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Express 4d Simulation Scheduling and Construction

Management with Dynamo

Enrique Galicia Tovar
Concepto Integral S.A. de C.V.

Learning Objectives

e Learn how to create in minutes a 4D simulation from model information and
construction workflows

e Solve time scheduling for a model-related structure, and get a Microsoft Project
output.

e Learn how to integrate Dynamo player routines as a model quality checkup
process for construction management.

e Learn how to use time information on Revit software’s model to create
comparatives and different types of analysis.

Description

4D time simulation in Navisworks software for construction projects are often complicated BIM
(Building Information Modeling) services to be used on a daily basis. Reasons can include
problems in model coordination, time and element mismatches, time model execution
availability, and more. With this approach, we will use the Dynamo player and Dynamo
workflows over Revit 2021 software to clean, manage, label, and even create a time schedule
so 4D simulation can be easily created and the communication proposal facilitates model
coordination and execution. We will cover several routine workflows so that all elements for any
type of intelligent model are aligned clean and useful for project management, enabling us to
link the model and time schedules with Navisworks in record time. This instructional demo is the
synthesis of 13 years of simulations from different projects to make 4D simulation a required
task for all projects.

Speaker(s)

Enrique Galicia is a BIM Specialist which works as a Consultant to several International Firms,
He provides real construction solutions to common problems while implementing and using BIM,
using Autodesk Revit, Autodesk Navisworks, Autocad Civil 3d and Dynamo. He has 13 years of
experience with workflows of BIM, interoperability and developments.

Worked over more than 110 projects with BIM, and worked deeply on research to enhace future
workflows for BIM uses. Awarded Excelence Professor of Architecture on 2019 by the
Tecnologico de Monterrey giving BIM Courses and Seminars, Has developed 81 online courses
on Udemy's Platform to spread the word using BIM true potential with more than 15000
students over 154 Countries, and its always happy to help.
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Introduction to 4d Simulation

4d Simulation it’s the process of linking time schedule with construction elements, so that it can
easily give us an idea of how construction would be performed, tracked and reported.

Samples of 4d Simulations.

To create a 4D Simulation, Construction Tasks and Elements in the Model need to be
connected and that’s the main problem when doing it so, time schedule needs to have Revit
Elements and the Model requires to have elements for all time schedule tasks.

My First 4d Simulation Project was a hospital with more than 300 hundred tasks and it became
really complicated to link all elements, mostly because mismatch between them and the
required time execution.

After several 4d Simulation projects, a lot of practice and improvements on efficiency methods,
and the use of Dynamo on the workflow its much more easy to create 4d simulation that hold
the characteristics required and can be created faster than ever before.

So lets review the Basics.

Revit Introduction

Revit it's a BIM Modeling Software that
allow us to create construction
elements with parameters, so that
elements can have properties such as
measurements, categories, level,
materials, and coding capabilities such
as assembly code and keynote code.

By its elements models can follow
construction processes and can to
linked to tasks.

Best approach its to create selections
and save those values as tasks
themselves, using a Shared Parameter.

A Shared Parameter it's a custom
created parameter that can be assigned
to any Revit element so that information
on it can be retrieved later on.

Page 2



4\ AUTODESK.

UNIVERSITY

Navisworks Introduction

Navisworks it's a BIM Platform Software that allow
us to coordinate multiple models with multiple data
values and create interactions with them,

It uses a selector by properties to create search
sets and selection sets.

Search Sets are property driven selections that in
this case can select elements by category, by
parameter property value, level.

On the other hand Selection Sets are user defined
selections for objects to be picked up.

Elﬂ Element
ﬂ Area
ﬂ Base Level
ﬂ Base Offset
ﬂ Building Story

o ~ .

Basic Simulation WorkFlow
The main problem its that elements are separated by multiple circunstances so that their
requirements are specific and so on the planning.

Step 1 - First Simulation Workflow

We need to Export properly our Model from Revit to Navisworks.

For this we need to have installed the Navisworks Exporter we can get from
https://www.autodesk.co.uk/products/navisworks/autodesk-navisworks-nwc-export-utility
It oftenly installs the exporter once you install Navisworks but there are cases and
depending on the version that you might need an spetial one.

File Architecture  Structure  Steel  Precast  Systems  Insert  Annotate  Analyze  Massing 8 5ite Collaborate  View  Manage  Add-Ins  Modify =l

@) & - B R

Modify| | External | Transmita model ~ About Import Formlt  Convert RF}’\v
Tools to RVT to Formlt

Select = | Mavisworks 2021 Formlt Converter

Mavisworks SwitchBack 2021
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Open the Exporter

R Export sceneas... X
Guardaren | | | 201015_Autodesk Universty v @& e @
i Mombre - Fecha de modificacién Tipo
R 01_Simulated Project.nwc 20/10/2020 07:40 a. m. Navis
Acceso rapido
Escritorio
-
[ |
Bibliotecas
Este equipo
@ ,
Red
Nombre Djects V| | Guardar |
Tipo: |Navisworks (“nwc) v| | Cancelar |
| Mavisworks settings... I
M Navisworks Options Editer - Revit X
(- General Convert construction parts
- Interface
Model Convert element |ds
El- File Readers Convert elemert parameters Al w
& et
Convert element properties 7]
Convert lights [
Convert linked CAD fomats
Convert linked files
Convert room as attribute ]
Convert URLs
Coordinates | Shared ~
Divide File into Levels
Export | Cument view
Export room geometry
Try and find missing materials
{
oot ok ]| Corcal || Hap |

Important options to be selected are
Convert Element Ids
Convert Construction Parts
Convert Element Properties
Convert Linked Files.
Elements Ids would be usefull if we want to find elements by the unique identifier
Construction Parts can help us to get much more detail on the elements
construction
Element Properties are required since we want to know about elements
for selection
Linked Files just in case we want all files coordinated to be in a single file
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Create Selections of Elements.
Once Exported we can open it on Navisworks by Append we can use the selection tree
and the selection sets to create selections.

BE TEap

Viewpoint  Review  Animation

View BIM 360 Glue  Render

Output

j &3 B | % QEE E' 4 Find ltems
[7 n L[ _ .
) ] Quick Fird a
Append Refresh Reset  File Select Select Selection
M All.. Options || 7 All Tree |[Blsets | &
Project = Select & Search « ‘

E Fﬂ Find ltems

Quick Find  Cf

Selection

1

Manage Sets. ..

We can select elements from the selection tree and create selection sets or we can
select from the model and create selection sets.

Sets

B#me U X

Review  Animation

Save Search

New Folder

Import Search Sets...
Impert PDS Display Sets..
Export Search Sets..

Sort.

And so on until the model its completely selected.
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Create Tasks of Elements.
Once we have all tasks

Wl #Es 536 ¥ il B

() Task 1
(il Task 2
-l Task 3
() Task 4
() Task 5
(il Task 6
() Task 7

We can work with the TimeLiner

E % % @ E Appearance Profiler

B2 Batch Utili
Clash  [Timeliner Puantification Autedesk Animator Scripter 8% Y DataTools =~ App Manager

Detective Rendering IE Compare

Tools

And we can right Click on the Task from the Time liner to create task from
every set.

TimeLi

Tasks | Data Sources | Configure | Simulate |

(Freem 2[R (R[] (@) [ [B [ 2 [=] [ [@)  [E)[E]E[E
Active Mame Status | Planned Start Planned End Ackual Start Actual End Task Type

Add Tazk

Auto-Add Tasks  » | For Every Topmost Layer
Find 4 For Every Topmaost ltern

For Every Set

So that would Create Tasks already linked wit a single time.
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Manage Those Tasks

We can modifz time from those elements to fit our reguirement.

TimeLiner

| Tasks |Data Sources | Configure | Simulate |

| C3Add Task gi‘ﬁ-‘ |'@:['3Attachv"@:ﬁ‘ | &8- | ‘ | | |@ @[@. Zoom:

Active Marne Status | Planned Start Planned End Actual Start Actual End Task Type Attached
Task 1 == z0f104z020 2001042020 I 1Y Construck @Sets— =Task 1

Task 2 = z1f1002020 211102020 Tj A /A Canstruck @Sets— =Task 2

» Task 3 =3 zzfinfz0z0 2z2/10/2020 Tj A /A Canstruck @Sets— =Task 3
Task 4 =3 z3fiofa0z0 231002020 I Mja Construck @Sets— =Task 4

Task 5 =3 zef10f2020 26/10/2020 I Mja Construck @Sets— =Task 5

Task & == zriofz0z0 F7H0z020 I MiA Construck @Sets— =Task &

Task 7 == zaf109z0z0 231002020 I MA Construck @Sets- =Task 7

Create Simulation.
Jumping to the Simulate Tab we can directly use play to review the element creation.

Timeer i

| [ rashs | Data sources | contiowre | simuiate

[fafa[OfW]o[w]0 —
; = (s 030 o0
[is] || settingt.. | 2002020 w1000

mércoles octubre 21, 2000

0 1 ae | stas | Pl stan | rmadnd | At st | Actnlend | Tl ost | ToskTrpe
ipn 20.m o e sp.m som 7o.m T o o lipn

So the previous workflow get into a simulation but it would require a lot of selections, tasks and
other thigs difficult to manage on Navisworks, so let go deeper with the Revit Management.
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Simulation with Revit Management

Getting better in simulation values we need to set properties on a shared parameter we will call

SIMULATION.
Architecture ure  Steel  Precast Systems  Insert  Annotate  Analyze  Massing 8 5ite Collaborate View  Mana
@ dEk|e- p © FE R
- =N = = = =) {aB}
Materials = CE Additional _ i Design Manage = | Phases
&F 5 & v Settings i - Options  Main Model ~ | Links o
Settings Project Location Design Options Manage Project Phasing Selectior
B Project Parameters ® |
) Parameters available to elements in this project: £
3D View -
Add...
3 w Edit Type
{30} | ﬁ Modify...
A oA
e | Remove
gion Visible |
ion Crop |
Active |
Dffset 048000 b
s help Apply
rowser - 03_Simulated Project.rvt
iews (all) ~
‘loer Plans
o Level 1 | oK |  cancel ||
o Lewel 2
o Ll 3
Cita

So we will start by adding a parameter and Making it Shared.
https://youtu.be/CAfxvtyf4gQ
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Parameter Properties *x
Manage  Add-Ins  Modify =
Parameter Type Categories _
() Project parameter Filter list: - B =
I {(Can appear in schedules but notin tags) [ Hide un-checked categories : i Dynamao D‘_: ;'\’.IT\C
-4 L] layer
(®) Shared parameter Abutments. A

Selection Inquiry Macros Visual Programminy
(Can be shared by multiple projects and families, exported to ODBC, and fuiny 9 9
appear in schedules and tags)

Air Systems
Air Terminals

Alignments Edit Shared Parameters X l
Select... Export... Analytical Beams
Analytical Braces Shared parameter file:
Parameter Data
Name: Shared Parameters X ‘ F:\03_Proyectos A:hvos\zululgjumde‘ | Browse... | | Create... | o
| SL I e SRR O Type Choose a parameter group, and & parameter. Parameter group: m
Discipline: (® Instance ‘ ) | F
I Parameter group:
- | Parameters:
Type of Parameter: Values are aligned
o Values can vary by Parameters: HE
' Group parameter under: Edit... Properties...
! |Dimensions o
5 N Move...
Tooltip Description:
<Ma tooltip description. Edit this parameter to write a custom toolt Delete
ot o mimims Attt
Add to all elements in the selected categories ]
Rename...
Site Delete
Ceiling Plans
oKk || cael || hHeb
ok Cancel | Heb
On a new Tab Group Called Simulation and Called it SIMULATION set as Text.
Parameter Properties X
Name:
[ sMuLATION |
Mew Parameter Group >
Discipline:
| Common ~ |
Mame: | 5i|TILJ|EtiUFI| | Type of Parameter:
|Text |
Tooltip Description:
<Mo tooltip description. Edit this parameter to write a custom
[ ok | cancal |
= Edit Tooltip...

[ oK | cancel

And we will add them to elements in the model
On this Sample we are using just.Floors, Structural Columns, Structural Framings and Structural
Foundations.
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----- [ Spaces A
----- [1 Speciatty Equipment

----- [ Sprinklers

-] Stairs

----- [1 Structural Area Reinforcement

----- [l Structural Beam Systems

----- Structural Columns

-] Structural Connections

----- [1 Structural Fabric freas

-] Structural Fabric Reinforcemert

----- Structural Foundations

---- Structural Framing

[ Structural Intemal Loads

[ Structural Loads

----- [1 Structural Path Reinforcemert

----- [1 Structural Rebar

----- [l Structural Rebar Couplers

----- [ Structural Stiffeners

----- [ Structural Tendons

----- [1 Structural Trusses W

And then the difficult part is to set their values.

REeHG 4 2-S=2-2O0A G- 2EHBE-~ Autodesk Revit2021.1 - 03_Simulated Project.vt - 3D View: [30] o Qssseeenss [ AW @ - & R
Awchitecture  Structure  Stel  Precast  Systems  Inset  Annotate  Anshze  Messing&Site  Colloborste  Wiew  Manage  Add-lns  Modify | Staucturel Framing 1w
I ¢ I Cope - | | en a Q- — [ = . 3 Save
B| B[O XKeelw pa e oo = Bl B T % fow
Modity| [THT ! E R e | =5 5 o 799 et cat g Bt Pk Fiter |
= T B Fen- 24 O M3 x & " Family " T WerkPlane  New 5 it
Select = Froperties  Clipboard Geometry Modify View  Messwe  Cieste  Mode JoinTook Justification Work Plane Selection
Modify | Structural Freming Activate Dimensions
Properties x [1id (30} S (30} X [ Level 1 [ Level2
M_Concrete-Rectangular Beam
Multiple Types Selected
uuuuu
Common (23) ~| 68 &
Text
SIMULATION o
Materials and Finishes )
Structural Material | — ] S— | —
= Qo =L
Curt | ennth B
Properties helj | S— ) S— — L ]
Project Browser - 02 Simulated Projectrvt x
-0, Views (all) L e 1 e e e e 1|
& Floor Flans
Level 1
Level2
Level 3
Site | — e 1
= Celling Plans
Level 1
Level2
= 3D Views
G0}
(5 Hlevations (Building Elevation] Vhn B OGGG AR GE s R GTe <
Click to select, TAB for ahemates, CTRL sdds, 5 L N R R ]

So that all elements are using at least the Category and the Level they Belong.

Once the Model its ready next step its to create a time schedule of all tasks.

We can use the Same Method of creation used before just by using the selection tree properties
to create the search sets and then create the timeliner.

https://youtu.be/jrJUiVzytil
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Autodesk Navisworks Manage 2021 Untitled

Render

‘_1 &3 Refresh % %] & Select All - [} Find Items [ A @ Require &2 Links w rd) E FIE [ =
% Reset All... = &} Select Some ~ | Quick Find ¢ Y (0 Hide Unselected b 2 By i
Append L Res Soiect | save b SelectSame L e & & L Clash  TimeLiner Quantification 2Ll — App Manager
v [ File Options * |Selection | Selection Tree| [Blses ~ B & Unhide All ~ Properties Detective g

Vi

Project + | Select & Search « Tools

isibility Display

Selection Tree o x || sets o x
Properties o el gaEn 4l @&
% Room Bounding ~ 15509 X

o smuLaTION
E Micolia]
Mcol_12
Mol 13
Mcol_La
Mol Ls
MFlo_L1
MFlo_L2
MFlo_L3
MiFlo_Le
MFlo_Ls
MiFlo_Le
MFou_1
MiFou_2
MFra_L1
MiFra_L2
BiFra_L3
MFra_L4
M Fra_Ls
MFra_L6

@ Slope

Start Attachment Type

Start Level Offset

Structural

% Structural Material

% Structural Usage

TR T b e

C:\Users\MagUne \appDal i i 1age 2021\AutoSave\01_Simulated Project. Autosaved.nnf et | e e B 268 !

And then Create the Tasks on the TimeLiner Same as Before

Autodesk Naviswo

Animation  Wiew  Output  BIM 3

& Select Al - (, Find Iter
Append %] Reset aun... + | uick find
& [ File Ogtions [ Selection Tree| [tlset: ~ TimeLiner
Project = Select 8 Search « T
- Tasks | Data Sources | Configure | Simulate
Selection Tree v % || Sets L [x] !
Properties v EMmER 3B Add Task | =2 | -| = attach - | 5 | . - ’j[
o 5 3¢ =1 o 1 i3
=% Room Bounding ~ 15 X |q | '? | & | Bl |g_| | E l
S SIMuULATION -4 cor_1
af.::'f: = oL Active Name Status = Flarned Start | FlanredEnd | Actual Start Actual B
|_ Col_L3
o W ol s v == zofinjaiel | 200020 WA A
B cais | = oaiofEe0 ZLIOPER0 NjA Mk
] : e = == opppnfzoz0 PRILOf2020 MiA /A
L] F\c:u kA == pafina0en 2302020 M RIe)
W rios = == o2gfi0jzoz0 2610f2020 A o
: : :ct: = = 2702020 2700 i His
- Fic
w" Fou1 = == zglinf0en 2811002020 e i
Wrouz = B2 poji0fz0z0  2910f2020 QA M
B M == q0fi0/a020 0102020 Ni& His
- ::"t: = == ogguyfzoz0 02112020 MiA oy
Bl % — 0I/E020 NiA M
) 5 e
(4 Start Attachment Type Wres | — O4j11/z020 i %
5 Start Level Offset Wrels = = 0512020 WA NIA
B9 Structural .
MY structural Material | [— 06/11/2020 M MjA
@4 structural Usage —= - .- =] fAnde 1 ssaan e aita
i+ il v € ¥||4
= 2021\Auts!
C:\sersMagLing | Manags 2021V 1_Simuleted Project. Autosa

And Manage the Tasks so that the time properly corresponds with the expected result of
creation.
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https://youtu.be/9cVG7TJokXE
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Create a 4d Simulation in Minutes.
Dynamo as a game Changer.

Dynamo it’'s a Playground application that runs over Revit, and on recent versions over Civil 3d,
Advanced Steel and Autocad

It allows you to easily create by connections simple routines that can be tested and used to
enhace several elements.

Improve Complex Modeling

Automate Repetitive Tasks

Set Model Management

Transform Model Information

Create interoperability between different files.

So it enables workflows that can be nurtured by the requirements and the company standards.
And in our case it would transform completely the 4d simulation possibilities.

Dynamo may become overwhelming in some circunstances for new audiences, so just relax
and start pulling strings and connectors so confidence can be built.

Dynamo requires a lot of resilience, but the benefits are incredible.

Have realiced that theres three types of audiences.
Raw Users — That would pull all nodes form scratch and link with normal coding
Medium Users - That would use workflow scripts and custom nodes to complete their
requirements
Low Users — That would just use the Dynamo Player, as their working tool.

We will set the workflows for Medium and Low Users, but all scripts would be shared.

Dynamo SetUp
For Dynamo to work we need to set up some libraries. So we need to click on packages on the
dynamo window.

R Dynamo - X

B Dynamo

FILES ASK

New E Discussion forum

Custom Node Dynamo website

e O

Open

REFERENCE
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Open Search for a Packages and Add R Oniine Package Search ___
Data Shapes

P raCtlcaI B I M Generative Design_at Hogwarts

Rhythm

Once we have it we can create a New Script. Irr D

Macro4BIM

Custom1

Quasarll

LG_CustomMNodes

Using Dynamo for Writing the SIMULATION Parameter

R Dynamo

Theres going to be a left side of nodes and a right side with a 3d Screen.
On the top Rigth there are two icons to change from geometry to nodes just ensure you are
using the nodes selected.
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Creating the Script
For the Script creation we need to understand the logic of Dynamo that its pulling the elements

from one side to another 1 input multiple outputs.
So its pulling information from Revit to proceses it and to write it back.
First two nodes are Selecting all elements of category of the category we are requiring.

Categones All Elements of Category

structural Foundations ~ | Catego
oY Category Elements

Categories is selecting a Category and All Elements of Category its getting all elements.
Elements in Dynamo have multiple characteristics and each element its linked with an object in

revit.
Then we need to extract all elements on the Model

Al Blemens of Category
SOV fouraatons - Casgry .\q Calmgory [ermerny

:
:
.

Al Blerreres of Catagory
Cangry Derrwras

SO Prameng

Canogury

‘ SsTucy fowymes ~ L"bofy (.vr’ 1) warse,

|

And Join them with a List Create, the List Create would set all values on a single list and by that
we have control of all elements selected.
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Categories All Bernents of Category

Structural Foundations »  Catesory Category Derments

I

Foo v
s Categovy D\‘ Category Demeres \
oy
m
Structural Framing. - Capegary ..\ /
Dements

| -

Next we need to have the level properties value and it will depend on the element we are
selecting, Structural Foundations and Floors use Level property but Structural Framings and
Structural Columns use Reference Level and Base Level.

Bement. GetParameterValueByName

element > vafl [l

The Get Parameter Value by Name its actually extracting information from the elements.
The Information Extracted in this case it's a Level element hence it need to be extracted the
property of Name.
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Element.GetParameterValueByName
E‘|EI‘I’]EF‘It > \.I"arl]..[l Ie\.,rel > String e
S tiree s AUTO
With that transaction we get a text (String) value that can be easily used to write our label.
So we need to compress it to change Level 1to L1

We are going to use the node GetCompresedStringF_N that changes names like that the only
requirement is to have a space before the number to be used.

parameterName >

GetCompresedStringF_N

Level.Name

. values > stringscompresed
level ? string & P

AUTO
AUTO

For the Category Names we can create a list with the same order as the categories selected.

Code Block
1;["FOU"’"FLO"’"FRA","COL"]; >

Do the same list create with the level values and use a code block called a+”_"+b to add the
Category Text to the Level Name to a single String.
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Code Block
Code Block
1 a_'_II_II_'_h; =

And finally that result we will use it on the Model Elements with the node
Element.SetParameterByName

—f item |t - | list
——————

itern 1 Element.SetParameterByMame

itern2

element > Element

Code Block
1"STIMULATION";

itern3 parameteriame >

value >

Code Block

" " " " " " " " _L:t
1. ["FOU","FLO", "FRA","COL"]; Code Block <@ List
1at" "ih: 8 1208 x 1282 ¥ 45emm 297334
. El
) . : 1808 x 128¢ X 458mm 297440
: N \ Y 20 1300 X 1202 X 458mm | 297533
List Create T TE = 31 1208 x 1200 X 45emm | 297612
76 COL_L1 : \ 4 2488 X 188@ x 458mm 297715
;; :EHf g 50 1500 X 1288 X 458mm | 297780 e
CoL_L=2
7o COL_L4 Bl 1300 x 1208 x 458mm 297933
g8 COL_Ls 70 2490 x 1282 ¥ 458mm 295004
830 CoL_L3
&30 oL L4 &l 1300 x 1288 x 458mm | 298059
830 CoL_LsS 80 2408 ¥ 1300 x 458mm 293098
g; :zt—tf T80 1268 x 1788 x 458mm | J6R719
86 :CL_Lz 3@ @ {2841 -
871 COL_LS i
88 COL_L2
830 CoL_L2
aEl COL L4
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So it may seem little complicated if you are new to Dynamo but at this point we already have
one labeling script that can pull information to the exact spot that its required and we can used it
with the player for any type of file as long at is using the SIMULATION parameter.

Call the Scritp 01_Simulation Parameter.
https://youtu.be/9gjykckxZMs

Creating a Time Schedule from Model Information
Next process its to create as easy as possible a time schedule with all simulation activities.
So we need to start by pulling all categories on proper order so that they can get proper timing

All Elements of Category

Categories

Structural Foundations « | Category Category Elements

Categories All Elements of Category

Structural Framing ~ | Category Category Elements

All Elements of Category [y

Categories

Floors v | Category e . Category Elements

All Elements of Category

Categories

Structural Columns v | Category b Categary

And from there get the new SIMULATION parameters values so that we can find how many
tasks are there, using a Get ParameterValueByName a Unique Items and a Sort so they are
sorted by their values.

Code Block
1 "SIMULATION"; | >

Element.GetParameterValueByName

element List.Uniqueltems

list [22 B> list oy list > newlist

parameteriName
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Ant then by counting the numner of elements will give them each field a duration value in days
such as 2 for foundation tasks, 2 for framing tasks, 3 for Columns Tasks, and 2 For Floors.
And mix them with the TImeDurationProgression node that would give us time separation for
each particular task adding to the end a progression of days for each group to start.

Code Block

Code Block

Code Block

TimeDurationProgression

StartValues

item

List.Count

list [22 [

| amount DurationValues :

A~

With those numbers now its easy to work with time creating a starting date by numbers, and
using the values of the progression as time spans that can be added to the start date, and with
the duration of those tasks.
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Code Block

DateTime.ByDate

DateTime.AddTimeSpan

dateTime dateTime

timeSpan

Time5pan.Create
days

> timeSpan
hours >
minutes b
seconds >

>

milliseconds

/ S dateTime
= : . 4 timespan >
- . days » timeSpan 1
hours >
minutes >
seconds »
milliseconds >
Auste

Because we want to read properties directly to Navisworks we will export the time to Navisworks
Time with the node FlattentoNavisworkstime

DateTime. AddTimeSpan ’ )
FlattentoNavisworkstime

dateTirme

CateTirmesto MawDateTime

FlattentoMaviswarkstime

DateTime AddTimaSpan
‘ dateTirme » dateTume DateTares > MavDateTirme

LimaSpan > NFTO
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And arrange data so we can have a list of simulation parameters, a task type of Construct, and
Start date and end data formatted for Navisworks import, finally once its already created we can
export the file to csv

1 “Construct®; >

Data ExportCSV
>
>

filePath void

List Tranapose
>

lists
o

-
i 3
tond > \4 itemt
i

Called the Script 02_Simulation Time Schedule.dyn
https://youtu.be/wPPgU66]BNU

Exporting the File to Navisworks with the csv file now can be linked so that the simulation can
be created quite easily, just need to append the nwc file to Navisworks and on the Timeliner use
the option of Data Sources and Add the csv produced file

TimeLi
Tasks | Data Sources | Configure | Simulate |
’W| %Ieete || Fefresh

|
| CSV Import ||

Microsoft Project MPX

With this configuration so that values can be pUIIed to create a time schedule.
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Field Selector X

CSV Import Settings

Row 1 containg headings

(@) Automatically detect date ftime format
() Uze spedific date/time format

dd/™MMfyyyy hhizmm

Column External Field Name N

Task Mame FOU_L1

Display ID FOU L1

Task Type Construct

Synchronization ID FOU L1

Planned Start Date 10/10/2020 12:00 AM

Planned End Date 12/10/2020 12:00 AM

Actual Start Date

Actual End Date

Material Cost

Labor Cost

Equipment Cost W
| Reset Al [ ok | cance || Hep

And with out selecting the Row 1 contains headings, once selected then we need to select the
Rebuilt task hierarchy from Link

[@Add - | [aneletev‘ [[;_‘gﬂefresh - |

MName Source

Mew Data Source SV ImE
Rebuild Task Hierarchy

Synchronize

Edit
And the Time schedule its been created just need to map the property of Element SIMULATION
with the Name of the Task by selecting .
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ifigure | Simulate

ne Status | Planned Sk
Autoattached assigning Rules with the Property.
Rules Editor >
Fule name
SIMULATION
Rule Templates

Attach Items to Tasks
Attach Items to Tasks by Categor

Rule description { dick on an underlined value to edit it )

Map Timeliner Tasks from Column [Mame to Items with the property with
Category Mame 'Element’ and Property Mame "SIMULATION', Ignoring case.

—

With that we can now test the simulation and it would run as config, probably not perfect on time
planning but still pretty fast and usefull.

https://youtu.be/uPdKOgP-vJs
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Creating a CSV Structure for Ms Project

So simulation works well but still we can improve if data can be used for MS Project workflow so
dependencies can work with the data displayed.

We can start that script by using the previous one.

We are going to read the csv file to separate and format information properly.

Data.lmportCSV

Browse... > —q filePath > list
F:\03_Proyectos Activos\201019_Autodesk University\01_Simulation.csv s transpose >

Once Extracted we need to detail the task name so need to separate the categories from the
levels so we can use the string split function and then group the values on diferrent lists so the
category name can be inserted as a first task to be used.

str > ¢ - strings

separator0 >

Code Block

With those values a List.groupbykey node would simplify the management by separating
information in groups, that can be labeled later on as the name we will like to see on MS
Project.
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1 ["Foundations”, "Framing”,"Floors","Columns"];
List. GetlternAtindex

list

Code Block
1 ["FOU", "FRA"™,"FLO", "COL"];

unique keys

T

Using the same grouping convention the other values would be separated and added to the
same list so values are complete.

The only different ones to be display are the Dates cause we need to use the
ParseCSVDatetoDate so the string can become a date, and with proper DateTime.Format now
values are on the configuration required by MS Project.

ParssCSVDatetoDate
>

DateTime. Format

dateTime
groups

Code Block

1 “dd/WN/yyyy™; |>

keys > unigue keys

Code Block

Need to change the end date for duration using a TimeSpan.byDateDifference and
timespan.totalDays, and once everything its configure its time to create a new csv for MSProject
Import.

ParseCSVDatetoDate

. o > dateTime ps

File Path

List Create List.Firstitem

List.Transpose

List Create

item0 * |- list
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With the new file we can open Microsoft project and finish configuring it .

Open

@ Recent
. OneDrive

Other locations
EI;I This PC

[
=) AddaPlace

[ Browse

E Open
“ v P <« 03_P..
Organize + Mew folder

* Downloads &
Documents
Ja— [ Desktop

[&] Pictures

J’ Music
Pl 30 Objects
F B videos

Yey i BOOTCAMP ()
w Local Disk (D)
= VERDREN (F:}

= Local Disk (D)

= VERDREN(F) v <

» 201019_Autodesk Un... v O

Mame

@ 01_Simulation.csv

@ 01 _Simulation.mpp

@ 01_SimulationT.csv

02_Simulated Project.0001.rvt
02_Simulated Project.0002.nvt

& 02_Simulated Project.nwec
02_Simulated Project.rvt

D 02_Simulation Time Schedule.dyn

@ 02_Simulation.csv

03_Simulated Project.0002.nvt

Search 201019_Autodesk Univ... @

*

> M @

| Ll

File namd: |02_Simulation.csv v| | AinFites ¢ v
P
-1 US SIMTararoricsy AR rAnAARA AR R
And follow the wizard to create the MS Project.
Verify or edit how you want to map the data.
From: Text File Field To: Microsoft Project Field Data Type -
Auto Scheduled Task Mode Text IEI
Foundations Mame Text
Unlinked Texto Text Move
Construct Text10 Text Izl
10/10/2020 Start Text o
AddAll | | ClearAll | InsetRow | | Delete Row
Previewr

Final Result can be a really close type of simulation file that need to be indented, and grouped

so it can follow all settings.

Tl 18 Oct 20
0 | Mode Task Mame ~+ Duration ~ Start ~ Finish ~||W|T | F|S|5 M| T W|T|F

1 |E |'-) Foundations 2 days Mon 12/10/20 Tue 13/10/20

2 |H - L1 2 days Mon 12/10/20 Tue 13/10/20

ER| - Framing 2 days Maon 12/10/20 Tue 13/10/20

4 |H L L1 2 days Mon 12/10/20 Tue 13/10/20

5 [EH 2w L2 2days Wed 14/10/20 Thu 15/10/20

& |FE - L3 2 days Fri 16/10/20  Mon 19/10/20

7 |HME L L4 2 days Mon 19/10/20 Tue 20/10/20

s |E - LS 2 days Tue 20/10/20 Wed 21/10/20

9 |H - L6 2 days Thu 22/10/20  Fri 23/10/20

1w |E [ Floors 3 days Wed 14/10/20 Fri 16/10/20

1 |[E - L1 3 days Wed 14/10/20 Fri16/10/20

12 |ME - L2 3 days Mon 19/10/20 Wed 21/10/20

13 |E [ L3 3 days Tue 20/10/20 Thu 22/10/20

14 |E - L4 3 days Fri 23/10/20  Tue 27/10/20
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Change all task to be auto scheduled, as soon as possible as method and create task that
would cover every category and start linking tasks so that time progression can be reviewed.

Task Movember 2020 Decem
0 Mode = TaskMame » Duration ~ Start ~ Finish ~ | Predecessor| 09 | 12 |15 18 |21 24 | 27 3002 |05 08|11 14 17 20 232629 02

- 4 Foundations 2days Tue 20/10/20 Wed 21/10/20 m :

- L1 2 days Tue 20/10/20 Wed 21/10/20

- 4 Framing 22 days Thu 22/10/20  Fri 20/11/20 'l 1

- L1 2days Thu22/10/20  Fri23/10/20 2 T

- L2 2days Wed 28/10/20 Thu29/10/20 4,18 |

- L3 2 days Tue 03/11/20 Wed 04/11/20 5,19 | i

- L4 2 days Mon 09/11/20 Tue 10/11/20 6,20 &=

- 5 2 days Fri13f11/20 Mon 16/11/20 7,21 =

- L6 2days Thu19/11/20  Fri20/11/20 8,22 -

- 4 Floors 23 days Mon 26/10/20 Wed 25/11/20 ]

- 11 3 days Mon 26/10/20 Wed 28/10/20 4 T all :

- Lz 3 days Fri30/10/20  Tue03/11/20 11,5 all

- L3 3 days Thu05/11/20 Mon 09/11/20 12,6 all

- L4 3 days Wed 11/11/20 Fri13/11/20 13,7 1l

- L5 3days Tue 17/11/20 Thu19/11/20 14,8 r

- L6 3days Mon 23/11/20 Wed 25/11/20 15,9

L3 4 Columns 18 days Meon 26/10/20 Wed 18/11/20 1

- 1 2days Mon 26/10/20 Tue 27/10/20 4 h a

- Lz 2 days Fri30/10/20 Mon 02/11/20 18,5 g i

- L3 2 days Thu05/11/20 Frios/11/20 19,6 —

With the final result now we can import it to Navisworks and link.

Important notation its that Text Nine needs to be linked with the Element Parameter Simulation
and Text 10 would be used as task type.

Called the Script 03_Time Schedule to Project.dyn

https://youtu.be/dt7AF1msvN8
https://youtu.be/0Aet2IbVIwM
https://youtu.be/1w5904i5m\WM
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Integrate Dynamo Player Routines for Construction Managment.

Now for improving performance and quality there are several rountines and samples that can be
achieved with dynamo player and dynamo
Some samples are as follows.

Coloring by Parameter or Value

Function starts by opening the categories tab as an input so that user can change the values on
dynamo player then with the elements user can call the parameter he wants and create a group
by key sorting list that would modify active view by setting override colors.

Element.GetParameterValueByName

element

parameterName

All Elements of Category

Categories
Category Elements

Structural Columns v | Caregory

List. GroupByKey
list > groups ; - element > Elemenz(1.0
keys > unigue keys — > fist > Color
o e
\\

Really Simple but powerfull because once running with dynamo player.
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04_Coloring by Parameter or Value
= Ready

v Categories :

| Structural Columns v |

v String :

|Ba se Level |

And result can be deply by play button.

So very easily you can use colors to understand if elements are on proper place.
Called the Script 04_Coloring by Parameter or value.dyn
https://youtu.be/fNAWGogSWRE
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Splitting Floors and other elements

Considering the geometrical capabilities of dynamo we sill need to be able to splits elements
with the dynamo player so for doing it so we need to make elements intersect, recreate the
resultant geometry and finally get rid of the previous one.

For than the easiest way is to use the Transactions,

Transaction Start and end would enable the script to create elements and once finish discard
the unusefull ones.

So the Script need to follow this structure.

Code Block
= == ficareicment * Cunve

Floor NN

Suducl Bement

Nothing sekciad.

Element Getlocation

Code Block

Two elements selected the floor and the line so that they can intersect, they are inside of the list
create and then go on the transaction, in which the lines are separated to create an outline
curve a surface and then the split of that surface so that new outlines can appear.

PalyCurve ByjoinedCurves

oures » PolyCurve
fioareiement » Cure b-""'f-—'

Erometry * Goomery]

other ¥

list war(l-0l
Element Gt ocation / - .
element > Genmetny

And using that same structure there are the FloorbyNewGeometry Function that would create
the new floors.

With the new floors need to create a new list.create so they can go out of transaction and the
original element can be then eliminated.
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Code Block

a| 1la[e]; (=

DeletelistofElements
>

List Create Transaction.End

list Rezult
FloorByNewGeometry

ariginalelemant » Floar p———"

outline >

Called the Script 05_Splitting Floors.dyn
https://youtu.be/MXILYXu2qglU

Renaming Levels

Multiple functions can be used so another sample would be the Levels Element Types Rename
by Elevation order.
This case uses the Element Types all Elements of Type to then read from the level Values the

Elevation, being sure that values are sorted creates a new counter from 1 to the total count that
can write with an open string input.

List IndexOf

Level Elevation

Element SetPar smeterByNanme

Code Block

uuuuu n| 11 dn .17 >

Simple but powerfull to change names on Levels.
Called the Script Renaming Levels.dyn
https://youtu.be/aKsLWRveWik

Use time Information on Revit for Comparatives and Analysis.

Inserting Time Information into the Model

So now lets get back to Time Management with the simulation.

We have the Simulation Parameter but we want also to have the time on Revit elements, so we
need to imported,so first need to call all element that should be written.
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Structural Columns « | Category

structural Framing + | Calegory
\il&mﬂ' + | = | list Calapary Clerments
iberml
ibern
Categories / =
iLery

structural Foundations  » | Calegory

Erowse_

F:v3_Proyectos Amthwosia01019_sutodesi Universin01_Simulation. csv

And the file that its going to be used to link values, with the information of the SIMULATION
parameter by one side we can link the tasks on the time schedule with the elements, with that
relation established.

1|"STMULATION™; | =

Elerment GetPararmeteryalueByName

elerment > warl-[

ListindexOf

pararmeter harme ¥

Code Black

ParsingDatedd mm_yyyytoDateTimeandSering

anrwithiFormat > dapeTame

Code Black \

~a| 1a[2]; > : : = - :
_ 4 ¥ ! ParsingDatedd mm_yyyytoDateTimeandString
.._——__—’_____',_._.—-4 strwithForrmat » dateTirme
> : y Catesaringar Neger m———

Datesiringforinteger

Data lmpartCsy

" > list -

Code Block
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We need to Parse Dates with the ParsingDatedd_mm_yyyytoDateTimeandString and that would
pull dates as String Inputs.

So because they are numbers we need to create two parameters “TI_START” and “TI_END” so
that elements can have the information of their timmings.

Element SetParameterByName

List GetitemAtindex

Code Block

1 “TI_START"; |>

Element SetParameterByName

Code Block

1/"TI_END®; | >

Called the Script 07_Inserting Time values.dyn
https://youtu.be/Ttkqy4TdHfo

Creating the Comparison and Analysis views of a Specific Time Period.
Last Script of these class its about of reading the properties and selecting a period of time to be
selected and copied on a view so can it be completely visible to which elements it corresponds.

So we will start by the Selection of elements to be manage and a view by the node
AllElementsinView.
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All v | Views

Categories
Structural Columns | Category . < :
view elements
[ B
category > Dt g varil.0
amt >
< refresh >
Categories . s

Structural Framing ~ | Category

item0 | + | - Jist

item1

item2

item3

Categories
Structural Foundations ~

Category

Categories

v | Category

Wnd with those we need to set two string inputs with the minimum and maximum values so that

elements in between can be checked.
// 1 é

string b
— / :

—— 2|TENT >

.

X > varll.0
ame y >
e element varl.0 i
1["TI_START"; | >
parameterName
o)
var(l.0
0
el 201012 > - "
str number = - > Va0
Ao v ~
e
N =
Se "\\~ o e Code Block
T 4 i -
e o parameterName >
1:"TI_END"; | > x > var(l.0
o
¥ >
Ao
a 0 0 )
201015 > str number
o

If values are in between those numbers they would be selected and therefore the copy of the
view would have the time lapse and the selected elements.
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So with that its possible to create mUItipIe views with just selected elements.
Called the Script 08_Time Analysis.dyn

https://youtu.be/wo002zAm0Oow

Hope this class help you a lot with simulation, management and Dynamo, if interested in more
content follow my youtube channel and keep in toach througth linked in would be more than
happy to help.
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