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Learning Objectives

e Learn how to set up inputs right, because it's half way to success

e Learn how to maintain the balance between Dynamo intelligence and Revit
parametrics

e Learn how to make Dynamo scripts understandable and modifiable
Learn how to establish solid data workflow from inputs all the way up to outputs

Description

What are the main benefits Dynamo can bring to civil infrastructure modeling? To what
extent should visual scripting be used, and to which Revit elements' parametrics? This class will
cover these areas and show the application of Dynamo to real civil infrastructure projects.

Speaker

Valentin’s bridge engineer career started in 2011. He has worked on major projects in
Moscow, Russia, for more than 5 years using AutoCAD at its maximum. Started getting into all
things Information Modelling for Civil Infrastructure in 2014, he has been using a combination of
Civil 3D, Revit and Dynamo since 2016. Moved to Sydney, Australia in 2017 in pursuit of career
development. Valentin learned a lot from Autodesk University classes watching them online and
contacting presenters with additional questions. This lab is an excellent chance for him to give
something back to this vibrant community.
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Intro
Using Dynamo in conjunction with Revit seems like the only way to do modelling for Civil
Infrastructure (CI). | personally think, and many agree, that modelling for civil infrastructure is
always a balancing act of using the right software to the right extent, keeping in mind
transferability of the created content at each stage of design development.

Over the last several years | have seen massive Dynamo scripts written, often
replicating functionality of professional Civil Design applications. Well, many of us are visual
creatures that's why this kind of programming got such popularity in recent years.

In this hands-on lab | would like to share with you an approach which will try and ensure that
you are using the right tool for the right job and establish the solid workflow for your everyday
tasks.

Bringing the context (terrain, roads, earthworks, under- and above ground utilities) inside
Dynamo is usually quite laboursome task, and often, unnecessary. Most of the context can be
clearly seen in Civil Design software. Sometimes even dwg plan drawing is sufficient to
understand what's going on. Not to mention the whole concept of Information Modelling going
gradually through Level of Details, first of which is always a flat plan information.

Speaking from my experience, feeding Dynamo Script with 3D strings exported from a
Civil Design software (Civil 3D and alike) causes lots of issues and warning messages in the
process of script development. Even if in the end you manage to have a workable solution,
chances are it's not going to work in each and every situation with other inputs/other projects.
That's why | prefer keeping the model “live” within Civil Design software for as long as possible,
and then exporting consistent outputs to feed Dynamo graph with. Dynamo graph should be as
clear and understandable as possible and supplemented by smart and flexible Revit content.

In this hands-on lab we will have as an input an Excel Spreadsheet of the following format:

A B C D E
1 |Pile N Easting (X) Northing (Y) Top of Pile Level (Z) Wall Height
2

| got this outputs from specific to ANZ region Civil Design software. Getting this outputs from
Civil 3D shouldn't be too complicated. There are numerous ways of doing it in Civil 3D, here is
just one suggestion:
1. Spread out Pile dynamic blocks (if needed for clash detection check, even with 3D
geometry) using path array and then project them onto Top of Pile Design Surface.
EATTEXT Easting, Northing and Z value. Half of the spreadsheet done.
Projecting the same blocks onto Top of Wall surface and EATTEXTing it will give the rest of
information needed.

2.
3.

This excel spreadsheet will drive Revit content positioning through Dynamo Script.
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Workflow overview

Mindmap of the process.

Excel
Spreadsheet

Revit Project
Template File

:

Dynamo  Script
"0L.IntertrackWallsModellingXLS.dyn"

Dynamo  Script
"02.MarkingElements.dyn"

Intertrack Wall Revit Model
3D + LSEC

Post Schedule
Panel Schedule

And a more visual representation of it.
iy

1 331696945 6267949 587 7
2 331695627 6267950791 t
331694 937 6267952 344
331695 216 6267951 546 > A -
331693.976 6257956 226 - e 3%
331693 262 6257957 769 / L
331692212 6257960.038 \
331691163 6257562.307
331530113 6257964 576 90.80 220
331609.064 6257966.845 9080 220
331608.014 6257965.114 | 90.80 220
331606.836  6267571.32 L8O 220 /
331685 65 6267974 088 %090 250 /
331684 522 6257976856 9090 250 J
331683 568 6267079 162 $0.90 250 ~
331682503 6257981468 $0.90 250 me
331681628 6257983774 90.90 250 N
331680 663 6257986.081 91,00 280 N\
331679.624 6257968894 91.00 280

331678.726 6257951229 $1.00 280

331677827 6257993562 $1.00 280

2 331676.929 6267995 89

331676.031 6267958 22

331675132
331674234
33167333
331672438
331671.635
331670611
331669.809
331668.954
331667.909 6265019426
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Individual panel maximum height is driven by family type parameter Panel Hts MAX.

670

f=========3

N e B N N e ¥ P o e N

........ L L L] L)

S T

*Iﬂ - MAX 1500, MIN 500 AND WITH INCREMENTS IN MULTIPLES OF 250
(TO SUIT HANDLING)

670

PANEL TYPE A

SCALE 110

REVEGETATE AS REQUIRED

IN ACCORDANCE WITH ESC 410

[

CONCRETE CATCH

Railing application requirements. Driven by family type parameter Railing_Hts_MIN.

EMBANKMENT TO BE CONSTRUCTED

300 THICK CLAY SEALING LAYER

DRAIN

REQUIRED IF ACCESS REQUIRED

TO TOP OF RETAINING WALL AND WALL HEIGHT
EXCEEDS 2m

/ HANDRAIL

=3
0

SEALING LAYER, DRAINS AND TERMINATION OF
DRAINS AT ENDS OF RETAINING WALL TO BE IN
ACCORDANCE WITH GEOTECHNICAL ENGINEER
REQUIREMENTS

300 FREE DRAINING

BACKFILL WITH GEOTEXTILE
FABRIC IN ACCORDANCE
WITH TMC &1t

l

HANDHOLD AS REQUIRED IN ACCORDANCE
WITH RAILCORP STANDARD ESC 350

£ TRACK

9100 SLOTTED DRAINAGE PIPE
WITH OUTLET TO CESS

* REFER GA

CONCRETE DISH DRAIN AS REQUIRED
REFER GA DRG FOR DETAILS

TYPICAL WALL SECTION

SCALE 150
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Revit families’ creation

Intertrack Wall Column

This family was initially created as a single level based one, with shared
parameters driving top of the pile and top of cast-in I-beam levels. This allowed those
parameters not only to be scheduled but also to have them in Revit Tags. | thought it
was an elegant solution which keeps a dynamic link between element positioning and
schedules/tags (The user just need to place them with Offset=0 to Height Datum level).
But then | understood that this family won't work in every situation, simply because
sometimes these levels might have negative (below Datum) levels. So, | decided to
rebuild the family and make it two-level based. | thought | was genius at that moment,
cause now | can place a family setting both Base and Top Levels as Height Datum and
then assign Top and Base Offset to whatever values | want! Yes, we can even have
these values in Revit Schedules! But the negative side of this approach was that the only
way the user can tag it is by faking these parameters with duplicate shared ones and
then make Dynamo “magic” work to read actual offset values and write them to the fake
ones. But | don't think it's a good idea, so | left it as it is.

To|
A N

_Height = 5000

00_Dim_Hei

_ Base
-1000
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Subcomponents are: \

¢ Railing is a simple family modelled in different Levels of Detail.

/

N\

. \\\\
- _

\\ \\\

e Precast panel, also modelled in different Levels of Detail.
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The next step is to nest panel and railing into a Generic Model family and create an
array of panels with the railing on top. All the available parameters of these nested families
should be “mirrored” with the ones in this assembly family.

o
= o -+
H 1l =
.. 9

= o
n T =
I T =
_I I i
i E
= o

o]

=
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As always with arrays in Revit, Single panel family is placed in addition to array

one so that the family doesn’t break in single panel scenario.

Graphics

»

Visibility/Graphics Overrides

Visible

Tedt
00_ControlStringName

06_OGTE Mark

Materials and Finishes
Structural Material

Structural
Rebar Cover - Top Face

Rebar Cover1 <...

> % ) 2

Rebar Cover - Bottom Face

Rebar Cover1 <...

Rebar Cover - Other Faces

Rebar Cover1 <...

Dimensions
00_Dim_Height

875.0

00_Dim_Thickness

2500

00_Dim_Width

22000

fusuis]USficd

Volume

0481

Identity Data
Image

5 »

Comments

Mark

Other
Label

<None>

Schedule Level

Graphics

»

Visibility/Graphics Overrides Edit... }

Visible

Text
00_ControlStringName

0000 TE_Mark

Materials and Finishes
Structural Material

Structural
Rebar Cover - Top Face

Rebar Coverl <...

fit et st i

Rebar Cover - Bottomn Face

Rebar Coverl <...

Rebar Cover - Other Faces

Rebar Cover1 <...

Dimensions

3
00_Dim_Height 875.0 E
00_Dim_Thickness 250.0 E]
00_Dim_Width 22000 =
Volume 0481
Identity Data 2
Image []
Comments
Mark L]
Other 3
Label <MNone> H
Schedule Level Ref. Level

Next step is to assign correspondent visibility parameters to single panel, array
panel and railing.
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This panel assembly then is imported into 2 points adaptive family. Here is the

screencast showing how it's done:

https://knowledge.autodesk.com/community/screencast/57d84de4-017c-4b34-9474-
e344bc3a4c4c

Resulting family adapts to setout points and have main design and manufacturing
criteria assigned via Type Parameters. This allows design inputs to be easily changed even
after the model is built (providing plan setout stays the same). If the plan setout changes, then
it's always better to get back to Civil Design application and re-do the arrangement simply
because there are too many things designer needs to take into consideration, which none of the
scripts out there can capture and interpret.
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Dynamo script overview

Inputs, User Discovery and Retrieval Processing Data  Creating Elements Creating Elements Writing Data
Selection, Credits of Information (Including Python) in Dynamo in Revit

Dynamo Graph Template

Each input is marked with the input type and has prefix in its name
denoting in which part of the script it is used. Numeric naming convention is used
for data processing and manipulation. Alphabetic — for placing Revit families and
setting their parameters based on calculations.

The main processing parts are:

01_Getting data from Excel;

02_Transforming World Coordinate System into Project one;
03_SetOut Points from XLS;

04.1_Extracting Control String information from the file name;
04.2_Pile Number from Excel to Mark family parameter;
04.3_Python Script_" Post Rotation Calculation;
04.4_Panel Placement Determination;

04.5_ Panel Height Calculation;

04.6_LSEC Processing;

04.6_LSEC_ SetOut points;

A_Panels placement_3D;

B_Posts Placement and rotation_3D;

A_Panels Placement_LSEC;

B_Posts Placement LSEC.

Dynamo script is built so that it should be able to guide the user through it by itself, and you
don’t need to move your eyes away from the script. The following pages are for those who are
not yet comfortable enough with either Revit or Dynamo or both of them.
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Getting started with the script

1. Open Revit, hit “New” on the home screen:

©

MODELS

Creates a Revit model file

™ New.. @

2. Browse for a template file in the DataSet:

Template file
[Structural Template

Create new
© Project

v e B X & vews
Preview

Lookin: [ ). _Template
Name ’ Date modified Type
Hhtemacl(wdlsModdlinﬁLS.rte 24/10/2018 8:29 PM _ Autodesk Revi
A
iy
My Computer
: <[ mn ] »
File name: IntertrackWallsModellingXLS.rte -
Files of type: [I’amht: Files (*.rte) ']
[ e

Hit “OK”.

AUTODESK.
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3. Save the file in the root folder of the dataset, if possible give it a meaningful name.
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4. In Revit, push & + Left Arrow. Then go to the Manage tab in the Ribbon, open Dynamo.

_Jms vl

Manage  Add-Ins

)
’ a>
e ]
Dynamo Dynamo

Player

Visual Programming

o a

e oerrr— L

RB =BG

I AN

Visual Pr..| Phases

2
«  Phasing Selcion Inquiry Macros

x [ ano x

- GNRRW-GEN-ADT-terrackWalAsiem|
200k

2507k
- ANZ-GNR-RW-GEN-LVL tertrackWallAzsem,

1m0 B GRHD o BT
&

Syptms et Amotde  Awmbie  Masing&Site  Collborate Vi

)

(=R

OtntertrackWallsModellingXLS_99.FINI:
Ot.IntertrackWallsModellingXLS_99.INI:
Ot IntertrackWalisModellingXLS_S0.Mile
Ot.IntertrackWallsModellingXLS._01.STAF

0 IntertrackWallsModellingXLS_03 Mile

Dynamo window might be off the screen. Find it by pressing & + Right Arrow several times.
The result should be as following (both Revit and Dynamo windows are on the screen):

REFERENCE

F Getting Staried
Ml oynamo Primer
)

() videoTutorils

®  Dynamo Didtionary

Basics_BasicO1.dyn
8a 02.dyn

Bas

03.dyn

ttractorPoint.
Core_CodeBlocks dyn
Core_Listatteveldyn
Core_ListLacing.dyn

7. Now we are ready to open the script itself. Which is named the same as the Revit template
file, just with the suffix “START” and located in the DataSet root folder.

——

Note: Depending on your level, you might choose to open the one with suffix “FINISH” for a complete script or
“FINISH_FROZEN" to be able to follow along thawing nodes and exploring the interim results the nodes are

outputting.
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Conclusion

In my opinion, visual programming is a much broader definition than it sometimes
considered to be. It's also intelligently built Revit Families which reflect some crucial
Design Codes or Manufacturing constraints. A properly built family is the one which is
programmed to follow design standards, minimizing human error in tweaking its
parameters.

Visual programming is so infectious that it's too easy to get carried away by it.
For example, panel height calculation or railing application could have been processed
through Dynamo script, but then chances are Revit will feel disappointed and will start
crashing simply because the one is not using its strengths accordingly.

What potentially could be done with Dynamo is analysis of the setout and
suggesting better post layout and heights to minimize overall number of panel sizes, so
that it will be cheaper and faster to manufacture them. It is worth developing this sort of
algorithm for a massive scale project, which might be just around the corner.

To wrap this all up, maintaining the right balance between the range of tools and
their strengths is a much more complex, but at the same time much more rewarding
thing to do. Hopefully this lab has given you another way of looking at Information
Modelling in this day and age.
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