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Wouter Bulens

 Methods Coordinator/BIM Manager — TUC RAIL
* 19 years experience with Autodesk AEC solutions
« Drafter / Designer / Developer
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TUC RAIL - Infrabel

TUC RAIL was founded in 1992 with one mission: build the . But it did not end there, today
TUC RAIL Is a for High-speed and conventional rail. We provide

expertise and experience for the entire project life cycle and as a
also for the asset life cycle. TUC RAIL encompasses . civil, structures, systems, ... .

A partner in pushing the evolution of not just rail design but transport and infrastructure design as a whole forward.
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« Railway and Civil Design
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DESIGN

Learning Objectives A ANSEORMING  ANALYSIS

]
DESIGN
OBJECTIVE 3
DATA Analyze corridor data and
DES|IGN OO other design objects more
direct and iteratively
OBJECT OBJECTIVE 2
Organize Dynamo nodes to
] connect different design data
OBJECTIVE 1 In AutoCAD and Civil 3D
OB‘] ECTS/DATA Design dynamic blocks that
] are digital representations of

local standards and better fit
PRINCIPLE OBJECTIVE

your design process
Explain the need for design

objects with the correct data

and interactivity configuration



Railway and Civil Design

* No civil project is 100% alike, there Is always something different
 Different viewpoints, different languages, different understanding

 Aligning, translating, explaining takes time

« Stable and reliable, but tentative in regards to change
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We only trust the ruler




Design Object




Design Object

What work does the object need to support?

Where in the Lifecycle is it used?

* Input:
> design decision Process
o other design objects
* Process:
o formula
o decision tree
* Output:

o graphical / non-graphical

o number / text / yes-no / choice



Platform Edge

I Create Platform Edge

The rail designer choses a correct platform type from the

Marne:

eature <[Mext Counter{CP}] >
Alignment:

"_* Design Alignmert

Profile:

national standard and places along an alignment. After

adapting and validating the design, he creates a coordinate

list for construction. b Layout (1)
Track gauge:
1.435m
Station range
Start station:
‘ Ian'It 0-+000.00m
Length:
o decisions required by standard 1670. 341m
. . Side
o alignment/profile @ Right side
. Rail type
* Process: @ Heavy Rai
o apply the standard Heavy Rai

Design criteria file:
C:VProgramDataVAutodesk\C3D 2020\enu\Data‘\Railw:| | ...

o calculate graphical and non-graphical data

Property Value
Platform Height High

* OQOutput:

o geometry for drawing production / design validation

o coordinates for on-site execution
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Switch / Turnout
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The rall designer choses a correct switch type from a
manufacturer and places it on the alignment. After adapting
and validating the design, he creates plans and an order form

for construction.

* |nput:

o manufacturing configuration (ID, order number)

o 3D placement (alignment/profile/cant)
* Process:

o combine design decisions

o calculate graphical and non-graphical data

* OQOutput:
o geometry drawing production / design validation

o material order information

o coordinates for on-site execution




Blocks — Dynamic Blocks

A block Is essentially a block definition that includes the block name, the block geometry, the location of the base

point to be used for aligning the block when you insert it, and any associated attribute data. Dynamic blocks
contain rules and restrictions that control the appearance and behavior of a block when it is inserted into a

drawing or when it's later modified.

* Block Library

normal

» 3D placement by Point and Normal vector

« Geometry / Attributes / Parameters / Actions / Constraints
* Grips or Controls (limited to 2D operations only)

* Layers plane

Graphical presentation / Variants / 3D geometry / Data management



Graphical presentation

Autodesk Civil 3D 2020 Saitch Design Object.dwg
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Controlling the graphical presentation of a Dynamic Block

https://github.com/TUCRAIL/AU2019
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Variants

» | Type a keyword or phrase H _1.wbulens v E_&" ."
: i % Alignment = & Intersections = | % ProfileView = | /v /- .D 4> Move () Rotate §Tim - 7 L KX 0 -
o e **unEl
@5 Suffaces - 1J Featureline ~ [ Profile + gl Assembly - - SampleLlines 4+ (D~ T+ % Copy A Mimor {7 Fillet ~ ) % &, %, T £ Make Current
B M Traverse- AL Grading - I Coridor - Y PipeNetwork ~ 73 SectionViews ~ [~ &« T - [L\ Stretch ] Scale B8 Amay - & Properties &6 & £ % & Match Layer

Palettes ~ Create Ground Data ~ Create Design ~ Profile & Section Views Draw ~ [ Modify v  Clipboard
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Variant selection in a Dynamic Block

https://github.com/TUCRAIL/AU2019
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3D geometry
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3D geometry in a Dynamic Block

https://github.com/TUCRAIL/AU2019
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Data management

F iY== i B F=R s - |43 Civil 3D

Autodesk Civil 3D 2020 Switch Design Object.
N s
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Data management in a Dynamic Block

https://github.com/TUCRAIL/AU2019
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Transforming Design Data




Design Data

Information contained in a Design Object that is needed to:

e (Create
e (Connect
* Analyze

Why not use the Design Object:
« Clear and Precise
* Reference not Copy

* Ownership
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Create AutoCAD Data Table Formatting on AutoCAD Table
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Autodesk Dynamo for Civil 3D

Dynamo is a visual programming tool that now also works with AutoCAD and Civil 3D. Through
the existing API’s it gives the users access to the underlying Objects and Data.



Dynamo Scripts

SWITCH (ASSET) PLACEMENT SYSTEM

* Alignment / Profile / Cant - horizontal position, direction XY plane / vertical position, slope YZ plane / vertical
delta, cant XZ plane

« Switch dynamic block — geometric data, 3D (Alignment, station data)

SWITCH - PROFILE
« Switch dynamic block — name, theoretical triangle, alignment name, stationing

* Profile — name, description, stationing

SWITCH - CORRIDOR

« Switch dynamic block — name, type, alignment name, stationing

» Corridor — name, description, baseline, baselineregion



Automatic

Transforming custom nodes.dyn

CadDynamicBlock

CadDynamicBlock.GetDynamicBlockReferences

document > CadDynamicBlock[]
blockMame >

AUTO

CadDynamicBlock.ByConvertFromBlock
dbr >

CadDynamicBlock

AUTOD

CadDynamicBlock.ByRotation

dynamicBlock > CadDynamicBlock
normal >
degree >

AUTO

CadDynamicBlock.GetPropertyValue

dynamicBlock > var[l..00
propertyMame >

AUTD

CadDynamicBlock.SetAttributeValue

dynamicBlock > bool
attributeMame >
attributeValue >

AUTD

CivilObjectld

CivilProfile

CivilObjectld.GetLayerld

CivilProfile.CreateFromAsset

document > var

layerMame >

AUTD

CivilObjectld.GetLabelSetStyleld

document > var
type >
styleName >

AUTO

CivilObjectld.GetProfileStyleld

document » var

styleMame >

AUTO

assethame > CivilProfile
assetDescription >
assetStartStation >
assetEndStation b
dynProfile >
layerld >
styleld >
labelsetid b
document >
AUTO
CivilProfile.GetGradeAt
profile b4 double
station >
AUTO
CivilAlignment
CivilAlignment.GetCantinfoAt
alignment b4 Cant
station > FivotType
AUTO

CivilCorridor

CivilCorridor.CreateSwitchCorridor

alignmentidame p CivilCorridor
prefix >
switches >
document >
AUTOD
CivilCorridor.Mame
civilCorridor > string
AUTO

CivilBaseline

CivilBaseline.CreateFromaAlignmentAndProfile

baselineMame
corridor

alignment

WOoW W

profile

string

AUTO

CivilBaselineRegion

CivilBaselineRegion.CreateFromAsset

baseline > int
assethlame
assemblyName

assetStartstation

L A . R

assetEndStation

AUTOD

Custom Dynamo Nodes




Switch (Asset) Placement System

Base Alignment

Information

L

- Retrieve Position Parameters

-

Calculate Position
and Direction

-

|

Longitudinal slope
calculation and rotation

|

Cross slope calculation
and rotation

|

Create Block Reference

&

Block Selection by Name



Switch (Asset) Placement System
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Dynamic Block placement using Alignment, Profile and Cant data

https://github.com/TUCRAIL/AU2019
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Switch - Profile

Base Block

Information

» Retrieve Dynamic Block data

|

Point 1-2-3 StationOffset

Asset Relative
Position part 1

Asset Start-End
Station

I 3

Asset Relative
Position part 2

Y

Create Asset Profile

F 3

Create Profile
Description

F 3



Switch - Profile

Autodesk Civil 3D 2020 Switch Profile dwg
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Profile creation using Dynamic Block design objects

https://github.com/TUCRAIL/AU2019
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Switch - Corridor

Retrieve Dynamic Block Create Switch Corridor

-

References by Name and Baseline

A

v

Retrieve Property Values Create Switch BaselineRegion
from Block References and update corridor

F

-




Switch - Corridor
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Design Data - a data bridge between Design Objects

https://github.com/TUCRAIL/AU2019



https://github.com/TUCRAIL/AU2019

Design Analysis
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Design Analysis

Take a global or detailed look at the design to:
* Support Design
 Communicate

 Build trust

Why do we need advanced or automated analysis:
 Amount of data
« Connect data and design decisions

* Insight

Stepping stone to analytics and generative design.




Data Extraction

“the ability to extract data from objects in one or more
drawings. It searches for the objects you want, looks up the
required attributes, links to an external file to add additional

data, makes a table with a flexible format and updates”

* Only Excel Data Link (.XLSX no macro)

 Limited Data Refinement

» Single output type (Table: AutoCAD / xIs / csv / mdb / txt)

Dvnamo Data Extraction:

* Any data source available in Dynamo
* “Unlimited” Data Refinement

 Any output Dynamo can create

T Data Extraction - Define Data Source (Page 1 of 7)

Data source

(®) Drawings/Sheet set
[ ] Include current drawing

() Select objects in the current drawing @

Drawing files and folders:

- Folders | Add Folder ...
E@ Drawings
\ Add Drawings ...
€ Data Extraction - Select Objects (Page 2 of 7) O >
| BEmare
Select the objects to extract data from:
Ohbjects Freview
Object 4 [isplay Name Type
| Mon-block
[]|Frame Frame Block:
[ ]| GeolocationData | GeolocationData Non-block | Settings. .
[ ]| Polyline Polyline Mon-block
[ | Table Table Non-block | Next> | | Cancel
Display options
[] Display all object types [ ] Display blocks with attributes only
() Display blocks only I Data Extraction - Select Properties (Page 3 of 7) O
() Display non-blocks only
The following properties were found based on the objects you selected.
Select the properties you want to extract.
(Explore the right-click menu for additional options.)
Properties Category fitter
Property #  [isplay Mame Categary s [ ] 3D Visualization
(| ae e G [ ] Drawing
a 8 eometry [+] General
[+] | Center X Center % Geometry [+] Geometry
[v] [Center ¥ Center Geometry
. Data Extraction - Refine Data (Page 4 of 7) O ot
In this view you can reorder and sort columns, fitter results, add formula columns, and create extemal data
links.
Court Center X Center Center £ Circumference Mame ?
76.218 133.383 0.000 138.057 Circle
1 | 35856 150,123 0.000 213672 Circle v
1 | 3138 176.837 0.000 223764 Circle
back | [ Mext> || cancel
[] Combine identical rows “8 Link External Data...
[+] Show count column
I Data Extraction - Choose Output (Page 3 of 7) O

Cutput options
Select the output types for this extraction:
| Insert data extraction table into drawing
[ ] Output data to external file ( xls .csv .mdb .txt)

B




L. Dynamo — >

0

Analysis custom nodes.dyn

CadTable CadOb_]eCt

CadDataExtraction
CadObject.SetColor
document b CadTable
| . Pl > document ? bool
CadDataExtraction.GetData ,'HEE” — L '
. > handle >
dxeFile > Columns title '
| red >
Mats columns >
' | green >
O columnWidth > .
' blue >
AUTO data >
AL
AL
CadTable.FormatColumn
table > bool
columnindex >
dataRowlndex >
red ?
green ’
blue >
AUTO

Custom Dynamo Nodes




Dynamo Data Extraction

Dynamo Data

Extraction

-

Create AutoCAD Table

Evaluate Radius Column

—

| J

Formatting AutoCAD Table
column and AutoCAD Object

&



Dynamo Data Extraction

Autodesk Civil 30 2020 Dynamo Data Extraction.dwyg
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Perform data extraction and use its results to create table and format objects

https://github.com/TUCRAIL/AU2019
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Corridor Section Analyzer

Corridor:

“Calculated parametric sections (Applied assembly) placed

along a 3D line (Alignment/Profile or Feature Line)”

Corridor Data:

« Baseline * Subassembly
o Station o Point
o Elevation o Link
« Target o Shape
o To Option o Parameter (Input and Output)

Automated Analysis:

« Parameter (input and output)

« Automated Ruler (point code)

Assembly baseline

EasicLane subassemibly

ﬂ

EasicCurbAndGutter subassembly




Corridor Parameter Analyzer

Base Corridor

- Create AutoCAD Table

Information

» Create Parameter Data List

Retrieve Retrieve
» AppliedSubassembly — AppliedSubassembly
by Name Parameters by Name




Corridor Parameter Analyzer
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| Shortcuts E3 SetWorking Folder [} Synchronize References ] Interface Palettes L Edit Aliases = Application Senpt f RunVBAMacro (] Configure
Data Shortcuts ~ i Customization
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Retrieving parameter values from every calculated section

nttps://qithub.com/TUCRAIL/AU2019
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Corridor Automated Ruler

F Change AppliedSubassembly
Parameter

Base Corridor

Information l

Placement of indication
objects

> Measure between — Create AutoCAD Table

2 Points

|

Formatting AutoCAD Table
column

- Evaluate Horizontal Distance



Corridor Automated Ruler
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Automated ruler that measures in every calculated section

https://github.com/TUCRAIL/AU2019
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Summary -' Med’i‘um;f_Design
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* Design Objects
o Mmake standards interactive
o capture all design decisions ok
Tool # Design

« Transforming Design Data

o manage design

o connect people

b1

Individual disciplines # Design

* Design Analysis

o query your design

O custom report




Generating, Transforming and
Analyzing Railway Design Data
In Civil 3D and Dynamo

¢\ AUTODESK.
UNIVI;RSITY

connect people using interactive and

data driven objects/tools .

e AU 2019 - CES321918 Class Handout and Additional
Class Materials

« https://github.com/TUCRAIL/AU2019

* wouter.bulens@tucrail.be

ruc rai. | INFR/ABEL

Right On Track

AU Las Vegas 2019

« https://www.linkedin.com/in/wouter-bulens-11278319/

« @BulensWouter
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