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Class Summary

CREATE ANALYTICAL REPRESENTATION OF
A STRUCTURAL ELEMENTS IN REVIT

« Set-up Revit Environment
* Create the Structural Elements
« Set-up the Derived Analytical Representation

* Adjust the Position of the Analytical Elements

AUTOMATE THE RELATION BETWEEN
PHYSICAL AND ANALYTICAL USING DYNAMO

* Verify Analytical Model Consistency

* Adjust the analytical representation using
Autodesk Analytical Modeling 2020 Dynamo
package

COMPLETE THE ANALYTICAL MODEL FOR
STRUCTURAL ANALY SIS PURPOSE

* Assign Loads

INTEGRATE THE STRUCTURAL ANALYSIS IN
THE INTELLIGENT MODELS

Integrate Structural Analysis Results using Robot

Structural Analysis Toolkit



Analytical representation of a structural elements in Revit
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Analytical representation of a structural elements In Revit

* The analytical model is a simplified 3D representation of the structural
physical model. It consists of those structural components, geometry,

material properties, and loads, that together form an engineering

system.

ohysical model is built. -

* |In Revit software, the analytical model Is created automatically as the | '




Analytical representation of a structural elements In Revit

Analytical Elements Creation

* |n Revit software, the analytical model is created automatically
as the physical model is built.

« Analytical Elements are derived from the correspondent
physical object.

« Analytical Elements are in a continuous relation with the

correspondent physical objects
o Cannot be created without the correspondent physical objects

o Cannot exist without the correspondent physical objects




Analytical representation of a structural elements In Revit

Analytical Elements Visibility

« Analytical element can be enabled/disabled by checking Enable

Analytical instance parameter from the Properties Palette.

« Analytical element visibility can be controlled from:
o View Control Bar - Show Analytical Model.

o Object Styles in Analytical Model Objects tab.

o Visibility/Graphics Overrides in Analytical Model Categories

tab.

Enable Analytical Model

D

Object Styles

Model Objects  Annotation Objects  Analytical Model Objects

Imported Objects

| selectal

| [ sdections | |

Invert

Line Weight i : :
Category —— Line Color Line Pattern Material
Projection Cut
Analytical Beams 0 RGE 247-150-070 § Solid
. End Segment 5 Il RGE 200-000-000 | Solid
- Start Segment 5 Il RGB 0D0-128-000 | Solid
- Analytical Braces 5 RGE 210-210-000 | Solid
- Analytical Columns 5 B RGE 083-141-213 | Selid
------- Analytical Floors 5 Bl RGB 128-064-000 | Solid Analytical Floor Su
------- Analytical Foundation Slabs | 5 I RGB 155-187-089 | Selid i
------- Analytical Isclated Founda... | 7 [0 RGB 165-165-165 | Solid
------- Analytical Links 5 RGB 128-100-162 | Solid
------- Analytical Nodes 3 I Black Selid
- Analytical Pipe Connections | 3 B RGB 0D0-174-240 | Dash
— Analytical Spaces 1 RGB 000-200-200 | Solid
- Analytical Surfaces 1 Il Black Solid
------- Analytical Wall Foundations | 5 Bl RGB 079-098-040 | Solid
....... Analytical Walls 5 I RGB 000-200-200 | Selid
- Boundary Conditions 1 I Black Selid
. Strurtural | nad Caces 1 N Rilacl Srlid

Modify Subcategories

Delete Rename

Cancel Apply
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Model Categories

Annotation Categories

Visibility/Graphic Owverrides for 3D View: {2D}

Analytical Model Categories

Show analytical model categories in this view

Imported Categories

Filters

If & category is unchecked, it will not be visible.

-~ End Segment

----- [ Local Coordinate Systerm

- Start Segment

Analytical Braces

....... End Segment

----- [ Local Coordinate Systerm

- Start Segment

Analytical Celumns

....... Base Segment

----- [ Local Coordinate Systerm

- Top Segment

Analytical Floors

[ Local Coordinate System

Analytical Foundation Slabs

[ Local Coordinate System

Analytical Isolated Foundations

Analytical Links

Analytical Nodes

Analytical Pipe Connections

Analytical Spaces

Analytical Surfaces

Analytical Wall Foundations

Analytical Walls

.0 Local Coordinate System

Boundary Conditions
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Categories that are not overridden are dr.
according to Object Style settings.
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A Projection/Surface . ~
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Analytical representation of a structural elements In Revit

Analytical Model Settings

 The Analytical Model Settings are used to adjust how Revit performs certain

tasks on the analytical model.

« These are project-specific settings, stored within the project.

« Aregrouped by:

o Automatic Checks (Member Supports, Analytical/Physical Model Consistency).

o Tolerances (Support distance, Analytical-to-physical model distance, Auto-

detect settings)

o Analytical Model Visibility.

Structural Settings

Symbolic Representation Settings Load Cases Load Combinations  Analytical Model Settings  Boundary Conditions Settings

Automatic Chedks
[ ]Member Supports: [ ]Analytical [ Physical Model Consistency
Tolerances
Support distance: | 1 07 Analytical auto detect - Horizontal:
Analytical-to-physical model distance: | 0" 67 Analytical auto detect - Vertical:
Analytical Link auto detect:
Member Suppaorts Check

Circular references

Analytical / Physical Model Consistency Chedk

analytical model connectivity

Analytical model adjusted away from default location
Analytical Beam and Floor overlap chedk

Possible instability based on release conditions
Analytical model outside physical model

[ ] valid Physical Material Asset

Analytical Model Visibility
Differentiate ends of linear analytical models

10"

1o

1o




Analytical representation of a structural elements in Revit

Revit Analytical Elements //

* Analytical Column

* Analytical Beam

« Analytical Brace

AN

/
N

&

« Analytical Floors

« Analytical Walls

 Analytical Isolated Foundation

* Analytical Wall Foundation

« Analytical Foundation Slab

* Analytical Line within In-Place Family

« Analvytical Surface Openin
Yyl u P 9




Analytical representation of a structural elements Iin Revit

Revit Analytical Elements

L
 Node /.\

 Boundary Conditions

. s
. Analytical (Rigid) Link il % @




Analytical representation of a structural elements In Revit

Analytical Model Adjustments

Auto-Detect Adjustment

o Revit can automatically adjust the analytical model, in relation to a

neighboring structural element.
Projection Adjustment

o Projection references are defined as horizontal and vertical In

relation to the local coordinate system.

Manual Adjustment

..........................................................................................

........................................................................................

........................................................................................

Symbaolic Representation Settings  Load Cases

Structural Settings

Automatic Checks

[ ]Member Supparts:

Tolerances

Support distance:

Analytical-to-physical model distance:

Member Supparts Chedk
Circular references

Analytical { Physical Model Consistency Checdk

Analytical model connectivity

Analytical model adjusted away from default location

Analytical Beam and Floor overlap chedk
Possible instability based on release conditions
Analytical model outside physical model

[ ] valid Physical Material Asset

Analytical Model Visibility
Differentiate ends of linear analytical models

10"

0'e"

Load Combinations  Analytical Model Settings  Boundary Conditions Settings

[ ] Analytical / Physical Model Consistency

Analytical auto detect - Horizontal:

Analytical auto detect - Vertical:

Analytical Link auto detect:

Help




Exercise 1 | Create the Analytical Representation for the
Structural Elements of a Steel Structure In Revit
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Exercise 1| Create the Analytical Representation for the
Structural Elements of a Steel Structure Iin Revit

In this exercise, we'll create a structural model while dealing also with the analytical representation of it. We'll create a
simple structure with steel frames and concrete decks. In the end the model will be ready to be consumed by structural

analysis solvers.

(Handout page 21)

ﬁ‘; 3D} x Level 1 - ﬁ‘ Analytical Model
~




Exercise 1| Create the Analytical Representation for the
Structural Elements of a Steel Structure Iin Revit

Goal

The goal is not just to create the analytical model.

The goal Is about creating the analytical representation

in the physical model context. | Ny




Exercise 1| Create the Analytical Representation for the
Structural Elements of a Steel Structure Iin Revit

Summary

« Set-up Revit Environment

e Create the Structural Elements “ i

« Set-up the Derived Analytical Representation

* Adjust the Position of the Analytical Elements | ‘ N

o Auto-Detect Adjustment

o Projection Adjustment S S

o Manual Adjustment




Exercise 1 |

Create the Analytical Representation for the

Structural Elements of a Steel Structure in Revit

Set-up Revit Environment

-

Open Exercise 01 StartPoint.rvt
Open Level 2 structural view and Analytical Model 3D view
Go to View tab Windows panel Tile Views

Go to Manage tab Settings panel Structural Settings dialog
Analytica Model Settings tab Make sure that:

* Analytical-to-Physical Model Distance is set to 400mm
* Analytical Auto-Detect — Horizontal is set to 300mm

* Analytical Auto-Detect — Vertical is set to 600mm

Structural Settings

Symbolic Representation Settings Load Cases Load Combinations Analytical Model Settings  Boundary Conditions Settings

Automatic Checks

Tolerances

Support distance:

Analytical-to-physical model distance:

Member Supports Check
Circular references

Analytical / Physical Model Consistency Check

Analytical model connectivity

Analytical model adjusted away from default location
Analytical Beam and Floor overlap check

Possible instability based on release conditions
Analytical model outside physical model

[ ] valid Physical Material Asset

Analytical Model Visibility
Differentiate ends of linear analytical models

300.0

400.0

[ ] Analytical / Physical Model Consistency

Analytical auto detect - Horizontal:

Analytical auto detect - Vertical:

Analytical Link auto detect:

300.0

@00.0

300.0

Ok Cancel




Exercise 1| Create the Analytical Representation for the
Structural Elements of a Steel Structure Iin Revit

Create the Structural Elements for the First Level kel

300

1. Create UC305x305x97 steel columns at the axis intersection.

2. Create the beams between columns. Choose UB305x165x40

section type for the beams.

3. Create a floor at Level 2. Choose Floor Generic 300mm type

o The floor offsets from the axis will be 300mm.

4. Set the floor’s offset 300mm above Level 2.

5. Set the analytical floor alignment at the top face of the

physical floor.

o Use Projection Adjustment.




Exercise 1| Create the Analytical Representation for the
Structural Elements of a Steel Structure Iin Revit

Copy the Elements to the Other Levels

1. Copy the first level elements and to next level.
2. Adjust the analytical columns alignment. b ""'

o Use Auto-Detect Adjustment. P2
3. Copy the elements from Level 3 to Level 4 and Level 5. ” f ;

/
)
\w




Exercise 1| Create the Analytical Representation for the
Structural Elements of a Steel Structure Iin Revit

Create Braces

1. Create vertical brace.

2. Copy the created bracing on Level 2.

3. Adjust the Level 2 analytical brace’s position

o Use Manual Adjustment.

4., Copy the braces to Level 3 and Level 4




Exercise 1| Create the Analytical Representation for the
Structural Elements of a Steel Structure Iin Revit

Create the Isolated Footings for the Columns




Automate the relation between physical and analytical
representations using Dynamo
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Consistency Checks

Consistency Checks

Structural Settings

Symbolic Representation Settings  Load Cases  Load Combinations  Analytical Model Settings  Boundary Conditions Settings

Automatic Checks

Member Supports

Member Supports

o Provides a warning when a member Is not supported

Analytical/Physical Model Consistency

O

O

unsupported structural elements
Inconsistencies found within the analytical model

Inconsistencies between the analytical and physical

models

analytical elements without a Physical Material Asset

assigned.

Tolerances

Support distance: | 300.0

Analytical-to-physical model distance: | 400.0

Member Supports Check
Circular references

Analytical [ Physical Model Consistency Check
Analytical model connectivity

Analytical model adjusted away from default location
Analytical Beam and Floor overlap check

Possible instability based on release conditions
Analytical model outside physical model

[ ] valid Physical Material Aszet

Analytical Model Visibility
Differentiate ends of linear analytical models

Analytical auto detect - Horizontal: | 300.0

Analytical auto detect - Vertical: | 00.0

Analytical Link auto detect: | 300.0

] Cancel

Help




Automate the relation between physical and analytical representations
using Dynamo

The Autodesk Analytical Modeling 2020 Dynamo package helps structural engineers better control and automate the
creation and adjustment of analytical models in Reuvit.

Customizable logic helps you create different rules-based analytical models for diverse types of buildings and multiple

analytical model variants for similar building structures, and allows you to use similar patterns across projects.

fi> B Dynamo m
“

TR s
<5

<]




Exercise 2 | Adjust the Analytical Representation of a
Structural Model using Dynamo
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Exercise 2|  Adjust the Analytical Representation of a
Structural Model using Dynamo

In this exercise, we'll adjust the analytical representation of the same structure using a Dynamo tool.

Autodesk Analytical Modeling Dynamo package Is used to generate a consistent and connected analytical

representation that corresponds to the geometric shapes of the model.

(Handout page 36)

fi> ’Dynamom _
I P>
< </
< <




Exercise 2|  Adjust the Analytical Representation of a
Structural Model using Dynamo

Goal

Automate analytical model adjustment.

fi> B Dynamo m _
A s
< <K




Adjust the Analytical Representation of a

Structural Model using Dynamo

Exercise 2 |

Set-up Environment

1

L
-

1. Add Autodesk Analytical Modeling 2020 Dynamo package to

your collection.

02 StartPoint.rvt.

2. Open Exercise

4 and 5.

3. Copy all elements to Level 3




Exercise 2|  Adjust the Analytical Representation of a

Structural Model using Dynamo

Verify Analytical Model Consistency

1. Enable the Member Supports and Analytical/Physical Model

Consistency automatic checks.

2. Explore the warnings.

Autodesk Rewit 2020

Warnings

""" tolerance of 400.0

----- Analytical / Physical Model Consistency check is complete.

Most standard view commands work without exiting this dialog.

----- Structural Blement may not be supported — verfy support for Bement.

To highlight an element in the graphics window, select it in this tree.

Distance between Analytical and Physical Models of Structural Element is beyond

Show More Info Delete Checked...

Export...

Close

Jr

A
4=




Exercise 2|  Adjust the Analytical Representation of a
Structural Model using Dynamo

Adjust the Analytical Representation Using Dynamo

1. Load analytical modeling scripts in Dynamo Player.
2. Using Adjust the elements between categories script
o Select elements

o Set-up the parameters

= First Priority Elements: Floors

= Second Priority Elements: Framings

= Third Priority Elements: Columns

= Set Force Tolerance to Change to True

o Use Relative Tolerance and Set the tolerance to 600mm \.

3. Run the script to adjust the elements.




Exercise 2|  Adjust the Analytical Representation of a
Structural Model using Dynamo

Fix All Warnings
1. Create isolated foundation for columns.
2. Attach boundary conditions for columns support. ‘-~..
g‘:
b
b4




Complete the Analytical Model In Revit for Structural Analysis
Purpose
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Complete the Analytical Model in Revit for Structural Analysis Purpose

Loads

 Types of Loads
o Un-hosted loads l

= Point Load

th

= |Ine Load

= Area Load @

o Hosted Loads Eﬂ
= Hosted Point Load
= Hosted Line Load I/j

= Hosted Area Load. @



Complete the Analytical Model in Revit for Structural Analysis Purpose

Structural Settings

Loads

e Load Nature

e Load Cases

Symbolic Representation Settings

Load Cases

Load Cases

Load Combinations

Analytical Model Settings

Boundary Conditions Settings

MName Case Number Mature Category Add
1 DU H ‘Dead ‘Dead Loads
5 LL1EL|1.rE ...................................................... T P Delete
i 3 ............................................... T T
TR 4 ............................................... ————— e
: LF‘JS ................................................. v T T
T — Eu ................................................. R P T T
e ‘,.' ................................................. 8 Emperature ............................. TemperaturELnads
z 5EI51E ................................................. g i

Load Matures
Mame Add

1 |Dead
= |_|1.rE Delete
T
R
e
= Temperature
R

QK

Cancel

Help




Complete the Analytical Model in Revit for Structural Analysis Purpose

Loads

e Load Combinations

Structural Settings

Symbolic Representation Settings Load Cases Load Combinations  Analytical Model Settings  Boundary Conditions Settings

Load Combination

Marme Formula Type State Usage # Add
(all ] (all ] (all ] (all v

T [1.35D+1..1.35°DL1 + 1.35*SNOW1 + 1*WI: Combination | Serviceability B Delete
T T S conteton it

...........................................................................................................................................................................................................................................................

[ ] show third-party generated load combinations

Edit Selected Formula Load Combination Usage
Factor | Case or Combination | » Add bet Mame ™ Chedk All
2/1.000000 iSNOWT Delete Check None
3| 1.350000 (WIND1
- _ ............................................................. - Add
: Delete
N R R v T R v

QK Cancel Help




Exercise 3| Complete the Analytical Model in Revit for
Structural Analysis Purpose
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Exercise 3| Complete the Analytical Model in Revit for Structural
Analysis Purpose

In this exercise, we’ll define hosted loads to prepare the model for structural analysis.

(Handout page 48)




Exercise 3| Complete the Analytical Model in Revit for Structural
Analysis Purpose

Goal

Assign loads to analytical elements.




Exercise 3| Complete the Analytical Model in Revit for Structural
Analysis Purpose

Apply Hosted Loads

 Open Exercise_03 01 StartPoint.rvt

1. Apply hosted linear load to top level perimetral beams.

2. Apply hosted area load to all floors.




Integrate Structural Analysis Results in Revit Workflow
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Automate the relation between physical and analytical representations
using Dynamo

The Structural Analysis Toolkit for Autodesk® Revit® software Is a suite of tools that supports the Building Information

Modeling (BIM) process and allows structural engineers to analyze and check your structure from within the Autodesk®

Revit® environment.

Using this toolkit structural designers anc

AuUtoC

engineers can optimize their workflows by extending the Revit model to

esk® Robot™ Structural Analysis Professional software or supported third party analysis solutions. Once

comp

ete, analysis results can be easily stored and explored in the Revit environment.

HHHHH

[] Local coordinate system for members
[] Local coordinate system for surfaces
[] Global coordinate system

ke[| o || Heb >

A Results are out of date

Msx 168.18
Min -1G8
EScale

252 28 < kN-m > i} Z5Z2.25 < kM-m =

1:100 A ED Tk G G Ta v 9 Chdh & iE <

| Results for {30} | Wharehouse-Analysis results-2018 < i @ Analytical Model ﬁ{i 3D




Exercise 4 | Integrate Structural Analysis Results using Robot
Structural Analysis Toolkit
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Exercise 4| Integrate Structural Analysis Results using Robot
Structural Analysis Toolkit

In this exercise, we'll explore structural analysis results using a Revit addin — Structural Analysis Toolkit.

(Handout page 53)

Results for {30} | Wharehouse-Analysis results-2018 X ' fisi Analytical Model = (3D} ®

Model: Model1 | ﬁ
Analysis: |Ana|ysis results - | “

Load Case: |DL1 v|

-103.96

Result 2
El [~ Reactions
""" [~ Forces i 5l 16252 s
------ [~ Moments

------ [~ Displacements
------ [~ Rotation

= [~ Results for members

------ [~ Forces

------ E [ Moments

-------- [~ Momerts Mx
-------- v Momerts My
-------- [~ Momerts Mz
------ [~ Displacements

------ [~ Stresses

= [~ Resubts for sufaces

------ Forces
------ Moments

------ Stresses

------ Displacements
[+ [~ Deformation v

[] Local coordinate system for members
[] Lecal coordinate system for surfaces
[] Global coordinate system

| ey || o [ He [ ]

/& Results are out of date,

Moments My (< kN-m =)

Max 168.18
Min -168.18

Scals

-252.26 < kM-m = o 25228 < kM-m =

1:100 A% GGEBETE S o hilh & iIE « >



Exercise 4| Integrate Structural Analysis Results using Robot
Structural Analysis Toolkit

Goal

Explore the structural analysis results in Revit.

Results for {30} | Wharehouse-Analysis results-2018 X ' fisi Analytical Model 5 3D} %
Model: Model1 |
Analysis: |Ana|ysisrest.|lts V|
Load Case: | DL ~|
-103.96
Result - SCIZEL,

= [~ Reactions y
""" [~ Forces ' sl S

: [~ Moments :

------ [~ Displacements i EE -15-22-521.553
------ [~ Rotation

= [~ Results for members

------ [~ Forces

------ E [ Moments

-------- [~ Momerts Mx
-------- v Momerts My
-------- [~ Momerts Mz
- [~ Displacements

: [~ Stresses

= [~ Resubts for sufaces

------ Forces
------ Moments

------ Stresses

------ Displacements
[+ [~ Deformation v

[] Local coordinate system for members
[] Lecal coordinate system for surfaces
[] Global coordinate system

| ey || o [ He [ ]

/& Results are out of date,

Moments My (< kN-m =)

Max 168.18
Min -168.18

Scals

-252.26 < kM-m = o 25228 < kM-m =

1:100 A% GGEBETE S o hilh & iIE « >



Exercise 4| Integrate Structural Analysis Results using Robot
Structural Analysis Toolkit

 Open Exercise 04 StartPoint.rvt

 Go to Analyze tab > Structural Analysis panel > Result Explorer

(] EX p I O re th e reS u I tS | Results for {30} | Wharehouse-Analysis results-2018 ' {3 Analytical Model {3 {3D) %

Model: Model1 v| ﬁ
Analysis: |P-r1.‘-.||3r5is reslts w | =

Losd Case:  DLT v|

-103.56

Result 6
=1 [~ Reactions

------ [ Forces

------ [~ Moments

------ [ Displacements
------ ™ Rotation

=1 [~ Results for members
------ [ Forces

------ = Moments

........ [~ Moments Mg
........ ¥ Moments My
-------- [~ Moments Mz
------ [~ Displacements
------ [ Stresses

= [~ Results for sufaces

------ Forces
------ Moments

------ Stresses

------ Displacements

¥ [~ Deformation (¥
[] Local coordinate system for members
[] Local coordinate system for surfaces
[] Global coordinate system
Apply Close Help >

& Results are out of date,

Moments My (= kMN-m =)

Max 188.18
Min -158.18

Scals

-252.26 < kN-m = i 25225 < kN-m >

1:100 FEAIx GBS 0 R & < >
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