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Introduction

Introduction

Purpose

This user guide describes how to use both the Run-a-Way Speed Calculator tool and the Ballast
Drag Length Calculator tool. The tools are often used in combination: for calculating runaway
wagon speed at a particular point on the track and calculating the associated length of a ballast
drag trap to safely arrest the runaway wagon.

Background

During the signalling design process in areas of falling gradients, catch points or derailers are
often required to be positioned on the track to provide controlled derailment of runaway rolling
stock to prevent it fouling other train movements which may be taking place in the vicinity. This
controlled derailment is also required to limit damage to the runaway vehicles to a degree.

The Run-a-Way Speed Calculator tool allows the designer to predict the speed of runaway
vehicles at a particular point and then determine whether a derailer (and type) or set of catch
points should be provided.

The Ballast Drag Length Calculator tool allows the designer to calculate the minimum length of a
ballast drag required to arrest runaway vehicles derailed by set of catch points, travelling at
various speeds.

Reference Documents

The following documents should be read in conjunction with this guide:

e ESD-06-02 Catchpoints

Definitions

The following terms and acronyms are used within this document:

Term or acronym Description

Derailer Is a device used to derail unauthorised movements of trains or
unattended movements of rolling stock to prevent it fouling the
track. There are a number of types of derailer, which can be
used for derailing vehicles at various ranges of speed.

ESI0605-T01 Run-a-Way Speed Calculator Excel Tool

ESI0605-T02 Ballast Drag Length Calculator Excel Tool

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 22/12/16 Page 3 of 14
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2 Description of the Run-a-Way Speed Calculator

The Run-a-Way Speed Calculator (ESI0605-T01) is an Excel program, which runs on a Windows

based PC. It is important to ensure the most current approved version is being used for
calculating runaway vehicle speeds.

Refer to ARTC Engineering Extranet for the most current version.

2.1

Open Run-a-Way Speed Calculator

Open Run-a-Way Speed Calculator the same way as any regular excel file. The file should open
on the main page, the “Rolling calcs” worksheet, as shown in Figure 1 below.

A B C D E F G H J K L I a P
1
2
4
4 Calculation of Wagon Rolling on Multiple Grades Version 1.0 December 2016
5
E
Erter dafz ir green colls ol
8 Grade Length [m]
& Enter Grade 1-2 300 500 Enter grades a= aratio e.g. for 1200, enter 250
Erter Grade 2 - 3 00000 400 Use+ for downhill grades in the direction of trawvel.
i} Grades  |[lse = for uphill grades in the direction of ravel
1 Enter Grade 3 - 4 -h00 1000 Use 100000 for level grades
12 Enter Grade 4 -5 0 0 At Frsfaradb axestie b sibcamen oS cande Yo -
13 Track Description good Grade length |Enter each grade length in metres
14 Irnitial Speed [lkph) [1] Track Good = straight geametry, clean rails, good gauge
15 D r.?ct_ Fair = ressonable alignment and gauge, rusty rails
i3 ESCIPNON | b or = poor geometry and gauge, rusty rails, joints
7 Initial Speed [Speed in kph if loose shunted, zero iF stationary.
1B Wagon details |Enter average mass and bearing type only.
19 Mass of wagon [tonnes] 30 I 1 Bearing Package [If in doubt, assume package]
20 |Number of Wagons | 1 | types Axlebox
21 |Bearing Tupe | package | Journal
22
23
24 RESULTS
25
2 — T T —
27 mis kph
28 Grade 1-2 416 14.97
24 Grade2-3 224 807
a0 Grade3-4 0.00 0.00
N Grade 4 -5 0.00 0.00
a2 Key:
33 \ Yellow indicates stopped |
31 Total distance travelled [m) 708 [ Orange indicates moving |
35 Total distance available [m] 1300
36 Tirne taken to stop [Sec) 365.53
37 Tirns taken to stop (Mins] B.09
el:]
o]
40
4 Date Prepared bu: ARTC 1D Na. Email Address Organi sation Checked by Independent Review by:
42
43 ¥122076
44
45
44 Calculations 73 1Kl
Ready |

Figure 1

The “Rolling calcs” worksheet (highlighted blue) is the only worksheet used for data entry to

calculate the rolling stock rolling speeds. All other worksheets are for information only.

Note: Before performing any calculations, check the version being used is the current version

(highlighted red).

This document is uncontrolled when

printed.

Version Number: 1.0

Date Reviewed: 22/12/16
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2.2 Data Entry

The active cells are the Green cells. Values and text data must only be entered into active cells.

2.2.1 Data Inputs Entry

Grade Length [m]
Enter Grade 1- 2 a00 500
Enter Grade 2 - 3 100000 400
Enter Grade 3 - 4 -500 500
Enter Grade 4 - 5 i 1] 1] " #
Track Description good
Initial Speed [koh) o

Select from dropdown list

kazz of wagon [tonnes) 30
Murnber of Wagons 1 ,
Bearing Tupe packagel‘_

The above tables are used to enter the data for the speed calculation results. Working back from
the end point, up to 4 variable gradient changes over the section of the network being considered
can be accommodated in the calculation.

Note #: For grade sections not required for a calculation, ensure the “Grade” and “Length” cells
are zero.

Explanatory notes for entering the input data are included in the worksheet as shown below.

Inputs required

Ernfor dafa 0 groon coffs ol

Enter grades as aratio e.q. For 1:250, enter 250
[lze + For downhill grades in the direction of trawvel.

Grades |dze = For uphill grades in the direction of travel.
[ze 100000 for level grades

Abia Finedgracb axerd e | suvag ey onadis oande oo -

Grade length |Enter each grade length in metres

Good = straight geometry, clean rails, good gauge
Track . . :
Fair = reazonable alignment and gauge, rushy rails

Description o
P Poor = poor geometry and gauge, rusty rails, joints

Initial Speed [Speed in kph if loose shunted, zero if stationary,

YWagon details |Enter average mass and bearing type anly.

Bearing Package (If in doubt, azsurme package)
types Axlebox
Journal

IMPORTANT: For this tool and unlike other calculation tools, use + numbers for DOWNHILL
grades, — numbers for UPHILL grades and 100,000 for level grades.

Some worked examples of values entered in the tables are shown in Appendix A.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 22/12/16 Page 5 of 14
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Signal Designer Details

Date

Prepared by: ARTC 1D Mo, Ernal Address Organisation Checked by: Independent Review by

A0

2.2.3

For each calculation which provides the source data for a signal design, the Signal Designer must
complete the above table. The information required is self-explanatory.

The calculation information must then be produced as a PDF, printed and included as supporting
information in the design pack for verification and recording purposes.

Results

RESULTS

mis kph
Grade1-2 4.6 14.97
Grade 2-3 2.24 8.07
Grade 3-4 0.00 0.00
Graded -5 0.00 0.00
Key:
Yellow indicates stopped
Total distance travelled [m) |_[ 7178 I #1 Orange indicates moving.
Tatal dizstance available [m) 1900 |
Tirne taken to stop [Sec| 365,53 |
Tirne taken ta stop [Ming] E.09 |

The results of the calculations automatically appear in tables of the RESULTS window (see
above). As described in the key, the resultant values are automatically indicated:

e Yellow for runaway vehicle which is stopped, and
e Orange for runaway vehicle which is moving

Note #1: If the Total Distance Travelled resultant value is less than the Total Distance Available,
the distances will be shown as calculated with the Total Distance Travelled value text highlighted
yellow (as per example shown above).

This means that the distance available for a runaway vehicle is adequate and protection will not
be required.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 22/12/16 Page 6 of 14
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RESULTS

mis kph
Grade1- 2 476 14897
Grade 2-3 224 8.0v
Grade 3-4 208 743
Grade 4 -5 0.00 0.00
Total distance travelled [m] 050,40 I#Z
Tatal distance available [m) 910 J |
Tirmne taken to stop [Sec) 0512 |
Tirne taken to stop [ins] 8.42 |

Key:

Yellow indicates stopped
Orange indicates moving.

Note #2: If the Total Distance Travelled resultant value is greater than the Total Distance
Available, the distances will be shown as calculated with the Total Distance Travelled value text

highlighted orange.

This means that the distance available for a runaway vehicle is inadequate and some form of
protection will be required (eg a derailer or set of catch points). The selection of protection will
depend on the calculated speed the runaway vehicle is travelling at when passing the location

being considered.

This document is uncontrolled when printed.

Version Number: 1.0
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3 Description of the Ballast Drag Length Calculator

3.1

[ I N

[== et

The Ballast Drag Length Calculator (ESI0605-T02) is an Excel program, which runs on a
Windows based PC. It is important to ensure the most current approved version is being used for
calculating runaway vehicle speeds. Refer to ARTC Engineering Extranet for the most current
version.

Open Ballast Drag Length Calculator

Open Ballast Drag Length Calculator the same way as any regular excel file. The file should open
on the main page, the “D — Rolling Drag” worksheet, as shown in Figure 1 below.

=} I ] E F [} H | fl

Rolling Drag Calculation (Ballast Drag Length) Version 1.0 December 2016

Inputs required
Enter dafe fn green ceffs ol

Enter entru speed [kph) 15 Forward Speed |Entru Speed (kph) to Ballast Drag
Enter axle load (1] a0 Axle and Enter axle and wheel parameters, else use
Enter depth of wheel [rm] 300 Wheel default values
Enter radius of wheel [rmm) 457 Wagon Enter wagon length in metres and number of
Erter wagon length [m] 30 Parameters [wagons, else use default values
Enter number of wagongs 1 Ballast Drag [[Enter grades ratio e.g. for 1:250, enter 260
Enter grade of runoff [#2] ] Grade |Jze = For downhill grades

Uze + for uphill grades

Usze O for level grades

Distance [m) BZ‘;;?:?JEF De[cntﬂst!]ale V= Speed [mfs] | Time [sec) Numb;;r:;::gons
477
1] 0 0.0 17.36 4117 0.00 0
10 0 0.00 17.36 4717 240 0
15 1 128 452 213 159 0
20 1 128 0.00 0.00 1EE 0
25 1 128 0.00 0.00 0.00 0
30 2 257 0.00 0.00 0.00 1
35 2 257 0.00 0.00 0.00 1
40 2 257 0.00 0.00 0.00 1
45 3 257 0.00 0.00 0.00 1
50 3 257 0.00 0.00 0.00 1
Average Deceleration 167 Total Time 5.64

® Australian RailTrack Corporation Limited 2013
Disclaimer:
Thisdocument hasbeen prepared by ARTC for internal use and may not be relied on by any other party without ARTC's prior written consent. Use ofthis document shallbe
subject to theterms of the relevantcontract with ARTC.
ARTC and it employeesshall have no liability to unauthorised users of the information for any loss, damage, cost or expenseincurred or arising by reason of an unauthorised user
usingor relying uponthe information i nthis dooument, whethe caused by error, negligence, omission or migepresentation inthis document.
This document is uncentrolied when printed.

Date Prepared by ARTC ID Mo |Email address Organisation | Checked by Independent Feview by

2112206

4 4« » M ID-Rolling Drag}~ Calculations Tabulation01 %3

Ready | & |

Figure 1

The “D — Rolling Drag” worksheet (highlighted blue) is the only worksheet used for data entry to
calculate the length of a ballast drag necessary to arrest runaway wagon(s). All other worksheets
are for information only.

Note: Before performing any calculations, check the version being used is the current version
(highlighted red).

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 22/12/16 Page 8 of 14
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3.2 Data Entry

The active cells are the Green cells. Values and text data must only be entered into active cells.

3.2.1 Data Inputs Entry

Rolling Drag Calculation (Ballast Drag Length)

Enter entry speed [kph] 15
Enter axle load [f] a0
# |Enter depth of wheel [rnnn] 300
# |Enter radiuz of wheel [mim] 457
Enter wagon length [m] 30
Enter number of wagons 1
Enter grade af runaff [5£] 1]

The above table is used to enter the data for the ballast drag length calculation.

Note #: Normally, the input data would be selected and entered in accordance with the
parameters for each design. However, the values “300’ and “457” can be considered as default
values if the actual wheel parameters are unknown.

Explanatory notes for entering the input data are included in the worksheet as shown below.

Version 1.0 December 2016

Inputs required

Enter data in green cells only

Forward Speed (Entry Speed (kph) to Ballast Drag
Axle and Wheel |Enter axle and wheel parameters, else use
Parameters default values
Wagon Enter wagon length in metres and number of
Parameters |wagons, else use default values
Ballast Drag | Enter grades ratio e g. for 1:250, enter 250
Grade Use = for downhill grades

Use + for uphill grades
Use 0 for level grades

IMPORTANT: For this tool, use + numbers for UPHILL grade, — numbers for DOWNHILL grade
and zero for level grade.

Some worked examples of values entered in the tables are shown in Appendix A.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 22/12/16 Page 9 of 14
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3.2.2 Signal Designer Details

Date Prepared by ARTC 1D Mo [Email address Organization  |Checked bu: Independent Review bu:

1¥H206

For each calculation which provides the source data for a signal design, the Signal Designer must
complete the above table. The information required is self-explanatory.

The calculation information must then be produced as a PDF, printed and included as supporting
information in the design pack for verification and recording purposes.

3.2.3 Results
Distance [m] El':;ir::?:n;l‘ De;:ﬂsl:zliate L Speed [mi=] | Time [sec] Numb;;rg:‘l:;guns
417
0 0 0.00 1736 417 0.00 0
10 0 0.00 1736 417 240 1
#1 [ 1 128 4.52 213 159 ]
20 1 128 0.00 0.00 1EE 0
29 1 128 0.00 0.00 0.00 1
30 2 257 0.00 0.00 0.00 1
35 2 257 0.00 0.00 0.00 1
40 2 257 0.00 0.00 0.00 1
45 3 257 0.00 0.00 0.00 1
50 3 257 0.00 0.00 0.00 1
Average Deceleration 167 Total Time 5 64

The results of the calculations automatically appear in the table of the RESULTS window (see
above). The resultant values are automatically highlighted:

e Yellow for stopped runaway vehicle(s) and the minimum length of the ballast drag
e Orange for moving runaway vehicle(s)

Note #1: In the example shown above, the minimum length of a ballast drag to arrest a single
30m long and 30T wagon travelling at 15 kph is calculated to be 20m.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 22/12/16 Page 10 of 14
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4 Appendix A —Worked Examples

The following are some worked examples on 1500m of a variable gradient track.

4.1 Example 1

m Grade 1-2

Runaway start point —

Runaway end point

Grade 2-3 Grade 3-4

/’-r_”_'
+80 Level
500m 300m 700m
Total Distance Available
Calculation of Wagon Rolling on Multiple Grades Version 1.0
Grade Length [m]

Enter Grade 1-2 20 500
Enter Grade 2 - 3 100000 300
Enter Grade 3-4 -50 Fon
Enter Grade 4-5 0 1]
Track Description good
Initial Speed [kph) 1]
Mass of wagon [tonnes) 30
Murnber of Wagons 1
Bearing Tupe package

mis kph
Grade1-2 0.35 37.28
Grade 2-3 9,490 3RE4
Grade 3 - 4 [L__ow 0.00 J «<—— Yellow highlight indicates vehicle will
Grade 4-5 00 1.0 L .

/ stop within the grade 3-4 section

Total distance travelled [m] 1031.59
Total distance available [m) Tl
Tirne taken to stop [Sec) 126.20
Time taken to stop [Mins] 210

In this example, it is calculated that the runaway vehicles would take 1031.59m to stop in the
Grade 3-4 area. Therefore there is adequate distance available for the runaway vehicles to stop
before the end point.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 22/12/16 Page 11 of 14
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4.2 Example 2
Runaway end point
- =
m Grade 1-2 i Grade 2-3 Grade 3-4
Runaway start point — +90 : — -100

500m

500m

Total Distance Available

Calculation of Wagon Rolling on Multiple Grades

300m

Version 1.0 [

Grade Length [m]
Enter Grade 1- 2 a0 a00
Erter Grade 2 - 3 100000 00
Enter Grade 3 - 4 =100 300
Enter Grade 4 -5 D 0 il
Track Description good
Iritial Speed (kph] 0
Maz= of wagon [tonnes) 30
hurmnber of W agons 1
Bearing Tupe package

P Orange highlight indicates vehicle is

ms kph
Grade 1-2 967 2483
Grade 2 - 3 245 20LEE
Grade 3 - 4 2m 723
Grade d -5 1.00 1.0

\

Tatal distance travelled [m] 1630.68
Tatal distance available [m) 1500
Time taken to stop [Sec] ab{.fa |
Time taken to stop [ing) £.13 |

| still moving beyond the end point

In this example, it is calculated that the runaway vehicles would take 1630.68m to stop beyond
the Grade 3-4 area (provided the -100 grade continues). Therefore there is not adequate
distance available for the runaway vehicles to stop before the end point.

The speed the runaway vehicles are calculated to be travelling at the end point is 2.01m/s
(7.23Kph). Therefore appropriate protection will be necessary to prevent it fouling other train
movements which may be taking place in the vicinity of the end point. Refer to type approved
derailer/crowders which could be applied (eg Aldon, Siemens, etc).

This document is uncontrolled when printed.

Version Number: 1.0
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4.3 Example 3

Runaway end point

Runaway start point — +90
Level
500m 1000m
Total Distance Available
Calculation of Wagon Rolling on Multiple Grades Version 1.0
Grade Length [m]

Enter Grade 1- 2 a0 500
Erter Grade 2 - 3 00000 1000
Erter Grade 3- 4 0 0
Enter Grade 4-5 0 0
Track Description good
Initial Speed [kph) I]
tazs of wagon [tonnes) 30
hurmber of YWagonz 1
Bearing Tupe package

mis kph
Grade 1- 2 Qi 240 N
Grade 2 - 3 7.93 2866 N |
Grade 3-4 ugu; oo "\ 4
Graded -5 0.00 oo\
Total distanice ravelled () l Bonmn j<——— Orange highlight indicates vehicle is
Total distance available [m) 1500 still moving beyond the end point
Tirne taken to stop [Sec) 1596
Tirne taken to stop [Mins) 362

In this example, there are only 2 grade sections. It is calculated that the runaway vehicles would
still be moving beyond the Grade 2-3 area end point.

The speed the runaway vehicles are calculated to be travelling at the end point is 7.93m/s
(28.56Kph). Therefore appropriate protection will be necessary to prevent it fouling other train
movements which may be taking place in the vicinity of the end point. With this speed, a set of
catch points would be necessary. Depending on the situation, a ballast drag may also be
required which would be correctly sized by using the Ballast Drag Length Calculator tool. Refer
example below...

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 22/12/16 Page 13 of 14
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Rolling Drag Calculation (Ballast Drag Length)

Enter entry =peed [kph) 28.56
Enter axle load [t] a0
Enter depth of wheel [rmm) 300
Enter radiuz of wheel [mm) 457
Enter wagon length [m) a0
Enter number of wagons 3
Enter grade of runcoff [ ] i}

Wumber

Decel Rate

Version 1.0 December 2016

Inputs required

Enfer diafs in green ceffs onfy

Forward Speed

Ertry Speed [kph] to Ballast Drag

Axle and Erter axle and wheel parameters, elze use
Wheel default values
Wagon Erter wagon length in retres and number of
Parameters |wagons, else use default values
Ballast Drag |Enter grades ratio e.g. for 1:250, enter 250
Grade

=& = For downkill grades

Jze + for uphill grades
U=e 0 for level grades

MNumber of wagons

Distance [m]) Bogies off (més?) W2 Speed [mfz] | Time [sec] derailed
793
0 0 0.00 5294 793 0.00 0
10 1] n.0o 5294 743 126 1]
15 1 0.43 58 66 7.EE 0.64 1
20 1 0.43 54.38 L 0.67 1]
25 1 043 5010 708 .69 1]
30 2 0.85 4153 .44 074 1
35 2 0.86 3297 5.74 0.82 1
40 2 .85 24.41 494 [0.94 1
45 3 128 1157 340 120 1
50 3 128 0.00 0.00 265 1
Average Deceleration 0.64 Total Time 9.60

© Australian RailTrack Corporation Limmed 2013
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In this example, the entry speed is 28.56 Kph as calculated with the Run-a-Way Speed
Calculator and the number of wagons is 3. The minimum length of the ballast drag is calculated

to be 50m.
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