 2277A | IS LIIIEISLE]

Figure 5 — Footstep Gauge Application Zones for SVG and 22.96m SVG

For '/5™, /5™ configuration both footstep gauge A and B is the same shape and dimensions as SVG
minus the 58mm reduction and SVG solebar modification (Section 3.1.2), as they are defined by
the worst case being the centre of the vehicle.

For the end footstep only configuration, centre steps are not applicable therefore the footstep may
be extended laterally to account for the difference in overthrow between the worst case 20.38m
inside throw and worst case 22.96m outside throw at 11m footstep position. Table 2 provides a
summary of the calculations.
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Curve Overthrow (mm)

SVG-3 P ea— 22.96m
CUR7E Ov(edrtr;row Type 14.173m Bogie Centres 16m 8202'%681%”65 16m Bogie Centres
9 20.38m length 9 11m from centre

Inside
216.481 274.021 -
(dgi)
CERE 211.135 268.740 224,392
(dgq)
224.392 — 216.481
Calculation Outside Throw of 22.96m — Inside Throw of 7.911mm

20.38m
Table 2 — End Step Lateral Adjustment Calculations Summary

Table 2 demonstrates that for the End Footstep only configuration the 22.96m reduced footstep
gauges can be moved further outwards by 8mm (in order to produce an equivalent overthrow to
the worst case 20.38m inside overthrow condition), as shown diagrammatically in Figure 6.

22.96m Adjusted
Suburban Vehicle Gauge |
Y~
22.96m Adjusted / Original 20.38m
Suburban Vehicle Gauge P SVG
1/3, 2/3 Footstep Gauges " '
8
s 22.96m Adjusted End Step

Only Footstep Gauges

Figure 6 — Diagrammatical Representation of Footstep Gauges for 22.96m Reduced SVG

Both footstep Gauge A and B were designed using geometry for a 20.38m vehicle, assumed to be
applied no further than 1m beyond the bogie centre (8.0865m). The semi-width reductions applied
will ensure clearances are maintained to the LSSG (Gauge A), however for the Specific Suburban
Platform Footstep Gauge (Gauge B) there may be additional clearance issues to resolve.

It is possible to design a footstep specifically to account for this change however this would involve
KE Template work which is outside the scope of this Variation.
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3.1.5 20.38m and 22.96m SVG Comparison

A comparison between the existing 20.38m SVG and the 22.96m reduced SVG is included in
Figure 7 below.

i e I’ g
//,/ N // \\.
( Existing SVG-3 [ Width Reduced SVG
I 20.38m Length - .’ 22.96m Length

14.173m Bogie Centres — Sutc = 16m Bogie Centres

3966
3952

1410 - | FecuenOnas | 1352

b

j 11

—

!
=g
~
r}‘\

Gauge B
1 383 - Specific Suburban = 1 325 - 8

1165
i

Platform Footstep
Gauge

- 1430 - - 1372 -

Rail Level
X X * X X
Figure 7 — Diagrammatical Representation of Width Reduced SVG for a 22.96m Vehicle

ey
[

Analysis of the new 22.96m semi-width reduced SVG gauge provides a gauge line identical to the
SVG-3 on a 120m horizontal curve (with the exception of the solebar) and 500m vertical curve. As
the horizontal radius increases the gap increases until on straight track the 22.96m SVG is 58mm
within the SVG-3. Table 3 and Table 4 provide a summary of the differences for the outside/inside
overthrow and semi-width for a range of horizontal curves from 120m — Om (straight).

Horizontal Curve Overthrow (mm)
Gauge Type

20m SVG Outside throw 211155 71.552 51.633 34.488 25.890 10.374 5.190
22.96m SVG Outside throw  268.740 91.080 65.725 43.901 32957 13.205 6.606 0
Overthrow Difference 57.585 19.529 14.093 9.413 7.067 2.831 1.416 0

Semi-width Difference -0.415 -38.471 -43.907 -48.587 -50.933 -55.169 -56.584 -58
Table 3 — Difference between the SVG vs 22.96m SVG Outside Throw for a range of curves

Horizontal Curve Overthrow (mm)
Gauge Type

20m SVG Inside throw 216.481 72102 51911 34606 25955 10.382 5.191
22.96m SVG Inside throw  274.021 91.248 65.694 43.795 32.846 13.138 6.569 0
Overthrow Difference 57.541 19.145 13.783  9.188 6.891 2.756 1.378 0
Semi-width Difference -0.459 -38.855 -44.217 -48.812 -51.109 -55.244 -56.622 -58
Table 4 — Difference between the SVG vs 22.96m SVG Inside Throw for a range of curves

It should also be noted that on any curves below 120m the 22.96m SVG will be outside the
envelope of the 20.38m SVG.
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3.2 Static Comparison with Existing 23m Vehicles

A static comparison was undertaken using the proposed 22.96m semi-width reduced SVG and
profiles taken from existing 23m vehicles identified in the original SVG report®™, namely Class 155,
156, 170, 220, 323 and Mark 3 (shown in Figure 8 and Figure 9).

__Mark 1

Class 156
Class 170
Class 220
Class 323
3952mm || 22.96m Width Reduced SVG

2704mm -/

T100mm ARL.

950mm

i 3

Figure 8 — Comparison of Static Profiles on Straight and Level Track,
22.96m Semi-Width Reduced SVG and Existing 23m Vehicle Body Profiles
| 1
|
Class 156 -1
i

/|| = Class 323

3300mm ARL __’I _TI Mark Il
22.96m Reduced Class 220 ——~{ /

SVG
lass 15¢ - 22.96m Reduced
SVG

| | Jp———Class 323

Class 170 -

\

Figure 9 — Zoomed in Static Comparison at Cantrail (3300mm ARL) (left) and Step (1100mm ARL) (right)

From comparison of the static profiles at the cantrail height (3300mm ARL) the 22.96m semi-width
reduced SVG appears to approximately match the existing comparator vehicles, with the exception
of the Class 155. At waist (2000mm ARL) and step height (1100mm ARL) the Class 323 exceeds
the SVG and other existing vehicle dramatically. In the solebar area (1100mm ARL) the reduced

SVG appears to be significantly less than existing vehicles, suggesting it may be limiting in this
area.
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3.2.1 22.96m SVG Model
Figure 10 demonstrates the revised 22.96m width and height reduced SVG Static Profile.

/' Width Reduced SVG |
2296[1‘] Length 3000mm ARL
Static —m— 16m Bogie Centres |
(9]
Tol
(@)
Gauge A ™
Lower Sector
Structure Gauge
Footstep Gauge - 13562 -
\X | J_A_"! l 1100mm ARL
Gauge B T
Specific Suburban
P‘I:':tform Footstep -~ 1325 = g
Gauge ~

| 1372 !
‘ ail Level
.l l Rail Level

Figure 10 — Revised 22.96m Semi-Width Reduced Suburban Vehicle Gauge

.

A revised 22.96m vehicle gauge model was produced. The vehicle was based upon a 22.96m
vehicle (above) with 16m bogie centres using the same movements defined in the Suburban
Gauge Dynamic Envelope!®. The revised model was given the reference LV-23mSVG-2 and held
on the HyperRoute vehicle database as a category 2 restricted vehicle. The model will not appear
upon the ClearRoute Vehicles CD unless requested so by the Client.

The model contains two different door configurations:

o 22.96m SVG with same door configuration as SVG (for 1/3, 2/3 and 1/2 door configuration)
(i.e. footstep gauge zone 1m outside of bogie centres)

o 22.96m SVG with end door only configuration

For each door configuration, two gauges are provided for use in the solebar area specifically for
the passenger footstep (described in Section 3.1.4):

e Gauge A: Lower Sector Structure Gauge Footstep Gauge

Conforming to the published Lower Sector Structure Gauge and to satisfy stepping
requirements of GM/RT2149™ to a standard platform 730mm, 915mm

e Gauge B: Specific Suburban Platform Footstep Gauge

Provides clearance to platforms specific for the published Suburban routes (with a number
of exceptions)

Following creation of the model, a short validation exercise was undertaken to ensure that the
model is behaving as required i.e. model sways and drops as per manual calculations.
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3.3 Analysis of the new 22.96m width SVG on Great British network.

Structure clearance analysis of the new 22.96m SVG model(s) was undertaken in accordance with
the specification provided in Appendix A. Separate analysis of both door configurations was
undertaken (end door only and 1/3, 2/3, doors). The assessment identified structural clearance
between the swept envelope of the 22.96m SVG models and the infrastructure data analysed.

A substandard clearance is defined in Railway Group Standard GC/RT5212!" as being less than
100mm for structures above 1100mm Above Rail Level (ARL) and less than 50mm for structures
below 1100mm ARL. Clearance bands will be set as defined in Figure 11, below:

LH RH

100mm Top Top
3300mm A.R.L

LH RH

100mm Upp Upp
3000mm A.R.L

LH RH

100mm Win Win
2000mm A.R.L

LH RH

100mm Low Low
1100mm A.R.L

LH RH

50mm Bot Bot

Figure 11- Location of Clearance Bands (GC/RT5212)

Due to the preliminary nature of this analysis, OMNICOM assessment of structure exceptions was
not included within the scope of this report.
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4 Results
4.1 Absolute Gauging Results

This section of the report presents the results of the absolute gauging analysis undertaken for the
22.96m SVG upon all Great Britain routes, including Suburban and Thameslink routes.

Analysis included suburban gauge dynamic movements!, relevant track fixity, survey tolerances
and wheel rail interface movements as detailed in Appendix A.

Table 5 and Table 6 provides a summary of the results

Number of Structures 22.96m SVG

_20-?2”1 S\;G (1/3, 2/3 Door Configuration)
Category | Definition '”glatp;’;g' e 05 06m SVG | 22:96m SVGincl | 22.96m SVG incl
Eaul eg Bbd onl LSSG Ftsp Specific Plat
9 y y Gauge A Ftsp Gauge B
Foul < 0mm 1466 958 2612 1028
Special >0mm
Reduced < 25mm 1103 459 2256 521
Reduced = Z3hii 2078 896 2339 1229
< 50mm
Normal 2 50mm 186641 188975 184081 188510
Total 191288 191288 191288 191288

Table 5 — 22.96m SVG Clearance Results Per Structure for July 2013 NGD 1/3, 2/3 Door Configuration

Number of Structures 22.96m SVG

_20-|32m S\]{G (End Door Only Configuration)
Category | Definition '”glatp;g' i€ 92 06m SVG | 22:96m SVGincl | 22.96m SVG incl
Gau eI:E’,) Bbd onl LSSG Ftsp Specific Plat
9 y y Gauge A Ftsp Gauge B
Foul < 0mm 1466 958 2641 1020
Special >0mm
Reduced < 25mm 1103 459 2297 552
Reduced Sl 2078 896 2353 1207
< 50mm
Normal = 50mm 186641 188975 183997 188509
Total 191288 191288 191288 191288

Table 6 — 22.96m SVG Clearance Results Per Structure for July 2013 NGD End Door Only Configuration

Any structure with a substandard clearance of greater than Omm (Special Reduced or Reduced)
are not deemed exceptions to the SVG but the management of clearances should be discussed
with Network Rail. A list of these structures is provided in Appendix E (1/3, 2/3 door configuration)
and Appendix G (End door configuration)

The Foul structures are listed as “Exception Structures” for which vehicles built to the 22.96m SVG
will not have operational clearance without further investigation. The list includes disused platforms
and lineside structures that will remain exceptions until the issues are formally closed out.

Each exception structure and ruling case plot is listed in in Appendix D (1/3, 2/3 door configuration)
and Appendix F (End door configuration) with a map demonstrating their geographical location in
Appendix H.
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Table 7 provides a breakdown of the Exception Structures for both door configurations. Categories
have also been taken from the OMNICOM study undertaken for the 20m SVG™.

Cateqor | 22.96m SVG 1/3, 2/3 22.96m SVG end
b doors, Ftsp Gauge B doors, Ftsp Gauge B

Total Exception Structures 1028 1020

Vegetation -703 -706
Fixable Exception/No

Action/Work already planned -3 1
Limiting Structure -7 -9
Resurvey -16 -16
Remaining Exception 242 298

Structures
Table 7 — Breakdown of Exception Structures for 22.96m SVG and Footstep Gauge B (specific)

Table 7 demonstrates that the vast majority of locations are identified as vegetation or
questionable data. The remaining Exception structures would require investigation should the
22.96m SVG and Footstep Gauge B be adopted for the rest of the Great Britain

4.2 Comparison with 23m Rolling Stock

Further study was undertaken to ascertain how many Exception structures have operational route
acceptance of 23m vehicles. The following list of current 23m Rolling Stock was taken from
Network Rail Vehicle Compendium.

e DMU: 153, 155, 156, 158, 159, 165, 166, 168, 170, 172, 172, 175, 180, 185, 220, 221, 222
e EMU: 323, 332, 333, 390, 442, 444
e Coaches: Mark 3 and Mark 4

Almost every exception structure analysed has a 23m vehicle permitted to operate. Further
analysis was therefore undertaken to consider what percentage of rolling stock permitted to
operate were 23m. Details of the analysis are included in Appendix I.

If more than 33% of all vehicles permitted to operate were 23m vehicles (listed above), the route
and exception structure was identified as a 23m route for the purpose of this exercise. Table 8
provides a breakdown considering the remaining Exception structures. Appendix D to Appendix G
provides detail of the 23m route acceptability of each substandard structure.

22.96m SVG 1/3, 2/3 doors, | 22:98m SVG end
Category eI OV P S, 22 BB1S: | doors, specific
specific step step

Remaining Exception

Structures 2 228
23m Route 146 135
Not 23m Route 96 93

Table 8 — Summary of 23m Rolling Stock Route Acceptance for Remaining Exception Structures
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5 Conclusions & Recommendations

The following conclusions and recommendations have been made as a result of the work
undertaken in this project:

The 22.96m SVG reports better clearances than the 20.38m SVG in the vast majority of
cases. This is likely the result of the difference in curve overthrow due to the width
reduction.

The enlargement of the 22.96m SVG in the solebar area does not appear to have had a
significant effect on the number of Exception Structures when comparing with 20.38m SVG
(including footstep gauges). This is likely as a result of the area being shadowed by the
footstep gauges.

The 22.96m SVG is comparable with existing 23m vehicle profiles at solebar and above
waist height (2000mm ARL). At waist height the 22.96m SVG is approximately 40mm
narrower than the Mark Ill Coach. It may be possible to increase the width if the minimum
applicable curve radius is increased (e.g. from 120m to 160m) or if a KE Template study is
undertaken. It is recommended that these areas are investigated.

The 22.96m End Door configuration reports slightly better clearances than the 1/3, 2/3
configuration. This is likely due to the removal of the footstep gauge located at the centre.

The majority of Exception structures occur against structures identified as containing
vegetation.

The majority of exception structures occur on routes where it is likely that 23m vehicles will
operate.

If the 22.96m SVG specified in this report is proposed for Railway Group Standards it is
recommended the Exception Structures are subject to further investigation. Investigation
should be similar to that carried out for the suburban SVG report including OMNICOM
assessment and desktop optioneering. The scope should only include those structure not
already reviewed as part of the 20.38m SVG study.

Any structures with Special Reduced or Reduced clearances reported to SVG are proposed
to be permitted for operation and their clearances managed by Network Rail, subject to an
agreement on the costs for possible enhanced maintenance and inspection regime to
maintain these clearances

It should be noted that 22.96m SVG established from the 20.38m SVG may be sub-optimal as
the original SVG-3 was optimised based upon structure clearances derived for a 20m vehicle. It
is therefore also a recommendation of this report that a fully optimised 23m vehicle gauge is
established using the KE Template methodology used to define the original SVG.
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Appendix A
Clearance Specification




Software

Infrastructure Data
Vehicle Models
Suspension Conditions
Speed

Transition Threshold
Cant Deficiency Peg

Track Tolerances

Vehicle Tolerances

Measurement Accuracy

Frequency of Monitoring

Structure Clearances

HyperRoute

July 2013 NGD

LV-23mSVG-2

Tare and Crush Inflated and Deflated

Current linespeed specified in the NGD

5m

350mm

The following Track Tolerances taken from RGS

GC/RT5212 were used depending on the track fixity held
within the NGD at each location:

Low Track Medium Track | High Track
Fixity Fixity Fixity
(Normal) (Tight) (Fixed)
Track Alignment 25mm 15mm Omm
Cross Level Error 10mm 7.5mm Omm
Track Lift 15mm 15mm Omm
Track Lower 10mm 10mm Omm

Vehicle Tolerances were applied in accordance with the
relevant vehicle model.

Applied in accordance with structure accuracy, taken from
NGD (not 3203 tolerances for consistency)

Not Applicable

100mm .If.gp T%?
3300mm A.R.L

LH RH

100mm Upp Upp
3000mm A.R.L

LH RH

100mm Win Win
2000mm A.R.L

LH RH

100mm Low Low
1100mm A.R.L

LH RH

50mm Bot Bot




Appendix B
Curve Overthrow Calculations
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20.38m Curve Overthrow Calculations (based on SVG-3)

Displacement towards the inside of a horizontal curve was calculated using the formula:

2

2 2 a2
i

a
dg; =R —b; — (——"i R

2

Displacement towards the outside of a horizontal curve was calculated using the formula:

2

a 2 a?
dg, = (—+na)+ Rz—p———+ba — R —b,

2 4 4
Where:
(subscript) a = outside of curve
(subscript)i = inside of curve
dg = Horizontal overthrow
R = Horizontal Radius (120m)
b = Semi width of SVG (1.410m)
a = Bogie Centres (14.173)
n = Section distance from closest pivot (n; = 7.0865m, n, = 3.1035m)
p = Bogie Wheelbase (2.6m)

Detailed calculations are outlined below

2
14.173 2 2.62 14.1732
dg; = 120 — 1.410 — ( - 7.0865) +| (1202 - —-———"—-1.410

dg; = 120 — 1.410 — /0 + (119.7835 — 1.410)2

dg; = 216.500mm

2

14.173 2 2.62  14.1732
dg, = ( > +3.1035> +| [1202 ——— 2 +1.410 ] —120—1.410

4

dgq = /(10.19)2 + (119.7835 + 1.410)? — 120 — 1.410

dg, = 211.135mm
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22.96m Long SVG Curve Overthrow Calculations

Displacement towards the inside of a horizontal curve was calculated using the formula:

2

2 2 a2
i

a
dg; =R —b; — (——"i R

2

Displacement towards the outside of a horizontal curve was calculated using the formula:

2

a 2 a?
dg, = (—+na)+ Rz—p———+ba — R —b,

2 4 4
Where:
(subscript) a = outside of curve
(subscript)i = inside of curve
dg = Horizontal overthrow
R = Horizontal Radius (120m)
b = Semi width of SVG (1.410m)
a = Bogie Centres (16.000)
n = Section distance from closest pivot (n; = 8m, n, = 3.48m)
p = Bogie Wheelbase (2.6m)

Detailed calculations are outlined below

2
16 2 2.62 162
dg; = 120 — 1.410 — (7— 8) +| 1202 — - 1 1.410

dg; = 120 — 1.410 — /0 + (119.7260 — 1.410)2

dg; = 216.4806mm

2
2

16 2.62 162
dg, = (7+ 3.48) +| [1202 === - == +1410 | —120-1410

dg, = /(11.48)? + (119.7260 + 1.410)% — 120 — 1.410

dg, = 268.740mm

(Eq.11)

(Eq.12)

(Eq.13)

(Eq.14)

(Eq.15)

(Eq.16)

(Eq.17)

(Eq.18)
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Appendix C
Existing 23m Vehicle Details Summary
and Comparison
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" “ 3300mm ARL
Mark Il
Class 155
Class 156
Class 170
Class 220
CIaSS 323 2000mm ARL
3952mm 22.96m Width Reduced SVG
2704mm
Al
950mm
!
L L



23m Vehicles Summary

Vehicle Data

Dimensions from Vehicle Library End Footstep Position (m) from C/L
Vehicle |Class Description Manufacturer Bogie Pivot Ctrs (m) | Reference (m) End Section (m) Minimum Maximum
Cl 153 Diesel Multiple Unit (DMU) SUPER SPRINTER Hunslet Barclay, Kilmarnock 16.000 23.200 11.285 9.170 9.960
Cl 155 Diesel Multiple Unit (DMU) SUPER SPRINTER Leyland Bus 16.000 23.210 11.285 9.170 9.960
Cl 156 Diesel Multiple Unit (DMU) SUPER SPRINTER Metro Cammell 16.000 23.030 11.193 9.329 10.110
Cl 158 Diesel Multiple Unit (DMU) BREL BREL 16.000 23.210 11.080 9.380
Cl 159 Diesel Multiple Unit (DMU) BREL BREL, Rosyth 16.000 22.160 11.080 9.380
Cl 165/0 |Diesel Multiple Unit (DMU) NETWORK TURBO BREL 16.000 23.250 11.160
Cl 165/1 |Diesel Multiple Unit (DMU) NETWORK TURBO BREL 16.000 23.250 11.160
Cl 166 Diesel Multiple Unit (DMU) NETWORK EXPRESS TURBO |ABB 16.000 23.500 11.650
Cl 168 Diesel Multiple Unit (DMU) CLUBMAN Adtranz/Bombardier Transpo 16.000 23.610 11.211
Cl 170 Diesel Multiple Unit (DMU) TURBOSTAR Adtranz/Bombardier Transpo 16.000 24.100 11.482
Cl171 Diesel Multiple Unit (DMU) TURBOSTAR Bombardier Transportation 16.000 24.100 11.211
Cl172 Diesel Multiple Unit (DMU) TURBOSTAR Bombardier Transportation 16.000 23.030 11.572
Cl 175 Diesel Multiple Unit (DMU) CORADIA 1001 (Driving Car) [Alstom 16.000 23.060 11.143 8.932 9.984
Cl 180 Diesel Multiple Unit (DMU) ADELANTE (Driving Car) Alstom 16.000 23.030 11.143 7.908 9.984
Cl 185 Diesel Multiple Unit (DMU) DESIRO UK Siemens 16.000 23.763 11.498
Cl 220 Diesel Multiple Unit (DMU) VOYAGER (Driving Car) Bombardier Transportation 16.000 23.000 11.183 9.631
Cl221 Diesel Multiple Unit (DMU) SUPER VOYAGER Bombardier Transportation 16.000 23.000 11.183 9.631
Cl 222 Diesel Multiple Unit (DMU) MERIDIAN/PIONEER Bombardier Transportation 16.000 23.000 11.183 9.631
Cl 323 Electric Multiple Unit (EMU) Birmingham& Greater Manch|Hunslet Transportation 16.000 23.370 11.420
Cl 332 Electric Multiple Unit (EMU) HEATHROW EXPRESS Siemens 16.000 23.350 11.450
Cl 333 Electric Multiple Unit (EMU) WEST YORKSHIRE AREA (SubySiemens 16.000 22.900 11.450
Cl 380 Electric Multiple Unit (EMU) DESIRO UK Siemens 16.000 23.000 11.590
Cl 442 Electric Multiple Unit (EMU) Wessex Express BREL, Derby 16.000 22.150 11.285 10.550
Cl 444 Electric Multiple Unit (EMU) DESIRO UK Siemens 16.000 23.570 11.385 9.683
Average 23.20 22.61 8.90 9.82

Worse Case 24.10 23.30 7.91 10.55
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Appendix D
22.96m SVG One Third Two Thirds Door Configuration
Exception Structures List and Plots
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23m SVG Full UK Results Issue 1

22.96m SVG Only I 22.96m SVG Ftsp A (LSSG) [ 22.96m SVG Ftsp B (Specific)

1third 2thirds door Exceptions

Plot Number Min Sub-Ratio| Categor! Min Sub-Ratio| Categor: Min Sub-Ratio| Categor:

20m SVG Ftsp B
Min

D ELR [Line| Start [Structure Name Type [Survey Metho Age
112610 | DCL |3300] 127.96 [Sandy Lane [Bridge No.2258] tructure Gauging Train . 648
256421 | LECI [1200| 1.4 |Sign Equipment [1 Mile 39 Chains] Lineside Furniture | Structure Gauging Train 1151
26725 | CCH |3500] 10.697 |Retaining Wall [10 Miles 55 Chains] Wal tructure Gauging Train 452
125364 | BSF_|2100] 1.2494 Retaining Wall[1 Miles 20 Chains] Wal tructure Gauging Train 319
29847 | TIC2 |2300| 161.34 |Retaining Wall [161 Miles 27 Chains] Wal tructure Gauging Train 2206
90188 | KGC |1100[0.5324 |Retaining Wall [0 Miles 43 Chains] Wal tructure Gauging Train . 1095
256111 | WSJ2 [1500| 143.14 |Back to Back Speed Boards [143 Miles 13 Chains] Lineside Furniture | Structure Gauging Train 1 2534
250225 | DCL [3300| 128.3 |Bordesley Viaduct (Spans 1-12) [128 Miles 23 Chains] Viaduct tructure Gauging Train 651
109849 | STR2 |3400] 6.2182 [Rock Face [6 miles- 17 chains] wall Structure Gauging Train
32301 | DCL |3300]128.06 |Tenanted Arches Bedford Road [Bridge No.225D] Viaduct Structure Gauging Train

1860 OK2 [ 1100 0.0017 |Kentish Town Viaduct [Bridge No.1] Viaduct tructure Gauging Train
244954 | CWJ [1100] 4.8881 |Retaining Wall [4 Miles 71 Chains] Wal tructure Gauging Train
162631 | FGW |1100] 0.0222 |Retaining Wall [0 Miles 2 Chains] Wal tructure Gauging Train
65218 | STR2 [3400] 3.0074 |Rock Face [3 Miles 0 Chains] Wal tructure Gauging Train
63029 HL 0.521 | Coleham [Bridge No.9] q tructure Gauging Train
21321 RL 0.8313 |Relief Line Viaduct [Bridge No.065] Viaduct tructure Gauging Train .
100658 | HXS2 36.886 | S&T Box [36 Miles 70 Chains] S&T tructure Gauging Train 1
86862 | VIBL 1.329 |Brands Viaduct [Viaduct No.11 - 17] Viaduct tructure Gauging Train 2
105563 | WMB .0574 | Hythe Road [Bridge No.1] tructure Gauging Train LaserFlex
228025 | WVL 5659 |Rock Face [9 Miles 45 Chains] wal tructure Gauging Train
59 | WME [33000.9955 |Retaining Wall [1 Mile 78 Chains] wal tructure Gauging Train
110585 | CAM |1100] 13.135 [Pontypridd Viaduct [Bridge No.1310] Viaduct tructure Gauging Train
235483 | CAM |1100] 13.135 |Sign Posts [13 Miles 10 Chains] Lineside Furniture | Structure Gauging Train
118993 | DCL |3300] 128.12 |Coventry Road (A45) [Bridge No.226] 0 tructure Gauging Train LaserFlex
122893 | CRF1 |3300] 0.0761 |Ecm1/5 York Way (also Crf1/5 & Crf3/5) [Bridge No.5] Overbridge | Structure Gauging Train
230594 | SHL 5744 | Parapet Wall / Fence [0 Miles 45 Chains] Wal tructure Gauging Train
69435 | VWW 4.688 | Five Elms [Bridge No.19] q Structure Gauging Train 3
74689 | WPHL 7.224 | Buriton Road [Bridge No.89] 0 tructure Gauging Train 2
238711 | FE 9.974 | Lineside Building [79 Miles 77 Chains] wal tructure Gauging Train
41132 | HAH 7125 | Arches 475-479 (hinton Rd Viaduct) [31166 (Geogis)] Viaduct tructure Gauging Train
218547 | LTNL [1800]5.9761 |Retaining Wall [5 Miles 78 Chains] Wal tructure Gauging Train
236443 | RTJ2 4.957 | Culvert [Bridge No.51A] q tructure Gauging Train K
43203 | BAGL 3.336 | Retaining Wall [43 Miles 28 Chains] wal tructure Gauging Train 1
36786 | HDT 0881 | Viaduct Ad53 - A512 [3 miles 7 chains] Viaduct tructure Gauging Train 2.2
81682 | LITL 404 |Rock Face [16 Miles 33 Chains] wal tructure Gauging Train 1
77589 | CNH3 0.1 | Retaining Wall [240 Miles 11 Chains] Wal tructure Gauging Train .7
60724 | ECN3 335 | Retaining Wall [16 Miles 26 Chains] Wal tructure Gauging Train .4
238682 | FEL 82.744 |Lineside Building [82 Miles 59 Chains] wal tructure Gauging Train .2
14208 | ATL 5.1494 | Coldharbour Lane [Arches 1&2] Viaduct tructure Gauging Train .1
48018 2.704 Ventiford Road [Bridge No.2561] 1 tructure Gauging Train 7
115278 8.1977 |Birdbrook Road [Bridge No.728] Underbridge | Structure Gauging Train
200736 2100[ 5.9903 [ Fence [6 Miles 1 Chain] wall tructure Gauging Train
235503 14.834 | Retaining Wall [14 Miles 66 Chains] wall tructure Gauging Train
60723 16.21 |Retaining Wall [16 Miles 17 Chains] wall tructure Gauging Train
150601 | CA 3.4199 | Arches 323-268 Belinda Rd Viaduct [Bridges W15, W16, W18, W20] Viaduct tructure Gauging Train .
17896 | NFI 10.2_|Retaining Wall [10 Miles 16 Chains] wall tructure Gauging Train 2
[ 150608 | CA 3.7631 | Arches 252-241 Wanless Rd Viaduct [Bridge No. W26] Viaduct tructure Gauging Train 1.9
64542 | SWM2 157.6 |Wharf Road [Bridge No.15749] tructure Gauging Train 18
139100 | LJTL 793 |Rock Face [18 Miles 65 Chains] Wall tructure Gauging Train 1
| 54158 | NGL 898 | Stoke Road [Bridge Nos. 46A & 47] Underbridge | Structure Gauging Train 2.1
210238 | TIC2 |23 1.33 |Wall [161 Miles 26 Chains] Wall tructure Gauging Train 2.3
83827 | LJTL |3100| 27.169 |Blaenau Old Station [Single Platform] Platform tructure Gauging Train 1
13505 | APL [3300] 71.658 |Lydd Town Station [Single Line Platform] Platform tructure Gauging Train 7
7115 | CFP_|3100] 3.196 |Retaining Wall[3 Miles 18 Chains] wall tructure Gauging Train
199478 | RDGL |1100] 19.462 [Thames street and River Thames [Arches 1-4] Viaduct tructure Gauging Train
255502 | LEH3 |3700] 17.127 |Fiat Deck Overbridge [17 Miles 10 Chains] Overbridge | Structure Gauging Train
119247 | VIR 33.178 Viaduct Arches 1069-1075 [Bridge No.1048] Viaduct tructure Gauging Train
244964 | CWJ 4.2307 | Retaining Wall [4 Miles 18 Chains] Wal tructure Gauging Train
36154 | CWJ 5.5699 | Retaining Wall [5 Miles 44 Chains] Wal tructure Gauging Train
199866 | SWML 98.07 |Retaining Wall [98 miles- 5 chains] Wal tructure Gauging Train
73120 | ECM7 0.4727 |Viaduct [Bridge No.1: Viaduct tructure Gauging Train
104576 | SWM2 202_|Retaining Wall [202 Miles 1 Chain] wall tructure Gauging Train
64695 | ECM7 0.4045 | Viaduct [Bridge No.1 Viaduct tructure Gauging Train
27165 | NKL 7.2239 | Johnson & Philips [Bridge No.545] Overbridge | Structure Gauging Train
111873 | BTHL 3.5574 | Holly Grove Viaduct Arches 235-240 [235-240] Viaduct tructure Gauging Train
251452 | LITL 24.378 |Rock Face [24 Miles 30 Chains] Wal tructure Gauging Train
123087 | SCP 7.1068 | Penge High Street [Bridge No.1289 1 tructure Gauging Train
235527 | LTNL 4.3335 |WallFence [4 Miles 27 Chains Wal tructure Gauging Train
183035 | WEY 105.8 |Retaining Wall [105 Miles 65 Chains] Wal tructure Gauging Train
109446 | NGL 28.81 |Retaining Wall [Bridge No.458 Wal tructure Gauging Train
212684 | LTNL 6089 | Retaining Wall [0 Miles 55 Chains] Wal tructure Gauging Train
1861 oK2 .0403 [Kentish Town Viaduct [Bridge No.1] Viaduct tructure Gauging Train
114776 | BAE2 71.52 |Retaining Wall [171 Miles 42 Chains] Wall tructure Gauging Train .
251414 | LITL 4.261 | Rock Face [24 Miles 20 Chains] wall tructure Gauging Train 1
204783 | CAT 2278 |Moncrieff Viaduct Arches 138 to 167 [5 Miles 30 Chains] Viaduct tructure Gauging Train 7
203105 | SWM2 16.24 | Retaining Wall - 5ch long 216 Miles 18 Chains [21618U] wal Structure Gauging Train
251095 | ECM7 | 1100] 69.506 |Rock Face [69 Miles 40 Chains] Wal Structure Gauging Train
235396 | NKE2 9.5438 | Retaining Wall [9 Miles 43 Chains] Wal tructure Gauging Train
133041 | LOO 2.5881 | Looe Tregarland [Bridge No.249H] Overbridge | Structure Gauging Train .
152588 | IOW_|3400] 7.8722 |Alresford Road Footbridge [Bridge No.?] Overbridge a.
67714 | POD [3100| 124.1 |Miles Dock [Bridge No.12408Q] Viaduct tructure Gauging Train
149718 | XTD |2200] 1.092 |Bridges 29V1, 292, 31B, 31C, 32, 33 [1 Mile 8 Chains] Underbridge | Structure Gauging Train
182150 | RCB |2100] 5.0938 [Wing Wall [5 Miles 7 Chains] Wal tructure Gauging Train
79912 | FHR6 [1100] 28.242 |Black Rock [Bridge No.12] q tructure Gauging Train LaserFlex ¥
ECN4 [3400] 28.863 | Rock Cutting [28 Miles 69 Chains] wal tructure Gauging Train Lasel .4
207534 | WHCL 2614 | Retaining Wall [8 Miles 14 Chains] Wal tructure Gauging Train .2
97773 | CAT 4063 [Barrington Road [Bridge No.358] 1 tructure Gauging Train 7
58325 | sBJ .7 Viaduct [Bridge No.609] Viaduct tructure Gauging Train 7
33306 | BGK 419 | Retaining Wall [30 miles 32 chains] Wal tructure Gauging Train .2
203762_| BTH2 415 |Wall [18 Miles 40 Chains] Wal tructure Gauging Train 7
188080 | SWML .906 | Retaining Wall [96 Miles 72 Chains] wal tructure Gauging Train
57 | LEN3 89.956 | Monkwearmouth [Bridge No.259 260 And 261] Viaduct tructure Gauging Train
212998 | HHH 3.5381 | Disused [3 Miles 43 Chains] Platform tructure Gauging Train
89409 | CAR 14.61 | Hengoed (Old VON) Abutment [14 Miles 50 Chains] Overbridge | Structure Gauging Train
961 FSS3 35.824 | Southend High Street [Bridge No.1] tructure Gauging Train
181 CDC1 |3400] 7.2153 |Retaining Wall [7 Miles 17 Chains] Wal tructure Gauging Train
852 MLN4 309.62 | Retaining Wall [309 Miles 49 Chains] Wal tructure Gauging Train
671 Lss 41.152 |Retaining Wall [41 Miles 11 Chains] Wal tructure Gauging Train
232000 | SWML 77.525 | Fence [77 Miles 42 Chains] Wal tructure Gauging Train LaserFlex
7088 | TJC3 205.86 | Shipley Station approach [Bridge No.48B] ( Structure Gauging Train LaserFlex
124931 | MLN3 283.88 | Ornamental [Bridge No.28370T] 0 latform Gauge
150717 | XTD 3.729 |Viaduct [3 Miles 58 Chains] Viaduct | Structure Gauging Train LaserFlex
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Comment 23m Route? OMNICOM
-575. Vegetation Yes -
Vegetation Yes -
Vegetation Yes -
Vegetation No -
Vegetation Yes -
Vegetation No -
Vegetation Yes -
Vegetation Yes -
Vegetation Yes -
Vegetation s -
Vegetation -
Vegetation o -
Vegetation -
Vegetation Yes -
Vegetation Yes -
Vegetation s -
Vegetation o -
Vegetation o -
. Vegetation o -
-300.8 Vegetation Yes -
Vegetation Yes -
Vegetation No -
Vegetation No -
Vegetation Yes -
Vegetation No -
Vegetation Yes -
Vegetation Yes -
Vegetation Yes -
Vegetation Yes -
Vegetation No -
Vegetation No -
Vegetation Yes -
Vegetation Yes -
Vegetation No -
Vegetation No -
Vegetation Yes -
Vegetation Yes -
Vegetation s -
Vegetation -
Vegetation -
Vegetation -
Vegetation Yes -
Vegetation No -
Vegetation s -
Vegetation -
Vegetation o -
2723 Vegetation o -
2728 Vegetation Yes -
Vegetation No -
Vegetation No -
Vegetation s -
Vegetation -
Vegetation -
Vegetation -
Vegetation Yes -
Vegetation Yes -
Vegetation No -
Vegetation No -
Vegetation Yes -
Vegetation Yes -
Vegetation Yes -
Vegetation Yes -
Vegetation s -
Vegetation -
Vegetation -
Vegetation -
Vegetation -
. Vegetation -
2312 Vegetation s -
