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Learning Objectives

e Learn how to apply design automation techniques on your designs.
Learn more about the structural design automation packages in Dynamo.

e Learn how to automate the placement of steel connections and rebar detailing in
Reuvit.

e Learn how to create automation scripts for analytical models.

Description

In the structural engineering industry, one of the challenges is reducing manual and tedious
design tasks. Computational design tools such as Dynamo software give structural designers,
engineers, and detailers the possibility to automate the creation of their deliverables to build
structures with minimal energy. By doing so they spend less time on the repetitive tasks and
more energy on the important parts of the design. In this class, you’ll learn how Dynamo can
support design automation and computational modeling workflows for structural analysis and
design of concrete and steel structures. You'll learn about the appropriate packages to perform
automation in your own daily workflows, and you'll receive a set of teaching examples.

Speaker

Tomasz is the Technical Marketing Manager for Structure at Autodesk. He has over 17

years of experience in the software industry and a comprehensive background and vast
knowledge of structural solutions in the Autodesk portfolio. He achieved a Master of Science
degree in Structural Engineering from the Cracow University of Technology, Poland. He is very
passionate about computational design and generative design. He is a BIM enthusiast and a
Revit APl & Dynamo coder. Find him on Twitter @ TomekF
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Exercise 1. Automated process of adding mounting parts to precast
elements using Dynamo

In the first exercise | would like to show you how we can easily automate the process of adding
different mounting parts to precast elements in Revit. In this example we will add grout tubes
and tubes on top to precast walls which have been split already.

Some of you may be familiar with the Structural Precast Extension for Revit, which is now built
in to the product.

These tools allow you to automate the precast workflow--from segmentation through detailing
and shop drawings to fabrication.

One of the gaps we still have in the workflow is automation of adding grout tubes to precast
walls.

With the installation of Revit, you get grout tube and tube on top families; these families must be
added to precast walls manually.

The process itself is straightforward; however, it can be very tedious, and it takes a lot of time,
as we need to repeat the process for every single precast wall instance.

This is a situation where the Structural Design package comes in handy. Thanks to a few
dedicated nodes, the process can easily be automated.
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Structural Design package

The first think | would lilke to talk about is my about is my own “baby”; a package called
Structural Design.The Structural Design Dynamo package supports various structural workflows
in Dynamo and Revit.
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This package is mostly used to automate the generation of reinforcement in Revit, making it
easier to create a detailed model of reinforced concrete structures.

In this package, you can also find nodes that support design of portal frames, typical 2D trusses,
and 3D spatial trusses.

You can also find nodes that support the process of creating prefabricated structures.

So if you have not done it yet, please install the Structural Design package. You can use the
Packages->Search for a Package option if the package is not installed on your computer yet.

R Online Package Search — O >

Structural Dezigrl Sort by Filter by

Structural Design

Before getting started please make sure the package is installed on your machine.

R Installed Packages — O >

Structural Design

GenerativeDesign

Package Manager Website
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Input Parameters

First, we need to define input parameters. Many Dynamo scripts require input before you can
run them. In such situations we can use Dynamo Player to provide this input to adjust the script
to meet our immediate needs with the current model without opening our script in the Dynamo
environment.

Let's get started:

1. First, define the following input nodes and group them all together.

Input Parameters

Select Faces

Solid Wall - Grout wbes:D24 ¥ | Family Type

Tube on Top

Solid Wall - Tube On Top:D24 ~ Family Type

Distance from Edge [mm]

500.000 =

Max Distance Between Elements [mm]

2000.000 >

lgnore Max Distance Between Elements

CiTrue (®False »

Mumber of Grout Tubes

& « I -
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2. As we would like to run this script via Dynamo Player, we should make sure all input
nodes have the Is Input option checked.

Solid Wall - Grout tubes:D24. = | Family T Remove

Create Group

Remave from Group
Add To Group

Distance from Edge [m

500.000
Freeze

Max Distance Between Elements [m Preview
2000.000 Show Labels

Rename Node...
lgnore Max Distance Between Elemes | v | Is Input

51N
CTrue # Falze is

Is Output

Number of Grout Tubes HE'P
O [ i -]

3. Verify how the input nodes look in Dynamo Player.

Dynamo Player

<C @

Grout Tubes
=/ Ready

v Select Faces :
Select

Faces : 529890 529891

v Grout Tube :

{Solid Wall - Grout tubes:D24 v ‘

v Tube on Top :

‘ Solid Wall - Tube On Top:D24 v ‘

Distance from Edge [mm] :
v
500

./ MaxDistance Between Elements [mm] :

2000

v Ignore Max Distance Between Elements :

False

v Number of Grout Tubes :

« H

Precast Building.rvt
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Check the Orientation of Faces
Now, let’s retrieve the data we get once wall part faces are selected.

1. After selection of faces, a number of surface elements in an output list depends on the
number elements (e.g. bushings) located on the selected face.

Input Parameters

Select Faces

Faces : 529010 529893

List

-8 List
81 surface
i Surface
2 Surface
3 Surface

-1 Llist
8. Surface
I Surface
20 Surface

- — _

2. Now, we need to find the main surface of the selected wall part face. The main surface is
the one with the largest area, so we need to sort the list of surfaces accordingly.

3. Having found the main surface, we can calculate a rotation angle for grout tubes as well
as get information on the location of the origin of the selected surface.

Check the Orientation of Faces @ e

Computation. GroutTubeRatationAngle

Input Parameters Getthe ma e e e e

List.GetitemAtindex

Geometry.CheckOriginLocation

wallFace > originLocation

Tube on Top
Solid Wall - Tube On Top:D24 ~ | Family Type

Distance from Edge [mml:

500.000 >

Max Distance Between Elements [mm];

Ignore Max Distance Between Elements.

OTrue  @False >

Number of Grout Tubes
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Note: Computation.GroutTubeRotationAngle & Geometry.CheckOriginLocation
nodes are part of the Structural Design package.

Computation.GroutTubeRotationAngle

surface > angle

AUTO

Returns a grout tube rotation angle based of the geometry of the wall surface.

Geometry.CheckOriginLocation

wallFace > originLocation

AUTO

Checks if a location of the origin is at the top or at the bottom of the wall.
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Wall Part Length

Next, we need to determine a length of the selected wall part face.

1. Inthe first step we need to find the boundary curves of the surface.
2. Next let’s get a starting point of each boundary curve.

3. Then let’s sort these points by the highest Z coordinate.

Computation.GroutTubeRotationAngle
Get the main surface of the selected face.
List.GetltemAtindex
liss [22 [P ftem
>

List
an 128

index

> originLocation

Surface.PerimeterCurves
>

Curve StartPoint
>

List.SortByFunction List.Reverse

list [e12 %] varfl.[l list [z ¥ list

func > AuTo
List e
v

surface Curvel] Point

s
e X =
1 tx
2 (X
B t(x
aC (X

1 List Point.Z
: o point >
2 (X
3 (X
4 (X

pLags g {10}

4. The first two items of the reversed list are the points of the top curve of the wall part
surface.
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List.GetltemAtindex
list [22 ¥

index

List.Reverse

d X = -3411.792, ¥ = -1487.822, 7 = 9798.800)
(X = -9491.792, Y = 1768.844, Z = 9798.000)
a; >
Bz g1 {2}
List.GetltemAtindex
iz >

X = -9471.792, Y = -14@7.822, I = 9790.00@)
(X = -9491.792, Y = -1457.822, 7 = 9790.800)

@zen 2}

5. Having start and end points we can create a line (top edge).

6. The last step is to get a length of the line. This value is a wall part length.

@

List.Reverse List.GetltemAtindex

Curve.Length Math.Round

>

double

List
8 &ece

40 2226.666 Lt
@7 Line(StartPoint = Point(X = @ 6856
40 Line(StartPoint = Point(X = wzaa 12} 3227
ey 2} @zeu 12

List
@l Point (;
2 Point (;

2 12}
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Points of Insertion

Next, we should determine points where grout tubes and tubes on top will be inserted based on
the input parameters. The Structural Design package consists of a dedicate node
(Computation.PointParameterBasedOnDivision) to help you with this.

Computation.PointParameterBasedOnDivision
length > pointParameters
startEndOffset >
maxSpacing >
ignoreSpacing >
divisionNumber >

AUTO

Returns point parameters based on specified division.

1. First, let’s connect all input parameters and let’s see what we get as an output. In this
case the length parameter is the wall part length we calculated in the previous step.

Points of Insertion

Distance from Edge [mm]:

500.000 = Computation.PointParameterBasedOnDivision

length > pointParameters

Max Distance Between Elements [mm]: startEndOffset

>

2000.000 =P maxSpacing >
ignoreSpacing > @

>

Ignore Max Distance Between Elements divisionNumber

CTrue  (®iFalse >

Number of Grout Tubes

@4 |— >|.

Code Block

2 ©.845@57328738348

BLIELD GL1 {7}
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2. So far, we have point parameters, but we need to get real insertion points for grout tubes
(at the bottom of a precast wall) and for tubes on top (at the top of a precast wall).

Points of Insertion

Surface.PointAtParameter

location |location=="BOTTOM"?8:1; | >

20 Point(x
30 Point(x
-1 List

t 80 Point(X
al o 2l Point(x
length > pointParameters oz glL BLIGL2 BLL
startEndOffset >
maxSpacing >
divisionNumber >
auTo

Code Block 7oL

]

n(n-1; |> 1
2o
e
]
2

location |location=="BOTTOM"?1:8; | >

1List

1

Surface.PointAtParameter

LIEL2 ELL 7
T 2}

7}

-@ List
@l Point(x
W Point(x
20 Poin
W Point (X

1 List
@) Point(x

@l Point(x
20 Point(x

BLIgLz gL

To get “u” value we can add the Code Block node. In short, code blocks are a text-
scripting interface within a visual-scripting environment. They can be used as numbers,
strings, formulas, and other data types. There are a few basic shorthand methods in
the code block which, simply put, make data management a lot easier. In our example
we are using conditional statement formulas: Location == “BOTTOM” ? 0:1; and
Location == “BOTTOM” ? 1:0;
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-~

Get the main surface of the selected face.

List.Reverse

list (22 F{>

index

originLocation

AUTO

Points of Insertion

Surface.PointAtParameter

surface b Point

List

~8 List
@l Point(X = -8971.792, V = -1467.822)
location | location=="BOTTOM"?0:1; I Point(X = -7285.126, Y = -1487.822
20 Point(X = -5598.458, Y = -1407.822
30 Point(X = -3911.792, V = -1407.82))

-1 List

@ Point(X = -9491.792, Y = -957.874,
20 Point(X = -9491.792, YV = 155.511,
length > pointParameters. @2 L3pL2 gL 7

startEndOffset

ignoreSpacing

divisionNumber
(] o

>
maxSpacing >
>
>
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Adding Grout Tubes and Tubes on Top
Now it’s time to finally add grout tubes to our precast walls.

1. Let’'s use the Familylnstance.ByFace node to do this. This node places a Revit family
instance given the FamilyType (also known as the FamilySymbol in the Revit API) on a
surface derived from a backing Revit face as reference, a reference direction, and a
point location where to place the family.

Note: The FamilyType should be workplane based and the input surface must be
created from a Revit Face. The reference direction defines the rotation of the instance
on the reference, and thus cannot be perpendicular to the face.

In our case the familyType parameter is connected with the Grout Tube node.

Solid Wall - Grout tubes:D24  ~ | Family Type

Get the main surface of the selected face. Computation.GroutTubeRotationAngle

List.GetitemAtindex

| hEm surface
1 surface

auTo

Adding Grout Tubes and Tubes on Top

Add Grout Tubes

Familylnstance.ByFace

Grout Tube insertion points.

familyType > Familyinstance

\-—.__ face >
1)
>

referenceDirection

-0 List

@ D24 383385
1 D24 383387
20 D24 383389

Vector.ZAxis Sl p24 583301
o1 List

Vector @l 02s 583393

MWoD2s 583395

ZWp2s 583397

siaz Ut 7
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2. We should not forget that we need to orient our grout tubes properly. Let’'s add the
Familylnstance.SetRotation node and connect it with the list of family instances and
the list of rotation angles.

Computation.GroutTubeRotationAngle

Adding Grout Tubes and Tubes on Top

Add Grout Tubes

Familyinstance.ByFace Familyinstance SetRotation

Grout Tube insetion points.

familyType > il e il e > Familyinstance
Surface.PointAtParameter \\.___ face > \\__ e . e
surface > Point location > o’ —
u > referenceDirection > List
+0 List
v > AuTe N
B0 D24
e List 02
+8 List
is 20 024
Bt @i D24
30024
il 024 .,
<1 List
20 D24 B 024
Vector.ZAxis 5l 024 W 024
<1 List p—
@' D24
21 Point(X Tz 7}
21 D24
auezen
17}

3. The last two steps should be repeated for Tubes on Top.

Get the main surface of the selected face. 1 GroutTubeRotationAngle

List.GetitemAtindex > A

isc B ED | fem _./ o

o > '\\

v v v v

) - I

Familylnstance.SetRotation

familyType
face

> ramiyinstance

@ @) -

location

ce.
>
>
2
>

referenceDirection
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4. Now you can save the script, close Dynamo and give a try with this solution using
Dynamo Player.

Take a look at the “extra” folder in the Structural Design package installation
folder to find the final script that can be used with the Dynamo Player.

Multip! Finish Cancel
3 3D View - 2nd Floor X

Waiting for selection in Revit
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Exercise 2: Portal Frame Geometry in Dynamo

In this chapter | would like to show you how to create a fully parametrized portal frame geometry

in the Dynamo environment.

Generally portal frames are used for single-story buildings, but they can be used for low-rise
buildings with several floors where they can be economic if the floors do not span right across
the building.

Recently | added a few Dynamo nodes to the Structural Design package to help you create

such structural geometry.

" 1 ByWidthHeightAngles
" I ByWidthHeights

" * Purlins

° * sideRailsEavesBeams
"I VBracings

" ! XBracings

‘1 Copy
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Let me walk you through details on these nodes and how to put together a sample script using
them.

The first two nodes (Fame.ByWidthHeights, Frame.ByWidthHeightAngles) | would like to talk about
create a 2D frame geometry. They do the same and they differ input parameters only.

Frame.ByWidthHeights

insertionPoint > 2DFrame
vector > Columns
width > Beams
height1 >
height2 >

AUTO

insertionPoint - Insertion Point. Default value: (0, 0, 0)
vector - Vector in the 2D frame plane. Default value: (1, 0, ©)
width - Frame width

heightl - Column height

height2 - Roof height

Frame.ByWidthHeightAngles

insertionPoint > 2DFrame
vector > Columns
width > Beams
height >
angle >

AUTO

angle - Beam angle. The angle has to be greater than or equal @ and less or equal than 66
degrees.
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The Frame.Copy node helps you duplicate your 2D input frame geometry with a specified

spacing between frames. The spacing can be equal of varying.
Frame.Copy

frame2DGeometry > 2DFrames
withEqualSpacing > Columns
numberOfTimes > Beams
spacing >
varyingSpacing >
flip >

AUTO

frame2DGeometry - 2D Frame geometry. Input value should have the following data
structure: Curve[Column[], Beam[]]

withEqualSpacing - Spacing type. True = equal spacing, False = varying spacing.
numberOfTimes - Number of times a 2D frame should be copied when spacing between frames
is equal.

spacing - Spacing value between frame when distance between them 1is equal.
varyingSpacing - Varying spacing. Default value: [6, 5, 4, 5, 6]

flip - Toggles the frame orientation.

The Frame.Purlins node creates purlins elements between rafters.
Frame.Purlins

rafters > Purlins
number > Points
dp1 >
dp2 >

AUTO

rafters - Rafters.

number - Number of purlins.
dpl - Start offset.

dp2 - End offset.
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The SideRailsEavesBeams node creates side rails and eaves beams between columns.

Frame.SideRailsEavesBeams

columns > Beams
heights > Points
AUTO

columns - Columns.
heights - Z coordinate of beam ends.

The last two nodes | would like to talk about create X and V bracings.

Frame.XBracings

points > XBracings

zones >

points > VBracings

zones >

points - Element end points.
zones - Frame zones. A zone 1s a space between 2D frames, e.g. between frame #1 and frame
#2 we have zone #1, between frame #2 and frame #3 we have zone #2 etc..
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Building a sample script using the nodes | covered is more than easy. Simply connect these
nodes in this way...

Portal Frame Geometry

Frame.SideRailsEavesBeams

Frame.ByWidthHeights

frame2DGeometry

withEqualspacing

numberOfTimes

[1, Si; B

List. DropEveryNthitem

IEE = = > 53 list

offset >

...to get the following output:

Take alook at the “extra” folder in the Structural Design package installation folder to
find the example script.
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Exercise 3: Automated process of reinforcement detailing around wall
openings using Dynamo

The second example script will show you how quickly you can generate detailed reinforcement
designs on the example of standard rebar designs for window and door openings.

...let's get started...
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Input Parameters
Similarly to what we have done in the first example, let’s define some input parameters.

Input
Parameters

Straight Rebar Diameter
~ | Rebar Bar Type

Straight Rebar Extension [mm]
400.000 >

Diagonal Rebar Diameter

~ | Rebar Bar Type

Diagonal Rebar Length [mm]
6560.000 >

Two Layers

®True CFalse =

Stirrup Rebar Diameter

~ | Rebar Bar Type

Stirrup Rebar Height [mm]
360.000 >

Top Boundary Rebar Spacing [mm]
140.000 >

Top Stirrup is Closed
®True CFalse =

Bottom Boundary Spacing [mm]
140.000 >

Side Boundary Spacing [mm]
180.000 >
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Note: To define Straight Rebar Diameter and Diagonal Rebar Diameter and Stirrup Rebar
Diameter input nodes you should use the RebarBarType node from the Structural Design
package. It can be found under Structural Design->Rebar->Properties.

EnableHookLengthOverride
FabricLapSplicePosition
FabricLocation
FabricSheetType
RebarBarType
RebarEndTreatmentType
RebarHookOrientation
RebarHookType
RebarShape

RebarStyle
SetEndTreatment
SetHookRotationAngle
GetHookRotationAngle
IsHookLengthOverrideEnabled
RebarCenterlineCurves
RebarDiameter
RebarHostCover
RebarHostElement

RebarProperties

RebarBarType

H10 v | Rebar Bar Type

Double click the node title bar to rename it accordingly.
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This is how the input parameters should look in Dynamo Player:

<C @

Wall Opening Reinforcement
= Ready

v Straight Rebar Diameter

|H12 v

v Straight Rebar Extension [mm] :
|¢Do

v Diagonal Rebar Diameter

|H12 -

v Diagonal Rebar Length [mm] :
=

v Two Layers :

i)

True

~ Stirmup Rebar Diameter -

|H8 -

~ Stirmup Rebar Height [mm] -
el

o Top Boundary Rebar Spacing [mm] -
140

~/ Topstirrupis Closed -

i)

True

./ Botom Boundary Spacing [mm] :
|140

v Side Boundary Spacing [mm] :
|'180

Precast Building.rvt
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Get Window/Door Opening Characteristics

In the previous example (Adding Grout Tubes) we had the Select button as a part of the script

Ul. We needed to click it, select objects/faces and then hit the Run script @ button to execute
our script.

In this case we will create a different approach. Instead of clicking the Select button, we set up

input parameters and click the Run script button to execute the script, and then we are
asked to make a selection. Once the selection is made the script proceeds its execution.

1. We will use the Selection.PickObjectsOfCategory node to define the selection
functionality of our script. The node can be found under Structural Design->Model-
>Selection.

Get Window/Door Opening Characteristics

Categories

Windows - Category

List Create

Selection.PickObjectsOfCategory

item0 + | - | list category > Elements

item1 objectType

N statusPrompt
Categories

Doors v | Category

Code Block

preselection

refresh

©

gLz g1

"Click to select multiple windows and doors™;

Refresh

®True CFalse >

This node prompts the user to select multiple objects of the defined categories while showing a
custom status prompt string.
e category: Single category or a list of categories.
e o0bjectType (int): Specifies the type of object to be selected 0-Nothing, 1-Element, 2-
PointOnElement, 3-Edge, 4-Face, 5-LinkedElement, 6-Subelement. Default value: 1
e statusPrompt (string): The message shown on the status bar. Default value: “Click to
select multiple elements, TAB for alternates, ESC quit”
e preselection (bool): Takes into account the initially selected set of objects. Default
value: false
o refresh (bool): Refresh selection. Default value: true

In this case the user will be able to pick only elements of the Window and the Door
categories.
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2. Next, we need to retrieve window and door opening characteristics using a dedicated
node from the Structural Design package.
The Geometry.WindowDoorOpeningCharacteristics node can be found under
Structural Design->Model->Geometry.

Thanks to this node we can get:

Curves from which an opening is created.
Opening plane.

Opening host.

Opening host width.

Vector normal to opening plane.

Opening category.

Opening width.

Opening height.

Opening corner points.

Get Window/Door Opening Characteristics

Categories

Windows | Category

List Create Selection.PickObjectsOfCategory Geometry.GetWindowDoorOpeningCharacteristics
category > Elements opening > Curves
objectType > Plane

N statusPrompt > Host
Caregories
preselection > HostWidth
Doors | Category
: refresh > Normal
o J Category
List Width
Code Block e aamm
"Click to select miltiple wind d doors”; T e e Height
Click to select multiple windows and doors"; B s x leoemn [BE
Points
20 1348 ¥ 1488mm
37 940 X 1400mm 469666 -

gz g @

Refresh

Bz g 14}
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3. Let’s get the rebar cover dimensions for the host of the selected opening element.

Geometry.GetWindowDoorOpeningCharacteristics
e OpENING > Curves
Plane
Host

HostWidth

g Mormal
Category

Width

Height

Points

Properties.GetRebarCover

List
- @ Dictionary

- Top/Exterior
HostwWidth 222

Plane’ Plane(0rigin = Point(X = -9591.732 Bottom/Interior

HOSEN wall
categoryl Doors Other
wCurves List

@) Line(StartPoint = Point(X = -9591.7¢
& Line(StartPoint = Point( 9591.7¢ ict
20 Line(startPoint = Point(X = -9591.7¢ - 5 Dictionary
H:;EEL ;?ae Bottom/Interior 32
Width 215 S—
Top/Exterior 28
Nermaly Vector(X = 1.ee8, ¥ = 2.888, I = O‘;i:r 20 .
e - - . - 1 Dictionary
L4 o ':32‘ _r = 4[[:.1?&, : Bottom/Interior 3@
1 Fo -3591.792, Y = 4807.178, I T o
24 Poil -9591.792, Y = 3@92.178, : other 20
Lz gL {4} » 2 Dictionary
Bottom/Interior 329
Top/Exterior 2g
Other) 30
» 3 Dictionary
Bottom/Interior 329
Top/Exterior 2@
Other) 30
=X &8 A

Straight Rebars

Now, based on the selected opening characteristics, we can create straight rebars around the
opening.

1. First, we need to generate Dynamo curves which will be used during the creation of
straight rebars. There is a dedicated node in the Structural Design package to do this.

Designs.OpeningStraightRebarCurves
curves > Curves
openingPlane > Spacing
hostwidth > Vector
cover >
rebarExtension >
category >
rebarDiameter >
stirrupDiameter >
twolayers >

AUTO
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As the above node needs two input parameters which are rebar diameters, we need to get a
rebar diameter from Rebar Bar Type first.

Input
Parameters

Straight Rebar Diameter

H12 ~ | Rebar Bar Type

Properties.GetRebarDiameter
>

Diameter

Straight Rebar Extension [mm] rebar

400.000

Ao |

Lv |

Diagonal Rebar Diameter Properties.GetRebarDiameter
H12 ~ | Rebar Bar Type rebar b4 Diameter
Ao

Diagonal Rebar Length [mm]
1)

Properties.GetRebarDiameter

>

rebar Diameter

Two Layers

®True OFalse >

AuTo|

Stirrup Rebar Diameter

2. Now we can connect all inputs with the right data.
Straight Rebars

Designs.OpeningStraightRebarCurves
curves > Curves
openingPlane
hostwidth
cover

e

)

v v v v v v

Category
Width
Height
Points

Properties. GetRebarCover
element > Top/Exterior
Bottomyinterior

Other

ol
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3. Next, we can create Revit rebars using the Create.FromCurve node (Structural Design-
>Rebar->Create).

Straight Rebars

Designs.OpeningStraightRebarCurves Create.FromCurve
u curve >
openingPiane > Spacing / rebarStyle >
hostWidth E Vector rebargarType >
cover 2 sw@rtHookType >
/——. i > endtiookType >
/// k—‘ EoEET 3 9 startHookOrientation >
> endHookDrisntation >
> hostElement >
> vector >
wra

Standard > | Rebar Style.

Geometry,GetWindowDoorOpeningCharacteristics ~ | Rebar Hook Type:

Lefe * | Rebar Hook Orientation

Note: The respective vectors are taken from the Vector output of the
Designs.OpeningStraightRebarCurves node. Vector is the normal to the plane that
the rebar curve lies on.

4. Next, let’s set the Layout Rule property of newly created rebars to Fixed Number. The
default number of bar positions in rebar set is 2, so no need to make a connect in this
case as this is the number of rebars we want to set up.

Note: The respective distribution length of rebar sets (arrayLenght) is taken from the
Spacing output of the Designs.OpeningStraightRebarCurves node.

Straight Rebars
T ————— T e S TR

curves > Curves curve Rebar rebar
openingPlane Spacing / rebarStyle arraylLength
hostWidth Vector rebarBarType numberOfBarPositions

>
>
>
cover startHookType > barsOnNormalSide
endHookType > includeFirstBar
startHookOrientation > 9) includelastBar
>
>
> t

rebarExtension

v VY Y v v

5@5’

category

rebarDiameter endHookOrientation

stirrupDiameter hostElement

Y VWYY Y Y Y

twolayers vector

List
RebarStyle

Standard - | Rebar Style

RebarHookType

~ | Rebar Hook Type

ebarHookOrientation

~ | Rebar Hock Orientation
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5. There is one more thing we are going to include in the logic of creation of straight rebars.
When the Top Stirrup is Closed input parameter is True, and the Two Layers
parameter is True too, then we would like to have the top straight rebars copied to create
reinforcement of a lintel. To do this, let’s filter out top bars first.

Create.FromCurve Layour.SetLayoutAsFixedNumber

List.GetltemAtindex

curve > Rebar rebar > Rebar
rebarStyle > arraylength >
rebarBarType > numberOfBarPositions >
startHookType ? barsOnNormalSide > 0'
endHookType > includeFirstBar > B Rebar  ESESHEY
. . ) I rebar 583792
startHookOrientation 2 includelastBar >
20 Rebar | 583796
endHookOrientation > auTo 30 Rebar 583800
hostEl t > is
o smen Ll'; ist Lz @ 4
-8 List
vecter 2 @l Rebar | 53788
G k] 583789
List 20 rebar | 583790
-8 List -1 List
8 Rebar 583788 Bl rebar | 583791
0 rebar | 583789 20 Rebar | 583792
20 rRebar 583790 20 Rebar | 583793
-1 List 3 Rebar 583794
@l Rebar 583791 -2 List
10 Rebar 583792 BN rebar | 583795
20 rebar | 583793 20 Rebar | 583796
3l Rebar 583794 -
. BL3 @2 fL1 {15}
»2 List
@l Rebar 583795
20 Rebar | 583796
#LIgLz @ {15}

6. Next, if the conditions are met then we copy filtered rebars.

®True CFalse = L

Stirrup Rebar Diameter

He | Rebar Bar Type

Stirrup Rebar Height [mm]

360.000 =

Top Boundary Rebar Spacing [mm]
140.000 =
Top Stirrup is Closed \/

®True CFalse >
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7. Of course, we need to determine a vector that is used when we copy elements.

Layout.SetLayoutAsFixedNumber List.GetltemAtindex
curve > Rebar rebar > Rebar
rebarStyle > arraylength >
yp: > numberOfBarPositions >
startHookType > barsOnNormalSide >
endHookType > includeFirstBar >
startHookOrientation > includelastBar >
endHookOrientation >
hostElement >
vector >

- stirrupf iameter - 1.5*strai

Note: In this case we don’t perform an operation on a Dynamo geometry when we copy
elements, but instead when we copy Revit objects. The Geometry.CopyElement node
copies an element and places the copy at a location indicated by a given transformation
(Structural Design->Model->Geometry).

-Diameter; | >

Diagonal Rebars

The creation of diagonal rebars is very similar to what we have done for straight ones.
1. Before we wire the Designs.OpeningDiagonalRebarCurves node to the right data, we
need to calculate a spacing between diagonal rebars.

Diagonal Rebars

¢ s-strai Diameter-diagonali

%

st [EL BI¥ iem
dex > o
o
EH
Straight Rebars
e e T
curves curve > Reba a
rebarSeyle > arraylength >
— rebarBarType > numberQfBarPositions >
startHookType 3> barsOnNermalSide >
endHookType > includeFirstBar >
> includelastBar >
> e
>
>
)
I
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2. Now, we are ready to generate curves for diagonal rebars.

Diagonal Rebars

3. Now, it's time to create rebars in Revit.

4. The final step is a definition of a rebar set if a spacing is greater than 0 (Two Layers is
true).

Diagonal Rebars
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Rebar Visibility

Before we move on, let’s take care of rebar visibility as we would like to have the generated
rebars presented as solid and unobscured in the active view.
rinto a list.

Rebar Visibility

2. Next, let’s retrieve the current active view.

3. To set up rebar visibility we will use the Create.SetUnobscuredinView and the
Create.SetSolidInView nodes. The second node takes a 3D View as an input
parameter, so we need to check if the current view is a 3D View.

4. Finally, we can set up rebar visibility. The unobscured and solid input parameters are
true by default.

Rebar Visibility
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Boundary Stirrups

Let’s continue and create the remaining rebars. Now we are going to create top
boundary stirrups.

As you can see on the above image depending on the Top Stirrup is Closed parameter
value (true/false) we will be getting two different types/shapes of stirrups.

In the Structural Design package, you can find two respective nodes that support
creations of these two shapes (Structural Design->Rebar->Designs).

Designs.OpeningStirrupShapeCurves Designs.OpeningUShapeCurves
openingPlane > Curves openingPlane > Curves
segmentA > Vector segmentA > Vector
hostWidth > hostWidth >
cover > cover >
openingCurve > openingCurve >

AUTO AUTO

Returns closed stirrup shape rebar Returns U-shape rebar curves.

curves.

They both also return the normal vector to the plane that the rebar curve lies on.
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1. First, we need to retrieve all top curves openings that were collected during the selection
process. To get such list of top curves we need to collect all second items of the Curves|
] list.

Top Boundary Stirrups

List.GetltemAtindex

list [E2 > item

Geometry.GetWindowDoorOpeningCharacteristics

= Opening > Curves
Plane index >
Host —
HostWidth index s
Normal e
Category = 2
el LiSta List 12 gL
Height Bl Line(StartPoint = Point(X =
@l Line(StartPoint = Point(X =
Bolot 20 Line(StartPoint = Point(X =
AuTo -1 List
@l Line(StartPoint = Point(X =
List # Line(StartPoint = Point(X =
- @ Dictionary 20 Line(StartPoint = Point(X =
Hostiidih! 200 Bl Line(StartPoint = Point(X =
PlERe" Plane(Origin = Point(X = -9591.792 v2 List . ) -
HosEN Wall . Bl Line(StartPoint = Point(X =
Properties.GetRebarCover SN Line(StartPoint - Point(X -
e 3 Top/Exterior 20 Line(StartPoint = Point(X =
B Line(StartPoint = Point(X =
Bottom/Interior -3 List
‘ @l Line(StartPoint = Point(X =
Other Hl Line(StartPoint = Point(X =

. saz s

LEYE

Note: That in this case we’re getting 4 items as 4 openings were selected.
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2. Next connect the right data with the *ShapeCurves nodes.

3. Later we will need the lengths of the curves so let’s get these values using the Design
Script syntax.

Top Boundary Stirrups

— Designs.ClosedStirrupShapeCurves
openingPlane > Curves
e ——— segmentA Vector

hostWidth

>
>
cover > @
openingCurve >
A

List.GetitemAtindex
st [e2 B item

index >

openingPlane > Curves
\ segmentA Vector
\ I hostWidth
\ cover
\1 openingCurve

h A AR AR 4
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4. Having the stirrup geometry defined, it's time to add a logic that will manage what kind of
stirrup is used. We will do this using the Python Script node. Our simple Python Script
will return the result of the node's inputs passed through an embedded IronPython script.
We will define 3 inputs:

a. condition — a value of the Top Stirrup is Closed parameter
b. closedStirrups — a list of curves to create closed stirrups
c. uShapeStirrups — a list of curves to create U-shape stirrups

R Python Script - m] X

clr
clr.AddRefere
Autodesk
dataEnteringNode = IN
condition = I
closedStirrup

uShapeStirrups

condition:
output = closedStirrups

output = uShapeStirrups

OUT = output

Top Boundary Stirrups

Designs.ClosedStirrupShapeCurves
P >

segmentA
hostWidth

list  [22 =) item
2>

index

openingPlane
segmentA
hostWidth

cover

openingCurve
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5. Next, we need to translate a representative stirrup the half stirrup spacing distance along
the top border of the opening.

Top Boundary Stirrups

Geometry.Translate

spacing | spacing/2; | >
geometry > Geometry

direction >
Designs.ClosedStirrupShapeCurves
—_—

openingPlane > Curves

grment > Vector

hostWidth

>
o > 9
> ‘n-‘)
o

openingCurve

List

List.GetltemAtindex

Designs.UShapeCurves

openingPlane > Curves

segmentA Vector

hostWidth

>
>
?
auTo

openingCurve

6. Now we can create rebars in Revit, but before we do this we need to check if the
creation of stirrups makes sense (if the Two Layers parameter is True). Again, in this
case we will use the Python Script node and write a simple script.

R Python Script — O X

clr
clr.AddReference( ' ProtoGeo ¥
Autodesk.DesignScript.Geometry

dataEnteringNode = IN

twolayers = IN[@]
rebarCurves = IN[1]

twolayers:
rebarCurves rebarCurves

rebarCurves [1

OUT = rebarCurves
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Code Block
ing | spacing/’

Geometry.Translate

geometry > Geometry

direction >

.3 List

sus e 116}

Python Script
IN[O] + - ouT
IN[1]

PEFET 116}

7. Because the RebarHookType depends on the Top Stirrup is Closed parameter, we
need to check it first and then connect the right type to the Create.FromCurves node.
8. Now we are ready to create rebars

Code Block _— a /
spacing | spacing/2; | >
geometry > Geometry List
~6 List
direction > 5

@1 Line(StartPoint = Point(X
rtPoint = Point(X
distance 2 @ i rtPoint - Point(X
e 30 Line(StartPoint - Point(X
-1 List
@ Line(StartPoint = Point(X
0 Line(StartPoint = Point (X
20 Line(StartPoint - Point(X
31 Line(StartPoint = Point(X

~2 List

@) Line(StartPoint
rtPoint
(StartPoint = Point(X
30 Line(StartPoint = Point(X

+3 List
Create.FromCurves
gzg2 o1 {16}

point(x
Point (X

Python Script

RebarStyle

e IN[0] + | - OUT REbarStyIE curves > Rebar
\_.‘ ING] rebarStyle >
INE2] rebarBarType bd
< S >
endHookType bd
test result
startHookOrientation >
true
RebarHookType /——l endHookOrientation bd
false
vector >
RebarHookType 180227 auto
RebarHookType List
Rebar Hook Type B Rebar  [EHEER
30 Rebar 583823
20 Rebar 583824
30 Rebar 583825
RebarHookOrientation
BL2 eLL 4

Left ~ | Rebar Hook Orientation
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9. To define a rebar set from our stirrup we need to calculate arrayLength first. In this case
again we can use the Code Block node to provide a formula and renaming the node we
can call it respectively.

10. Finally, we have everything to create a set of stirrups.

[ ——_.. |
Rebarstyle
StirrupTie  ~ | Rebar Style

IN(O)

sl rebarBarType
o @) e
/ endrockType
test result startHookOrientation
= % e
ise

hostélement

Y\

RebarHookType

Strrup/Tie- 135deg. ~ | Rubar Hook Type

RebartookType

vVvvvvvv vy

vector

Designs.UshapeCurves

None ~ | Rebar Hook Type

~.1n Math. Round (DesignScript.Curve. Length(t1), 8); >
: () —e
o length | length - spacing; | >
g | = spacing
| BT Layout SetLayoutAsMaximumspacing
= 1 @)—‘ o -
=5 spacing >
- arraytength >
barsonNormaisde > @
1 s 4 includeFirstaar > J
>

includelastaar

The process of creation of the bottom and side rebars is very similar.

Take a look at the “extra” folder in the Structural Design package installation
folder to find the final script that can be used with the Dynamo Player.
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Portal Frame with Structural Analysis for Dynamo Package

In one of my previous chapters | showed you how to create a fully parametrized portal frame
geometry in the Dynamo environment.

Structural Analysis for Dynamo Package

After the Dynamo geometry is set, you can create the analytical model representation of this
geometry in the Robot Structural Analysis Professional environment.

The Structural Analysis for Dynamo package enables parametric modeling and structural
analysis workflows in Dynamo and Robot Structural Analysis Professional.

First, install the package. If you have never installed any package you may find this blog post
useful.

R Online Package Search < — O >
g

Structural .-’-".r1alj,r-_=.i1:|

Structural Analysis for Dynamo
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Based on the Dynamo geometry, structural engineers can create an analytical model, and apply
section shapes and boundary conditions such as supports and releases.
Engineers can also automatically apply structural loads which recalculate every time the

structural geometry changes.
Structural engineers can review the results of this analysis in the Robot Structural Analysis
environment or they can retrieve the results within the Dynamo environment.

Internal Forces

labels labels:values

—
—q x-values
—q y-values
—_—

colors

OMmy O Fz 1

With the Structural Analysis package for Dynamo software, structural engineers can optimize
their existing structural workflows or create new workflows that will improve their productivity.
Dynamo for Robot Structural Analysis helps users not only generate structural geometry but

also:
Assign structural properties such as: section shapes, materials, releases etc...

. SetMaterialByName

. SetReleaseByName

. SetSectionByMName

Page 44



4\ AUTODESK.

UNIVERSITY

Create load cases and appl

various types of loads:

. AnalyticalBars

CoordinateSystem

FX

LoadCase

Run calculations:

Calculate

CalculateWithSave
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. GetExtremeValuesAndPositions

" GetExtremeValuesAndPosition sBylists

" GetMaxvalue

" GetMaxValuesList
" GetMinValue

" GetMinValuesList
" GetValueAt

" GetValuesAt

I would like to show you the process in the following example of a parametric portal frame.
Analytical Model

First, let’s create the analytical model representation of Dynamo geometry in the Robot
Structural Analysis Professional environment.

We need to connect the Dynamo geometry | covered in the previous post with the
AnalyticalBar.ByLines nodes.
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AnalyticalBar.ByLine
line > AnaiyscalBar

AnalyticalBar.ByLine
line > AnalyticalBar

2try -
i
Frame SideRailsEavesBeams =
———

| e | ‘ = AnsyicalBarSytine
—{ frame2DGeametry > 20Fr I e e

withEqualSpacing > Columns =
4 numberofTim: > Beams =

spacing. > ‘ Frame.Purlins —

varyingSpacing > ra uriin =

fip > S

o)

Code Block
ﬁ =
heights

n[h/2, h]; |>

AnalyticalBar Byline

line > AnalyticalBar
ol

< AnalyticalBar Byline
ine 35 AnalyscalBar
N o

3 AnalyticalBar Byline
N !
W f fine > Analyticalgar| -
N | ol

Section Shapes

Before you assign cross-section properties to the analytical members, you need to make sure
the sections are loaded in Robot. This can be done in the Robot project file you use, but this can
also be performed in Dynamo with the Bars.LoadSections node for steel or timber sections.

If the sections are available in the active Robot project, then you can start assigning the right
sections to the right analytical bars with the AnalyticalBar.SetSectionByName node.
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Bars.LoadSections
["HEB 3ee", "IPE 400", "CE 208", "RK 18ex1ex18", "LR 10ex1eex18", "R0 57x5"]; |> sectionsToLoad > stringf]

Create Analytical Model and Assign Section Profiles
AnayiclBar ScSeciondyName

] i€ > AnalyticalBar analyticalBar > var
auto name >
Ao
AnalyticalBar.ByLine AnalyticalBar.SetSectionB
—_— > AnalyticalBar analyticalBar > var

Ao name

T——

—_— > AnalyticalBar analyticalBar > var
auro name >

ey

—_— ine > AnalyticalBar = ~ analyticalBar > var
auto \\ name >

Sections

RK 100x100x10 v | Section

AnalyticalBar.ByLine

—_— > AnalyticalBar analyticalBar > var
Alrto name >
awro
.\\

Code Block

"LR 1@ex1eexie”; | > N
"RO 57x5"; | =
- % » \\\\
AnalyticalBar.BylLine AnalyticalBar.SetSectionByName .
—_— > AnalyticalBar analyticalBar > var
auto \1 name >
anre

Let’s test it and click the Run button to see what we’ve got in the Robot environment.
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So far | demonstrated how to leverage the portal frame Dynamo geometry to create its
analytical model representation in Robot Structural Analysis Professional. | also introduced the
Structural Analysis for Dynamo package that enables parametric modeling and structural
analysis workflows in Dynamo and Robot Structural Analysis Professional.

I ended the workflow at the point where the analytical model with sections assigned was
generated in Robot environment. Now, | still need to set a few things up before | run analysis
and retrieve results.
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‘i Autodesk Robot Structural Analysis i 2020-Nit i1 - Projekt: portal-fr - Wyniki MES: aktualne
Plik  Edycja  Widok  Geometria  Obciazenia  Analiza  Rezultaty = Wymiarowanie  Narzedzia  Dodatki Okno  Pomoc  Spolecznoéc

USHa¥YREXEBENNES GRABYRI YR S EHE
A V] 2 V|2 & W L.';', [T snowload \,|g =2 ‘

Widok Rzt

Supports and bar end releases

The boundary conditions are the most important characteristics to focus on for the simulation of
a structure. The boundary conditions are the places where the structure interacts with the
environment either through the application of an external force or through some restraint that is
imposing a displacement. The most common displacement boundary conditions in structural
analysis are those that restrain the movement of the structure in one or more degrees of
freedom at a point. These restraints are also called supports. They will define the behavior of a
structure, and in Robot, it is necessary for them to be defined.

In the next step in my script, the supports are defined by the
AnalyticalNode.SetSupportByName node. In this case the supports are set to analytical
nodes. The nodes can be detected using the AnalyticalBar.StartNode or
AnalyticalBar.EndNode nodes, depending on which side of the element needs support.
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Releases

AnalyticalBar.StartNode
analyticalBar > var

auto

Fixed ¥ | Support

Boundary Conditions - Supports &

AnalyticalNode SetSupportByName

The support name is a string referring to the Support label available in Robot. Make sure the
support label is available in Robot. This can be checked in Supports dialog (Geometry ->

Supports) in Robot.

5 su pports —

s

Oh ¥ EHEREEE &

Modal |Linear | Planar |

g

X Delete

-+ -+ B

~ Pinned

Current selection

Apply | Close | |

Help

In the case support is not available, you can define one yourself using the New button in the
dialog box. That is where you need to set the conditions of the support.
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& Support Defi... — X

Rigid  Elastic Friction Gap NonllIIZ‘

Label: Support_1

Fixed Uplift
directions:

X Mone ~
uy MNone e
uz Maone ~
R Mane w
RY Mane ~
RZ Mone w
Angle

upport directions are
mpatible with the b_ﬁ

lobal coordinate system

Direction
| Advanced ... |
| Add | | Cloze | | Help |

In the case no release conditions are defined, Robot assumes elements of the structure are
perfectly fixed. The bar end releases are optional, but in the case of my portal frame bracings,
they are indispensable. They can be set up in the same way as supports, but in this
circumstance, you use the AnalyticalBar.SetReleaseByName node instead.

Boundary Conditions - Supports &
Releases

AnalyticalBar.StartNode
analyticalBar

AnalyticalNode.SetSupportByName

Supports

List Create

AnalyticalBar.SetReleaseByName

analyticalBars

name

Releases

Pinned-Pinned v | Release

The input for this node is AnalyticalBars. The direction of an analytical bar is very important for
the definition of releases. In the case of an asymmetric release (i.e. fixed at the start, pinned at
the end), you need to make sure you are using the right order in Dynamo to create the geometry
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lines. The way they are created will define the local x-direction of the analytical bar (i.e. the
choice of start and endpoints with the LineByStartPointEndPoint node).

Similarly in the supports case, the release name is a string referring to the Release label
available in Robot so make sure the label is available in the Robot environment.

Structural Materials
The package also allows you to set up the structural material. Make sure the material label is
available in the Robot environment.

AnalyticalBar.SetSectionByName List.Flatten
analyticalBar

name >

AnalyticalBar.5etMaterialByName

item0 | + | - | list analyticalBars

item1

e
\ item2
% item3

name

Material

item4

item5

YT {144}

s

6L BLa B3 BL2 fL1 {144}

Creation of load cases and loads

The next step is the definition of load cases in Structural Analysis Professional. These load
cases contain the structural loads which will be applied to the structure later. Depending on the
load duration and type, different natures of loads can be created (dead, live, wind, etc.) by
structural engineers.

A load case can be created with the LoadCase.ByNature node. This node requires three
inputs:

Case Nature: dead load, live load, wind, snow etc...

Case Name: This is a string representing the name of the load case in Robot Structural Analysis
Professional.

Engineers can also automatically apply and recalculate structural loads every time the structural
geometry changes.
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Analysis

The next step is the most important one, and also the step that needs a bit of your attention
before you go to work with it. The Analysis.Calculate node is the step that starts the analysis in
Robot. It's advised to only connect this node when your analysis model is set up completely
(geometry, sections, loads and boundary conditions).

First create a list which contains the following elements:

- All analytical bars (and panels if they exist in the model) that are generated

- The analytical nodes with supports applied (take the output from the
AnalyticalNode.SetSupportByName node)

- All defined load cases

Page 54



M\ AUTODESK.
AUNIVERSITY

All analytical objects that are not part of the input list will be removed from the calculation model.
Now, we are ready to run the script and see how Robot calculates the structure.

List Create Analysis.Calculate

—g item0 | + | - | list elements > analyticalBars

item1 analyticalNodes
item2 analyticalPanels
item3 loadCases

item4 AUTO

items Dictionary
f wvanalyticalBars List

item6 Y R

start point : Id = 92
X

1\ []]]

>
[ T T =S T TR

b=

o

e

>

+

N

a

]

=

t o

rt point : Id = 93

N X DN X 0 RN X DN

>
T TI TI =S TR TR T 1}

o

o

e

>

+

H

a

"

w
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Results

The output of the Analysis.Calculate node contains 4 separated lists with elements classified
by category (bars, nodes, panels and load cases). At the outputs of this node you can connect
the Result nodes. Depending on which type of results you want to request, different inputs are
needed. But all the result nodes have one thing in common, which is the loadCase input. This
needs to be an integer representing the LoadCase.ID of a defined load case.

Analysis and Results

name > double IN[O]  + | - | OuT

analyticalBar b4
loadCase bl 16076.518378581
Analysis.Calculate -
Code Block
item0 | + | - | list elements by analyticalBars T
item2 analyticalPanels

item3 loadCases

Code Block BarForces.GetMaxValue Global Max Value
TMYT; | =

NodeReactions.GetValue

item4 auTo| name > double

item5

analyticalNode >

item6 loadCase >

A

analyticalNode

loadCase

Dynamo for Robot Structural Analysis enables the analysis of more design options, more
complex structures, and more resilient structures. Based on the Dynamo geometry, structural
engineers can create an analytical model, apply section shapes and boundary conditions, such
as supports and releases. Engineers can also create structural load cases and automatically
apply loads, which can be recalculated every time the structural geometry is changed. Once the
analysis is done, structural engineers can review the results of the analysis in Robot Structural
Analysis or they can retrieve the results within Dynamo.

Using Dynamo, structural engineers produce optimized designs faster, with an integrated design
and analysis workflow that allows them to iterate through design options faster and more fluidly,
enabling them to win more work and stay competitive.
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Summary
To sum up this session, Dynamo is an excellent tool to support various design processes.

The visual programming interface of Dynamo gives structural engineers the tools needed to
build optimized structures with minimal energy, and to subsequently configure their own design
tools. Based on the Revit platform, we can use our creativity to develop optimized structural
systems using computational logic in an advanced Building Information Modeling (BIM)
environment.

Dynamo is a tool that allows structural engineers to automate many time-consuming and
tedious stages of the building design process.

The number of possible applications of Dynamo is unlimited, but 4 key areas come to mind:

o When the user wants to automate tedious and time-consuming modeling and design
processes;

o When complex geometries are found to be challenging to model,

o When creating a parametric model or models permits engineers to have many iterations
based on defined parameters—thus finding the optimal design faster; and

o When Dynamo scripts are used to verify existing models. (checking the placement of
elements in the model, detect collisions, etc.)

The combination of the Revit information database and Dynamo scripting opens up a world of
possibilities to designing and optimizing complex structures quickly.

In this class, we have gone through just a few examples. Now, it's time for you to make your
own design solutions and share them with the world!
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