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Solution Overview

e Suitable for every type of railway
- Heavy freight and passenger
- High Speed
— LRT, Metro, Tram
- Maglev

e Suitable for every stage of the asset:
e Feasibility / preliminary route evaluation

e Detailed design of new projects

e Multiple international design standards
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e Detailed design of renewal / upgrade projects
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Solution Overview (continued...)

e User configurable for
- Design standards
— Turnouts
— Drawings
— Reports

e Multiple languages

e Highly interactive and easy to use

3 | WWW.BENTLEY.COM

e Inbuilt design checker for designer and client

21 Bentley
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System Functionality

e Comprehensive surface analysis
e Horizontal and vertical alignment design
e Cant and cant deficiency design
e Design check against standards

analysis

4 | WWW.BENTLEY.COM

e Single and multi-element regression analysis
e Automated turnout placement using library

e Ballast, formation and earthworks design and

21 Bentley

© 2009 Bentley Systems, Incorporated



System Functionality

o User defined outputs
— Drawings
— Reports and schedules
- Manufacturing details

e Data export
— Machines - Plasser & Theurer and Matisa
- Field computers
- Manufacturing
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e Industry standard data (eg: DGN, DWG, XML)
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Bentley Rail Track

TN

Data Import

Field to Feature-
Design to based
Field DTM

A

Create
Drawings

/\.

Alignments
Hor/Vert Cant

Bentley
Rail

Track

TN N

Regression
Analysis

Volume and
Construction
Reports

Turnouts and
Modeling Crossings

| WWW.BENTLEY.COM

A global rail design software

Automates design workflows for
every kind of rail projects

Supports new and upgrade
projects for single or multiple
tracks

Standardizes project outputs -
drawings, volumes, construction
reports etc..

Enables design checking and
validation

Design to field interface

Integrates with Bentley
Overhead Line for traction
power design

21 Bentley



Solution Architecture

Web Publishing Engineering Sharepoint Portal

Signalling Design

Overhead Line
Design

GIS for Managed Environment Track Asset Management

Integrate with other
Bentley Solutions Roads Property :

Web Access

Data Assembly Track Design |mmm

Track Asset Managment,
Operations & Maintenance

Common Modelling Environment

Managed Data Environment (ProjectWise)
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Data Import and Analysis (Survey)

e EDM (Total Station)
e Aerial

e Trolley

e GPS

e Volume scanning
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Data Import Tools

e LandXML
- Geometry and surface models

e VVendor Specific
— Trimble Upload Add In
e Geometry and surface models
- Lieca Upload Add In
e Geometry and surface models
- Geometric Measurement systems
e Plasser & Theurer (EM-SAT)

9 | WWW.BENTLEY.COM
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Field to Design

e Reading data from Plasser & Theurer's EM-SAT
geometry measurement system

— Advanced long chord measuring resolved to real
world coordinates!

bt Import EM-SAT B
[¥] Add As Cogo Paints
Efé;}ju%age Ugtéghzg *e 7 pureeite [¥] Add As Horzontal Regression Points to Active Alignment E

23£148.480 “lagldl2.ze0”  “lagldl2.FI¥" Orientation
0.0000  0.0000  0.0036 316 Z3Z198. () Fres
0.0054 -0.0151 -0.0020 L4332 232196,
0.0075 -0.0175 -0.0059 L4306 Z3Z190.
0.0082 -0.0136 -0.0109 L4350 Z32185.
0.0062 -0.00%8 -0.008% L4344 ZIZ1E0.
0.0057 -0.0112 -0.007% L3857 Z3E17h.
0.0064 -0.0088 -0.0046 L4306 ZIZIT0.
0
0
0
0
0
5

L0082 -0.009s  -0.0047 L3086 Z3E165.
L0026 0.0017 -0.0086 L3120 Z3IZI60.
L0039 -0.00%0  0.0002 L4334 Z3Z185.
.0004 -0.0006  0.0020 4306 Z3Z150.
L4302 Z32144.4

@ Fixed
Geometry File Name:
G \My Documents* Rail\Regression sample files'plasse E]

o T e T e e e e B e B e B e i e

.Qooo 0.0000 0.002E

|

i0.05.07 0g:31:10

| 932089.320  “lagldlZ.ze” "1ag1d12.F1><‘| oo

| 0p.0000 0.0000 0.0026 1.4381 299140.4/| G \My DocumentsRail\Regression sample fles'plasser - C C]

I -0.0010 -0.00%23  0.0019  1.4321 232145. 0

| -0.0003 0.0057 0.0003 1.4333 232140.000 0.UOO0 O0.UOUO 0. 0000

I -0.0002  0.0140 -0.0017  1.4330 £32135.000  0.0000  Q.0000  0.0000

I 0.0071  0.0227 -0.0034 1.4342 232130.000  0.0000  0.0000  0.0000

I 0.0047  0.0398  0.0017  1.43B3 23212b.000  0.0000  Q.0000  0.0000
D Z3Z1Z0.000  0.0074  0.0519  0.0008  1.4300 £3Z1z0.000  0.0000  0.00000  0.0000
I 23211k.000  0.00B5  0.0450 -0.0043  1.4330 232115.000  0.0000  Q.0000  0.0000
D Z3zll0.000  0.0046  0.0113 -0.0028  1.4340 £3Zl110.000  0.0000  Q.0000  0.0000
D Z32106.000 0.0040  0.0039  0.0033  1.4330 232105.000  0.0000  Q.0000  0.0000
D Z3zl00.000  0.0004 -0.0009  0.0078  1.43E% £3Zl00.000  0.0000  Q.0000  0.0000
D 232099.320 0.0000  0.0000  0.0076  1.4339 232099.320  0.0000  Q.0000  0.0000
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Surface Analysis

e |Load survey data

e Display and view surfaces as

Wievs Surface

| % Ipdate 3-D'/Plan Surface Display...
1 Fit Surface

contours, triangles, feature lines

’E Triangulate Surface. ..

e Shade according to aspects,
elevations and slopes

Diezign Surface
Design Pad
Edit Surface
Eeature

Ea! Surface Properties...

e Triangulate surfaces

By Active Suface. .

| z Copy Surface...
i 3% Delste Sulface...

=% Bename Surface...

e Design and edit surfaces

Ltilities

21 Bentley
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Regression Workflow...

e Pre-regression data validation

e Point selection and sorting
— Survey data ordering is not required

e Curvature diagrams

their types
- Indicates questionable data

e Edit / review

- Select / Regress, which is heads-up selection / auto
element type determination

e Reduces potential user errors & time

e Quick Regression for initial solution

Slew diagrams and reporting

12 | WWW.BENTLEY.COM

- Indicates approximate locations of specific elements and

- Inclusion of cant, if surveyed, enhances the field data

21 Bentley
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Quick Regression

e A first pass horizontal regression solution
— Excludes the possible location of transitions
— Computes either a linear or a circular arc
— Fills in the gaps with transition spirals

Regression Points

207 281296223 134025776 Yes
298 281301297  134027.013 Yes
239 281309772 134029.024 Yes
300 281318261 134030393 Yes
3 281326804 134032895 ; Yes
302 281335384 134034731 Yes
303 281339954 134035671 Yes

Feport Results

From: 0.0000 to:
From 0070 to.
From: 0. to:
From to
From to:
From: 0. to!
From (=N
From: 0. to:
From 59 to:
From: 0.0629 to:

‘
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Mame Mosthing Easting y Includein ... Status

Homal
Homal
Normal
Normal
Homgal
Homnal
Mormal

hiomra

interval:
Threshold:
Compound -Radi

Count:

i Ratio: .75
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BRT - a true rail design system

e Horizontal alignment design based upon cant
(i.e. superelevation)

— Arc or chord definition alignments

— Horizontal spiral transition types

e Clothoids + cubic parabola, AREMA, bi-quadratic
parabola, Bloss, sinusoid, cosine and Viennese

e 1 to 1 relationship between the horizontal transition
and the cant transition

e Vertical alignment design
— Parabolic vertical curves
— Circular vertical curves + clothoids

e Turnouts are a type of geometry
— Multiple types (single, double and slips)
— Multiple bending methodology

15 | WWW.BENTLEY.COM :;ﬂ-i Bentleg‘
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Alignment Design

e Multiple methods to define horizontal and
vertical geometry
— Curve sets
- Fix / Float / Free Elements
— Single / multi-element regression analysis

points
e Quick regression

vertical set of commands
e Reduces training issues
— Tools are interchangeable

16 | WWW.BENTLEY.COM

e The process of best fitting true geometry to raw survey

— A horizontal set of commands and a corresponding

e Use curve sets, elements or regression in combination

21 Bentley
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Cant

e Standard international railway
terminology

— Equilibrium cant, applied cant, cant
deficiency, etc.

e Units
— Millimeters, millimeters / second
- Inches, inches / second

e Calculations

— Standard equilibrium equations that
be found in well known literature

e Cant Integrated into Horizontal
Design

e This is not a road solution
applied to rail/

17 | WWW.BENTLEY.COM

kil Design Calculators cfel=
Cant Calculator iEt;le_-L;kups I
Compute: ICant v| l aK I

Define By: | Applied Constant

Design Speed famph): 2200000

Equilibrium Constant: 11.8000

Applied Constant: 7.1000

Radius: 0.0000 3200.0000

Length: 180.0000

Transition: Ciothoid A

[¥] Aways Round Applied Cant
Results o
Equilibrium Cart {mm): 0.0000 178.4750
Applied Cant {mm): 0.0000 105.0000
Cant Deficiency {mm): 0.0000 73,4750
MNon-compensating Lateral Acceleration {m s s):

0.0000 04811

Applied Rate of Change {mm./s): 35.6421
Deficiency Rate of Chanas (mm/s): 249453
Applied Cant Gradient: 17142857

Desirable Length @ |35 mmys. » | 183.3333
Minimum Length @ |55 mmds = | 116.6667

[ Preferences... | | Cal

ncel

21 Bentley
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Turnouts

e Single, double and slips
e Tangential and non-tangential turnouts

e Multiple bending / flexing methods
to satisfy multiple international
standards

18 | WWW.BENTLEY.COM :;ﬂ-i Bentleg‘
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Turnout Library

many international standards eg:

e German (heavy & light rail)
Swiss

Austrian

Australian

UK (113A’s & RT60’'s)
Indian

Dutch

Spanish (heavy & light rail)
AREMA (US + Canada)
South Africa

UIC

...and many more

library

19 | WWW.BENTLEY.COM

e Contains a standard (base) definition and

e The user can easily create/add turnouts to

21 Bentley
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Turnout Library

Name:
Diescription: [Ew 54-500-1:12 Close |
Tupe: [single [
1 1 1 Thearetical 1 ta .1 Length: =
e User definable libraries e o TR o |
Length Along Mairline: |41.554579 |0.000000
- S | n I e b r a n Ch Triangle Lergth: |20.757289 |0.000000 ﬂl
g Define By: &+ Flatio C Angle ml
. D bI b h Ratio at .0t [12.000000 [o-0000aa verly_|
ouble brancC _ E E :
Aingle at .0 | 474549110 | oomooooe Schemalic |
. . Ratio at .1: 0.000000 0.000000 Hel
- Single slip | - o |
Angle at 1. | oooron o0 | o°oooo.oo
. D O u b I e SI i p Linzar Sleeper Set: IG.UDDDDD |E|,DDE|E|DIJ
Circular Slesper Set: |6.300000 |0.000000
Digtance to Last Long Slesper: Ig_gnuunu ID_DUDDDD

- D i a m O n d C ro SS i n g tinimum Bending Radius:

|2DD. 0000aa

Bending Method: & Defauk  © Geman
™ Mainkain Length &long Inner Rail (from .1 to IP)

[ Mairntain Length Along Outer Rai = st Branich Element &lways Wikemt

— Branch Geomety

Turnout Schematic B Show: 1 (st Branch €01 2nd Branch 0! Sid Branch

Element Type | Length Starting Badiuz

Stopping B adius

Circular 41570516

Mainline Length

Triangle Length

Thearetical .1 ‘ 1 of

L—Theoretlcal 1 to 1 Length Ratio Add. Edit... Delete

20 | WWW.BENTLEY.COM
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Example: Re-connecting turnouts

e Horizontal alignments and associated
turnouts are automatically reconnected after

changes.
e Design rules maintained

21 Bentley
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bntley Rail Traek Y 8i

Suface Geomety Evalustion Modeler Diafting Todls
Irimarned: = ;

AREA #
ARES #10

AREA #20
AREA #10:
ARES #10




Resulting in models like these yards!

AR #10 Srah Sk Sy

BREA £L0 Straght SO Sl
AEER £L0 Strighi St Sk
FERA FUD Strch Sk Tk
OEED €20 Stragh Sk Set

| WWW.BENTLEY.COM

B ok X ition
Ele Sulece feonety Dxshtion bodekn Dughng look e -
Sl PRE SNy BX B
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e Includes

— CEN Standards
— Austrian Rail

— Danish Ralil

— Dutch Rail

German Rail
Transrapid
Italian

— Indian
- French

25 | WWW.BENTLEY.COM

Detailed Design Checking

u Design Checks

DEI&‘

General Roads | CEN Standards

| Austian Rail

Dianish Rail | Dutch Rail | Geman Rail | Transrapid I Interactive

Type:

[ sty |

Geometry Project: Regression 15 s
Horizortal Alignment: Regression 15

Vertical Alignment:

=]
=]
-3
]
=3
o ||e ||
=
5]
3
|
1 4

Cant:

Speed fkmph): 100 -
Include Children

[+ |+

[t

Traffic Subcategory: (@ Freight () Passenger

u Design Checks

General Roads

Traffic Category:

[E=REe=I X
Danish Rail Dutch Rail I Geman Rail I Trensapid | Interactive
| CEN Standards Pustrian Rail
v - ey ]

Track Subcategory: @) Free ) Platform ) Yard
Display Wamings in: @) Dutch () English
Preferences... ] [ Close

Geometry Project:

Fegression 15 T
Horizontal Alignment: | Begression 15 v| _-4;_—]

Vertical Mlignment: | = | ﬂ R
Cant: - | IL|

Min. Speed fkmph):  250.0000

e Execute as you design
— Interactive + passive

e Execute as a post-design process
— Ideal for checking a consultant’s design

Max. Speed damph): 3000000

Gauge:
[ Upgraded Alignment
[T Passengers May Be Standing

,E Mon-ballasted Track

@ 1435 7 1668

Preferences. .. | I Close

e Written to match the railway’s requirements

21 Bentley
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Graphical designh checking

Fle Sulace  Geomety _E_vm_ Modeler Desftng Tooks ﬁeb
Ut vEE[8\Y BX 0

|5 B Geometry Projects
= Dafauk
-] E

5 Goometry | [ Fraferences | 4 »

Fieady

. Display Turnouts in Profi

Profile Set: I
Bottom fuds to Witness Line Offset:

Leader Line Length:
|| Drop Station Equation Names
Data:

|Dbjed. |F‘refbt. |Suﬁhc |F‘recisior1 |Fn1mat.

B Witness Line |

E Leader Line |

_E;.Nam.e )

B<] Deseription | | - |

[ 1 Station | | |0.12 | 588558

B 2staon | | 012 sssss

| WWW.BENTLEY.COM

Data:
| Object |Prefic_| Suffix | Precision | Format

! MName

Tumout
[ Recant Tumout
B In Vertical Curve
E‘:Orphan Tumout |
_@;_O\rerla_pping Tumout |
|:| Name & Description |
[ .1 Station
[ 1 Poirt
O .0 Station
01 .0 Peirt
01 2 Point
01 .3 Point .
DS&C Nose & Crossing |
O/ Shunt Point | | |
O Equivalent Radi | | |01z

Symbolize Unbent Tumouts  [¥] Symbolize Bent Tumouts
Drop Station Egquation Mames

21 Bentley



Light Rail Design & Manufacturing

geometry
e Jointed rail
e Pre-bent rails
e Pre-drilled rails

e Distance keepers

27 | WWW.BENTLEY.COM

e Specialised functionality for light rail systems

e Switches and crossings are generally unique

21 Bentley
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Light Rail Model

e Creation and editing of a 3D model, based
upon horizontal, vertical and cant

- Rails
- Joints, crossings & key-points
— Distance keepers

28 | WWW.BENTLEY.COM
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Light Rail Manufacturing

e Tools for fabrication and construction detailing

21 Bentley
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The resulting model is then exported
for manufacturing

21 Bentley
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[/
Maglev

e Specific functionality to support Transrapid in
the late 90’'s

e Transrapid technology is now operational in
China

21 Bentley
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Earthwork Modeling & Templates

e Components
— Closed shapes that represent materials
- Rails & sleepers
- Ballast
— Subballast
— Other material

e End conditions
— Ditches
— Cut / fill slopes

21 Bentley
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Create Template with Ballasted
Section

Ttreate Template
Filz Edt Add Tools

=l0] x|

Template Librany: Current Template Dizplay
—y [:hdatatPrague R ail Prezentation’d Marne: IDouble Track - Ballasted % Components
EE Pairt M ame List
£ End Conditions
1 Miscellaneous

Description: I

Hel
[~ Display Point Mames —DI

[ Display &1l Components

Cloze |

" Corstraints

—4 Templates
uble Tra
= Double Track - Box
2= Diouble Track - Independen
= Double Track - L'wall
2= Single Track - Ballazted

K i
I Library  Active Templatel

F=AoH-I0 M o

Prewview:

A

33 | WWW.BENTLEY.COM
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Roadway Design with Railway

Template

File Corridor Superelevation  Tools

5+000
F=AESH-TE M

5+500

Corridor: | Daouble Track

Active Surface: |Existing ground

oadway Designer - D:\data'\Prague Rail Presentation'.data’Railway Model.ird i m| ﬂ

Section Cut Area: 3.35. Yolume: 11636
Section Fill Area: 1.36, Yolume: 13.60
Total Net Yolume: 413936.39 Cut

-5 1]

Staiori | < [E860.000 EEIEY
Interval: 20.000
Template: Double Track - Eallaste

Dizplay Superelevation
Process All
Process Vizible Range

34 | WWW.BENTLEY.COM
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Easily create track models...

ERIFERCNENA - PR =] L v, % @

35 | WWW.BENTLEY.COM
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Easily create tunnel models....

36 | WWW.BENTLEY.COM

UY Bentiey Systems, Incorporated

©




Automated Drawing Production

e User configurable for national and project
standards
- Plan
- Profile
— Cross section
- Wireline perspective
- Rendered images

e Drawings automatically produced from model
data

e Specialist drawmgs (eg SW|tch profiles and
slews)) L N

37 | WWW.BENTLEY.COM :;ﬂ-i Bentleg‘
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Reports

e User configurable
using XML style

sheets

38 | WWW.BENTLEY.COM

B Bentley InRoads Report Browser - C:ADOCUME ~1\teds\LOCALS~1\T empA\RPTAD _xml
File Toolz Help

|d:\PHDGF|A”‘I "Bentley MR OAD ™1 BhL =
= Geomely =] Horizontal Alignment Review Report
----- B Area sl
--Ad] ControlLineD ata. ksl Report Created: 7/13/20086
& HorizantaltlignmentandE vents. ks Time: 2:57pm
----- E HarizantaldlignmentCurveS etRey
----- @ HorizontaldlignmentD ata, xzl Project: Default
--Ai] HorizantalslignmentLengths. xsl D intion:
----- @ HorizontaldlignmentR eview xzl escription:
----- @ Harizantal&lignmentR eviewaS Cll File Name:
4] HorzontalAlignmentSupsrelevatio Last Revised: ted.stephens 1307/2006 14:36:35
----- @ HarizantaldndyerticalalignmentRe gt Grid Hote:” Allunits in thi P e |
----- @ HorizontalElements T able. xsl ona ctor:- 100000000 2 AT InGAIS renp :';ch:liﬂﬁr: a ;ﬁ;&f;:
- Ai] HonzontalElements<e xsl ’ .
----- Al HorizantalEverts. ksl
----- @ ListCoordinates. «sl
= ListCoardinatesS tatian. 4zl Alignment Name: 1
--Af] FrofileStationE levation.xs! Alignment
4] ProfiIeStgtionEIevgtipn&SCll.Hsl Description:
A ProjectilignmentListing.usl Alignment Style: Default
. @ ProjectalignmentListingDetailz. sl . . .
] SettingOutT able.ss! Station Northing Easting
--Ad] SlewDiagram. xsl
= Q SlewDiagramlegacyFormat xzl Elerment: Linear
""" Al T’aVE'SE-”S! FOB [ 0+010.000 22571 T2 91478.052
""" & TraversePoints.xs Pl () 1471799 297613881 91644.516
--Ai] Yerticaltlignment3PercentGrade.: : . r o .
..... K3 VenicalbligrmentandE vents sl Tangential Direction: M 75°49058.00" E
----- &) VerticallignmentR eview.usl Tangential Length: 171.799
- @ YerticaldignmentR eviewd SCIL e
----- E Verticab‘-\lignmentsightDistancth Element: Linear
) Veral verts Pl () 1471799 292513881 91644616
@ WerticalSlewDiagram. xs|
B Pl [ 2491.035 242573 061 91763344
I Images Tangential Direction: 5 72°3103.45" E
% LegalDescription Tangential Length: 119.236
LightR ailtd anufacturing
% ;!o;dwayDesign Elerment: Linear
chemaz
7] Stakeout Fl (1 2491.035 292575.061 91753.344
I StationOffset i POE [ 4+54 804 2925192654 91916.848
21 Superelevation Tangential Direction: b 75°25'%4 65" E
% g::f;es Tangential Length: 163 769
I=1 Tabling
I= TemplateLibrary =
| | _>|—I =
v

21 Bentley
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Data Export

e LandXML

- Geometry and surface models

e Instrumentation
— Trimble
— Leica

e Tamping Machines
— Plasser & Theurer - WIinALC format
— Matisa — PALAS format

39 | WWW.BENTLEY.COM
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Rendered images and VR

MicroStation.

40 | WWW.BENTLEY.COM

Direct creation of images and VR models using

21 Bentley
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