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Grasshopper

LUSAS plugin for
Grasshopper

Grasshopper

Grasshopper is a visual programming language and environment that runs within the
Rhinoceros 3D computer-aided design application. By using its visual programming,
you can algorithmically generate geometry by composing diagrams that link data to
functions.

LUSAS plugin

The LUSAS Grasshopper official plugin makes parametric modelling of any structure
possible, while the models created can be output to LUSAS for further editing, analysis
and design purposes.

The plugin is available from within Rhino's package manager as well as from the
food4rhino website at https://www.food4rhino.com/en. It is for use with Rhino (for
Windows) version 8.13 and above, and LUSAS version 21.1 and above.

LUSAS components

The LUSAS-authored Grasshopper plugin creates a ‘LUSAS’ entry in the main menu
and a ‘LUSAS’ tab in Grasshopper’s component ribbon. The LUSAS components are
grouped into the following categories: Members, Attributes, Assignments, Utilities
Model and Results.

When expanded, each category shows its respective components separated logically
into further subcategories. By selecting a component from this menu it can be placed
on Grasshopper’s canvas to be used in a script.



https://www.food4rhino.com/en
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LUSAS on the main menu

The LUSAS entry in Grasshopper’s main menu holds a sub-menu of global features or
settings for the plugin. Currently the available menu items are:

O Settings - Displays global settings for the plugin:

Beam/Shell Slice Results

Inspection lacation
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¢ 'Hide model preview during fast redraws', which is 'on' by default.

e ‘Enable diagnostic logs’, which is ‘off” by default.

U Manual - Provides a link to the help topics / manual for the plugin.

LUSAS
| Settings b | Hide model preview during fast redraws
bag”
Manual Enable diagnostig logs

Upgrading components

Some components have had their parameters modified since their initial release (for
example, ‘Line/surface” member or ‘Analysis’ component). These components will be
marked as ‘OLD’ in existing scripts and can be manually upgraded from within
Grasshopper itself by clicking on the Solution > Upgrade Components menu item.
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Diagnostic logs

When experiencing issues or errors with the plugin components, it is possible to create
logs to diagnose the issue. These logs are off by default and can be enabled from the
main menu (LUSAS>Settings>Enable diagnostic logs). The logs will be created in the
following directory:

%AppData%\LUSAS\GrasshopperPlugin\logs

Model units

All numeric values on LUSAS components are assumed to be in the same units as
selected on the LUSAS model component. It is important to decide on the model units
before starting a LUSAS Grasshopper script, as the LUSAS model component requires
that the length units in the Rhino model match with the selected units on the
component.

Note that whilst the units can be changed at any time, any numeric values which have
been used as input to other components (for example the values for an isotropic
material or the coordinates of geometry) will not be automatically converted.

Standard workflow

The standard workflow for a Grasshopper script that creates LUSAS members,
attributes and assignments and links them to a model within LUSAS is:

1. Select the desired model units at the beginning and set the same units in the
Rhino model.

2. Create structural members (line or surface members), by specifying the
geometry using standard Grasshopper components or referencing Rhino model
geometry.
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3. (Optional) Create attribute definitions (materials, sections etc) and assign them
to the structural members.

4. (Optional) Create load and support attribute definitions and assign them to
geometry matching a structural member’s nodes, lines or surfaces.

5. Assemble all structural members and load/support assignments on the ‘LUSAS
model’ component with the same length units as in the Rhino model.

6. (Optional) Use the ‘Model preview’ component to preview member sections,
loads, supports and rigid links.

7. Use the ‘Live link’ or ‘Export’ component with the assembled model to link
with a running instance of LUSAS or to create a model or distributable LVB
script.

8. Use the ‘Solve’ and ‘Results’ components to solve and extract results from the
linked model.

Geometry and Attributes in LUSAS

There are four geometric feature types in LUSAS to which attributes such as a mesh
type, geometric properties, material, supports and loading can be assigned:

e Points - These define the vertices of the finite element model.

e Lines - These define members and the extent of the surfaces in the finite
element model and are the equivalent of Rhino's curves.

e Surfaces - These define internal or external faces of a model.
e Volumes - These define simple solid components of a model.

Features are defined hierarchically, i.e. Points define Lines, Lines define Surfaces,
Surfaces define Volumes.

Attributes are assigned on a feature basis, therefore the positions of geometric and
material discontinuities, supports and loads must be carefully considered when defining
the features.

Line (Curve) Connectivity

Note. All Grasshopper scripts must make sure that lines / spline lines / arcs are split
/ at every location where a connection is required in LUSAS. This is also the case for
lines intersecting surfaces, where connections are not automatically created.

The following unfleshed and fleshed LUSAS models show the correct geometric line
feature modelling of structural members that were defined using a Grasshopper script.




Simple script

Individual lines exist between each connection point. Example of these line extents are
highlighted.

Half-through bridge

Lines represent the top and bottom flanges of the plated longitudinal beams and also
the crossbeam members. Surfaces representing the webs of longitudinal beams are
connected to the crossbeams at common points.

Network tied-arch bridge

Lines represent all members and are connected to other lines with points at each
connection. Note that the hangers and cross-bracing members have no mid-line
connections.

Simple script

The following image shows a simple script which creates a line member with a
material and a section, assigns a line load of -5kN in the Z direction and assembles the
model ready to be linked to LUSAS.
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Component input parameters

There is a distinction to be made between the two types of input:

1. Generic input types, which can be set with standard Grasshopper components,
for example curve/surface geometry, number, text, vector etc.

2. Input types which can be set exclusively using the output of other LUSAS
components, for example material, section etc.

The type of a parameter can be seen by hovering the mouse cursor over the parameter’s
name.

To prevent confusion, any parameter inputs on LUSAS components of the 2nd type
that accept only the input of other LUSAS components have an extended tooltip stating
which component outputs can be used to set that parameter’s value.

Example

The following example for a line member component shows the two types of different
parameter inputs. The 'Curve' parameter is set from a standard Grasshopper component,
and the 'Material' parameter is set from a LUSAS component.




Structural member components

A tooltip for the material parameter states which LUSAS components can be
connected.

@ Start Point
f Line

 End Point
A\ Curve
6ms .
Ma&erlal
Sectit & Material as list
Membermaﬁeriial v.‘lhmh canbe asslglnfimumplehmt‘asA!;)rseparaIE arl\a\yse.s
. Accepts inputfrom: Isctropic material, Library material, Assign material
Material Me —a p,,h _ d: ] ! i
¢ Name g . Stacl - Seraceurel | UK | ENISS3-1-1:2005 | Ungaded
Density Custom attribu
Groups
[ Steel - Structural - i
UK
EN1993-1-1:2005
Ungraded

Structural member components

Some inputs on the structural line, surface and volume member components (for
example material, section etc) can be set in two separate ways:

1. By using the output of the attribute definition components, for example
Isotropic material, Parametric section etc.

2. By using the intermediate assignment component if additional data like a
specific analysis need to be provided, for example Assign material, Assign
section etc.

Example

The following image shows the two possible ways of defining the material for a line
member:

¢ by using the output of a material attribute definition component directly

¢ by using an intermediate assignment component to state a specific analysis.
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Load / Support assignment components

Load and support assignment components require geometry (point/line/surface/
volume) as an input. The plugin will automatically find which member the attribute
should be assigned to.

Currently, loads and supports can only be assigned to points that are actual nodes of a
structural member (curve endpoints, surface/volume vertices), curves that define line
members or are edges of surface or volume members, or entire surfaces. Loads or
supports assigned to points or curves within the length of a line member or within a
surface member are not supported.

Nurb surface compatibility

Nurb surfaces are exported to LUSAS without any internal trims (holes).

Some types of nurb surfaces are incompatible and will not be exported. Warning
messages will appear on the surface member component with an explanation when:

e The surface contains a seam (e.g. cylinder).
e The surface contains a singularity point (e.g. sphere apex).

In most cases, problems with nurb surface compatibility can be overcome by
subdividing the surface.




Nurb surface compatibility

Example: Cylinder

Cylinders can be exported successfully by splitting the cylinder in half] so that there is
no seam.

Cylinder prior to splitting with seam highlighted Cylinder after splitting

Example: CHS connections

A more complex model of CHS connections can be exported successfully if an
appropriate number of subdivisions of the original geometry is made.

CHS connection boundary representations (brep) exported to LUSAS
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= 2

. _

The horizontal CHS section is subdivided The vertical CHS section is subdivided further to
horizontally and vertically. eliminate the cylinder seam and make the export
possible for the whole boundary representation.

Example script
LUSAS model (for reference)

A model of a simple loaded frame is shown below. The frame consists of 3 columns
and 2 beams with different sections. The leftmost column is fixed at the base while the
others are pinned. There are two loadcases each containing one concentrated point load
and one distributed line load.

ﬁl»x = =t —ﬁlo»x n =

Loadcase 1 Loadcase 2

The corresponding Attributes that would be generated for this model in LUSAS are
these:

10



Example script

{4 Attributes (9) .
-3 Mesh (1) o

=3 Geometric (2)
=43 Line (2)
i g LiLGeomd (IPE 240)
ot Z:LGE0M1 (HE 360 4)
=i Material {1)
=43 Isotropic (1)
&% L:Is01 (Ungraded | Steel - Structure
{3 Supports (2)
.‘ 1:Pinned
& 2:Fixed
{3 Loading (3)
=g | 2uctural (i)
1:Point load R
o 2:G0L

&% 3PointloadL

E R T

0.

Grasshopper script

This is a step-by-step guide showing the Grasshopper script required to create the
model above using LUSAS components. Note that for the sake of brevity the geometry
used is always referenced from the Rhino model, but this could also be created
parametrically using standard Grasshopper components.

The model consists of 5 line members (3 columns and 2 beams) which share a common
mesh and material attribute but have different sections. The geometry is referenced
from the Rhino model but could be also set from standard Grasshopper components
that create curves.

For this example, a line mesh with default values is used along with a material and
sections from the LUSAS libraries.

11



LUSAS plugin for Grasshopper

Defining column and beam members

| ‘ | Columns

Curve

Steel - Structural

UK
EN1993-1-1:2005 i i ’
Ungraded ¢

HE Shapes (EN5_
HE 360 A

Material

Section

Custom attributes

Groups

Beams |

Curve
Material

Section
/ Line member

Mesh

Custom attributes

ThickBeam

Groups

IPE Shapes (EN_
| IPE240 |

Column and beam members with their geometry, mesh, material and section

Defining supports

To define the supports, the ‘Support’ component is used to create a pinned and a fixed
support which is later assigned to the base of the columns using the ‘Assign point
support’ component.

For the geometry, point references from the Rhino model are used here; they also could
be extracted from the column curves used for the line members.

The analysis parameter is left empty, which signifies that the supports will be assigned
to the default base analysis.

12



Example script

v v I IR I VIV

‘

v v vl P P

Support definitions at the column bases.

Defining loading

Loads are defined similarly using the Load component to create the 3 different load
definitions: a point load of 10kN in the +X direction, a point load of 10kN in the -X
direction and a distributed load of 5 in the -Z direction.

The “Assign point load’ component is used with referenced points from the Rhino
model to assign the point loads; each point load is assigned to a different loadcase.

The ‘Assign line load’ component is used with referenced curves to assign the
distributed load in each beam for each loadcase.

13
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Loads

| Point load L ) C Point N
(  Lload , Assignment }
U

(| Loadcase 1 §

 Eoint load R ) \ Point -
| i load ~, Assignment D
]-10,0,0 P
¢

Loadcase 2

( @

! Curve
- Load m Assignment [}
(| Loadcase 1 [J (
'.J". (  Curve
| Load m Assignment [

Load definitions for the beams.

Analysis

The plugin creates an analysis by default called ‘Analysis 1’ with a single loadcase
called ‘Loadcase 1°. For this example two loadcases are required, therefore the
‘Analysis’ component is used to define them. If only one analysis is defined in a model,
it will be the base analysis by default.

14



Example script

L )

| |

|\ Loadcase 1 )
Loadcase 2

Model analysis and loadcases definition.

Assemble Model data and Link to LUSAS

Lastly, the ‘Model’ component is used to assemble all model data and set the model
units. The output of the previously shown components is connected to this component.

The model output is then connected to the ‘Live link’ component which can link the
specified model data to a running instance of LUSAS.

Model assembly and linking to LUSAS.

15
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The complete script containing all components along with their required connections is shown in the following image.

16
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Live link

The current plugin version supports continuous updates between the LUSAS model in
the Grasshopper script and a running instance of LUSAS, thus greatly enhancing the
workflow between Grasshopper and LUSAS. A one-way connection is established with
Grasshopper as the source and LUSAS as the target, whereby any modifications to the
components in Grasshopper can be transferred and previewed in LUSAS itself.

To establish a live link and update the model in LUSAS with the modifications in
Grasshopper in real time, the ‘Live link” component is used. Details about the linking
process and the proper use of LUSAS components to warrant problem-free updates
between Grasshopper and LUSAS are given in the following subchapters.

Connection to LUSAS

In the current version, the live link will work only if one single instance of LUSAS is
open and running with an active model file. As a result, the ‘Live link’ component will
present two options if no instance of LUSAS is running at the start of a live link
process:

e New model: start LUSAS automatically with an empty model.

e Open existing model: browse for a LUSAS model file, start LUSAS
automatically and open the selected model.

Note that in the current plugin version, only the latest LUSAS version can be
automatically started. If a specific LUSAS version is required, it is advised to start it
manually, create/open a model and then run the live link process.

Process overview

Due to the nature of Grasshopper components, all of their data are reevaluated with
every component solution, making it impossible to map every individual object in
Grasshopper with a model object in LUSAS. As a workaround, the plugin creates
groups in LUSAS for every ‘Line/Surface member’ or ‘Rigid link’ component in the
Grasshopper script that contain all LUSAS features created by each component.

These groups are automatically named and should not be modified, renamed or deleted
by users.

i-- Groups

5 GH_Auto_c1e623bfb27d40f4b 2433610919233
--{ 3] GH_Auto_b107032e018b42d 19222 7dhohoagaf04
.| ] GH_Auto_fa16ef3acfla42818a4927203060cee 1

Depending on the selected link mode, the plugin determines which objects to update on
the linked LUSAS model. In LUSAS, the features selected for update are first deleted
on a group-by-group basis. In the next step, the link operation creates the updated

17
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feature groups with their attributes and assignments. Modifications in the Grasshopper
model therefore cause an entire feature group (or even multiple groups) to be updated
in LUSAS.

For every link operation, an undo action is recorded in LUSAS so that the model can be
reverted to the exact state before the last update easily.

Link modes

There are two link modes available:
e ‘Whole model’ which updates the whole model with each link operation,

e ‘Modifications only’ which updates only the modified objects with each link
operation.

The ‘“Whole model’ link mode is recommended as a “reset” for the link between
LUSAS and Grasshopper. As it updates the whole model with each link operation, it
ensures that every feature and attribute is up to date. For smaller models, this mode
might not be noticeably slower than the ‘“Modifications only’ mode.

The ‘Modifications only’ mode avoids updating every feature and attribute in LUSAS
by determining only the modified objects in Grasshopper. This mode can make the link
operations noticeably faster for larger models. However, it depends on the
automatically created feature groups and other information in the LUSAS model that in
extreme cases may be disrupted. The “Whole model’ mode can be used in cases of
unexpected behaviour.

Structural member updates

Structural members in Grasshopper are created with the ‘Point/Line/Surface/Volume
member’ components and correspond to LUSAS features (i.e. geometry) with their
attributes. The link operation maps each component to a group in LUSAS and updates
all features in that group to accommodate modifications to the component in
Grasshopper.

If the “Whole model’ link mode is selected, all feature groups will be updated. In case
the ‘Modifications only’ mode is selected, the plugin will determine the modified
components and attempt to update only their respective groups in LUSAS, making the
process faster and more efficient. However, it is possible that structural members of
one component are related to members of another component, for example a line
member that also forms the edge of a surface member. In that case, all related groups
will be updated in LUSAS.

Attribute updates

Attributes are created in LUSAS for structural member parameters such as material,
section, mesh as well as for any assigned loads and supports. Attribute name

18
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parameters are in general optional for the dedicated LUSAS attribute components, they
are however mandatory for the link operation.

Attributes are identified in the LUSAS model by their name and type. Modifications to
attribute parameters (for example, material values) will get updated in LUSAS,
provided the attribute name is not modified. If an attribute name is modified, a new
attribute with the new name will be created and the previous attribute will not be
deleted. If an attribute component is removed from the script entirely, it will also not be
deleted from the LUSAS model.

It is possible that a renamed attribute may clash with attributes already existing in the
LUSAS model. The ‘Live link’ component will perform this check and report an error
for any attributes that cannot be created due to clashes with existing attributes.

There are also considerations about the load and support attributes. These are defined in
Grasshopper using the ‘Load’ and ‘Support’ components respectively and can be used
as input to multiple assignment components. It is however not obvious that a load
assigned to a point will create a different attribute in LUSAS than a load assigned to a
line or a surface. Likewise, a support with springs will create different attributes in
LUSAS when assigned to points, lines and surfaces. In such cases, separate ‘Load’ and
‘Support’ components must be used with different attribute names.

Analysis and loadcase updates

Analyses and loadcases in LUSAS contain information about most attribute
assignments. As such, care is taken by the plugin to ensure that no assignment
information is lost, thereby posing constrictions to the automatic update of analyses and
loadcases on every link operation.

Analyses are created with their loadcases in LUSAS for every ‘Analysis’ component in
the Grasshopper script. If an analysis name is modified in Grasshopper, the plugin
attempts to rename the analysis in LUSAS if there is no other analysis with the same
name. If an analysis is removed from Grasshopper entirely, it is not deleted in LUSAS.

Loadcases are only identified by their name and parent analysis and as such, they will
only be created under their respective analysis as defined in the Analysis’ component
if there are no loadcases already present with the same name in the LUSAS model.
Renaming or deleting loadcases will have no effect on the loadcases in LUSAS.

Interactions with user-defined features

Features (i.e. geometry) that are automatically created in LUSAS via the live link
process are always created as mergeable geometry. This means that they will
automatically be merged with any user-defined mergeable features in the model
according to the geometry merging rules defined in the ‘“Model properties’ dialog of
LUSAS.

19
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By specifying the merge ‘Action’ and ‘Tolerance’ settings, it is possible to fine tune the
merging behaviour to the desired effect. This makes it possible to have user-defined
geometry seamlessly integrate with geometry linked from Grasshopper.

Properties *

General Backups Geometry Meshing Attributes Options Defa * | *
Merge

Action |Ewact - Tolerance | 1.0E-6

MNew geometry unmergeable

Analysis results
Results in LUSAS

After solving an analysis, LUSAS makes the analysis results at the mesh nodes and
elements available. It is possible to have results in different locations, notably:

e Averaged nodal — averaged results on nodes.

¢ Element nodal — unaveraged results on nodes.

e Internal points — internal points in beam elements.

e Gauss points — gauss points on shell/volume elements.

e Inspection location — specified locations on model features
(lines/surfaces/volumes).

Further explanation for the results locations is not in the scope of this manual; please
read the LUSAS help to learn more about results averaging and the available locations.

Key results outputs (results entities in LUSAS terminology) include displacements,
member forces, stresses, support reactions, frequency or buckling eigenvalues,
beam/shell slice resultants and others.

20



Analysis results

Value Results  values Display

Entity ForceMoment - Thick Shell e

Mone

LI Displacement

: Force Moment - Thidk Shell |
Location ForceMoment - Thick 3D Beam
Transform  |Stress (top) - Thick Shell
Stress (middle) - Thick Shell
Stress (bottom) - Thick Shell
Stress - Thick 30 Beam
Strain (glement) - Thick 3D Beam
Strain (top) - Thick Shell
Display o Strain {middle) - Thick Shell

" =strain (bottom) - Thick Shell
Reaction
Reaction Stress
Beam,Shell Slice Resultants
11 1 1lLoading

Results entities in LUSAS have specific names and each contains a set of results
components. For example, the ‘Force/Moment — Thick 3D beam’ entity contains the
‘Fx’, ‘Fy’, ‘Fz’, ‘Mx’, ‘My’, ‘Mz’, ‘SED’ components. The available results entities
and components depend on the type of analysis, the types of elements present in the
model, the model analysis category (2D/3D) and other factors and can generally be
different for each loadcase.

=ntity Force/Moment - Thick 3D Beam
Component |Fx ~
_ocation
Transform |72

M

My

Mz

SED

Inspection locations are a special entity which allows results retrieval at specified
locations of interest within a line, surface, or volume, independently of whether a node
exists at that location. These are defined in LUSAS using the ‘Inspection location’
attribute and assigned to the respective geometry.

Results can generally be plotted on the model as contours, diagrams, values or
displayed in tabular form using the ‘Print Results Wizard’.

LUSAS results in Grasshopper

The plug-in allows results from a model in a linked instance of LUSAS to be retrieved
and imported into Grasshopper for further processing, such as member design or
structural optimisation. Note that analyses must be solved before results will be
available.

The following components are available for results retrieval:

e Mesh results — results on specified nodes/elements in the model.
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e Member results — results for members created with LUSAS member
components.

e Eigenvalue results — results for an eigenvalue analysis (eigenvalues, natural
periods/frequencies, participation factors).

e Beam/shell slice results — results for beam/shell slice resultants utilities.

The ‘Inspection location’ component enables retrieval of results at any desired location
on a member.

Note. To ensure that retrieved results are up to date with the current model’s state as
this might be modified by changes in the model, the ‘Solve’ component can be
interleaved between the ‘Live link’ and any of the results retrieval components.

Running optimisation studies in Grasshopper

Retrieval of results from LUSAS into Grasshopper enables a new class of studies,
namely optimisation workflows. These can be carried out using ‘Galapagos’, which is
included in Grasshopper by default, or more advanced plug-ins such as ‘Millepede’ and
others available on food4rhino.com. In general, these tools are based on evolutionary
solvers, whereby results are constantly evaluated during an iterative process which
alters some of the model’s inputs until a specified objective is achieved.

In the context of structural analysis, such optimisation loops may target a specific
natural frequency (for example during preliminary design or for structural health
monitoring and digital twinning), target cable forces for cable tuning (although this
capability is already available in LUSAS), reductions in overall steel tonnage or
concrete volume (for material efficiency and embodied carbon considerations), or
target displacements or stresses.

Using ‘Galapagos’ terminology, any model result can be used to define a fitness
function, while any parameter defining the structural model - such as material
properties, section properties, or support spring stiffness - can serve as a genome.
While ‘Galapagos’ is a well-established and powerful optimiser, it should be noted that
it supports only a single fitness function; therefore, alternative plug-ins may be
preferable for multi-objective optimisation studies.

The example that follows shows a simple optimisation loop using Galapagos to achieve
a target DZ displacement. The genome consists of a single value for the height D of the
section, while fitness is tied to the resulting displacement.
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Performance tips

Section

I - 003
0 0.55

0 0.020
|_ 00150 :

I
Standard

0 -0.001008

Inspection location

Show components
Example of a simple optimisation loop using Galapagos to achieve a target displacement.

Performance tips

Model preview

A preview of member cross-sections, loads and supports in Rhino’s viewports is shown
when the ‘Model preview’ component is used. For large models, the previewed objects
might impact performance. Some actions that might help include:

e Turning off the preview of specific assignment on the ‘Model preview’
component such as ‘Sections’, ‘Loads’, ‘Supports’.

e Enabling the ‘Hide model preview during fast redraws’ option in the main menu
under LUSAS > Settings. When this is active, cross-sections, loads and supports
will not be previewed when Rhino’s viewport is rapidly redrawing (for example,
when rotating or panning).

Live link

Link operations that result in modification of features in LUSAS will require the mesh
to be updated. This behaviour is on by default and may take considerable time to
complete. It is possible to speed up the link operations by using the ‘Mesh lock’ facility
in LUSAS.
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Tools | Bridge Building Composite Design  Tank KEPCO  Window

- Mesh 4 Distance Between Nodes
Annotation 4 Show Closest Modes
3 Inspection Locations 4 @ Mesh Lock I}
§ Set Fourier Angle... ﬁ I
Set Harmonic Component... @ LIS
& | Mesh Selected Items
Animation Wizard... [E, | Attribute Evaluation Lock

Results

Obtaining results for a lot of nodes/elements can be a slow process. Limiting the
number of locations during results extraction is highly advisable.
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LUSAS example
Grasshopper scripts
for download

Example LUSAS Grasshopper scripts may be downloaded from the LUSAS website at
the following address:

https://www.lusas.com/products/external plugins/grasshopper/index.html

The following examples are currently provided:
e Cooling tower
e Curved plate girder bridge
e Curved tub girder
¢ Geodesic roof
e Mobius strip
e Network tied-arch bridge
e Spherical tank
e Twin girder bridge with vehicle load optimisation
e Twisting tower
e U-frame bridge

Assignment of loading

Note that the assignment of gravity loading or other applied loading is required either
within the Grasshopper script or within LUSAS in order to allow solving of the model
to take place.
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LUSAS example Grasshopper scripts for download
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LUSAS component groups

LUSAS component
reference

LUSAS component groups

Members

- @ t BEEd S5 AL 2¢O RS ee

These comprise:

U Members
O Attributes
U Assignments
U Utilities

U Model

U Results

All components contain a link to their chapter in the manual in the Help page as shown
in Grasshopper by right-clicking on the component. Example:

Mesh results ~

Enables getting results for the specified mesh nodes/elements
from a linked LUSAS model.

Manual page

Structural members (LUSAS features with attributes) are called point, line, surface and
volume members in this reference guide.

Point member(s)

Point members have a ‘Point’ input (one or multiple), which is a data type native to
Rhino.
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The ‘Other attributes’ input accepts the output of the advanced ‘Refer/Custom
attribute’ as well as the “Activate/deactivate’ component to assign them to all members
created by the component.

The ‘Groups’ input accepts a list of group names to add the members to.

The component also outputs the member geometry (the same as the input points) so
that it can be fed to other components as an input (for example, ‘Load/support
assignment’ components.

Inputs Outputs

Point(s) — native Rhino type Point member(s)
(Other attributes) — output of the Refer/Custom Point(s) — native Rhino
attribute/Activate-deactivate component type

(Groups) — multiple line text

Point [

g -E Point member D
Q
€ Other attributes £
't

=B Point D)
(5]
C Groups K

The point member component.

Line member(s)

4

Line members have a ‘Curve’ input (one or multiple), which is a data type native to
Rhino. This curve is converted to a curve type compatible with LUSAS.

The ‘Mesh’ input accepts the output from both the ‘Line mesh’ and the ‘Assign line
mesh’ components. In the case of the former, a beta angle of 0 degrees will be
assumed.

The ‘Material’ and ‘Section’ inputs accept the output of their respective attribute
definition components either directly or through their respective assignment
component.

The ‘Other attributes’ input accepts the output of the advanced ‘Refer/Custom
attribute’ components to assign them to all members created by the component.
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The ‘Groups input accepts a list of group names to add the members to.

The component also outputs the member geometry (the same as the input curves) so
that it can be fed to other components as an input (for example, ‘Load/support
assignment’ components.

Inputs Outputs

Curve(s) — native Rhino type Line member(s)
(Material) — output of the (Assign) Material component Curve(s) — native Rhino
(Section) — output of the (Assign) Section component pe

(Mesh) — output of the (Assign) Line mesh component

(Other attributes) — output of the Refer/Custom
attribute/Activate-deactivate component

(Groups) — multiple line text

Curve
-
Material _g Line member D
; £
Section o
Mesh £
Q
Custom attributes 5 Curve D

Groups

The line member component.

Surface member(s)
Surface members have a boundary representation (brep) input (one or multiple), which
is a data type native to Rhino potentially consisting of many surfaces. Each surface will

be converted to either a flat or a NURBS surface in LUSAS depending on the geometry
in Rhino.

The component also outputs the member geometry (the same as the input breps) so that
it can be fed to other components as an input (for example, ‘Load/support assignment’
components.
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The component will validate if the surface can be exported and show a warning
message otherwise. Some nurb surfaces cannot be directly exported to LUSAS and
might require subdivisions (read more in the Nurb surface compatibility section).

Inputs Outputs

Brep(s) — native Rhino type Surface member(s)

(Material) — output of the (Assign) Material component — Brep(s) — native Rhino

e
(Section) — output of the (Assign) Surface section op

component

(Mesh) — output of the (Assign) Surface mesh
component

(Other attributes) — output of the Refer/Custom
attribute/Activate-deactivate component

(Groups) — multiple line text

Brep
Material Surface member
Section

Mesh

Custom attributes Brep D

]
]
£
=
o
=
Q
15
(L3
Y=
|
=
wv

Groups

The surface member component.

Volume member(s)

\g!

Volume members have a boundary representation (brep) input (one or multiple), which
is a data type native to Rhino. Each input brep must be closed in order to be convertible
to a solid volume. The component will show warnings for open breps that cannot be
converted.

The component also outputs the member geometry (the same as the input breps) so that
it can be fed to other components as an input as, for example, for ‘Load/support
assignment’ components.

The same rules for surface validation as in the ‘Surface member’ component apply for
the boundary surfaces of the closed breps.

30



Members

Inputs Outputs

Brep(s) — native Rhino type Volume member(s)

(Material) — output of the (Assign) Material component — Brep(s) — native Rhino

e
(Mesh) — output of the (Assign) Volume mesh op

component

(Other attributes) — output of the Refer/Custom
attribute/Activate-deactivate component

(Groups) — multiple line text

Brep |l

- Val b )

Material E olume member

Mesh E
L]
i E

Other attributes 5 i
Groups -_2

The volume member component.
Rigid link

v

Rigid links are defined with native Rhino Lines which will connect their end points
with a rigid joint with automated properties in the resulting LUSAS model. The
component’s output must be connected to the ‘Members’ input of the ‘Model’
component.

Inputs Outputs

Line(s) — native Rhino type Rigid link(s)

X {Linee/g Rigid link P
Ln RL

Line [Bs-B Rigid link -

RigLn

The rigid link component in all possible display modes.
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Calculation of rigid link properties

Rigid links created with this component have their properties automatically
approximated by the plugin. To establish a rigid link between two points, a joint mesh
attribute (joint for beams), a geometric joint attribute (y and z parametric distance at
0.5) and a joint material attribute are created in the resulting LUSAS model.

The joint material properties are approximated using the following equations in order
to make the joint adequately rigid and numerically stable irrespective of the model’s
scale.

e Translational stiffness values (u, v, w):

EA 3El>

Kx,y,z = 1000 max (T,F

e Rotational stiffness values (6y, 6y, 6,):
_ JG EI
Kgx‘y‘z = 1000 max (T,T)

Where:

E is the maximum Young’s modulus from the materials present in the model
L is the average line length of all line members in the model

A is the maximum area of all cross-sections in the model

I is the maximum moment of inertia (both /,,, and I,;;) of all cross-sections in the
model

J is the maximum torsional constant of all cross-sections in the model

G is the shear modulus derived from the calculated value of E as follows (v = 0.2 is

assumed):
E E

C=a+v) 22

From the above it is evident that, in order for the joint material values to be calculated,
the following must be present in the model:

1. At least one valid material.
2. At least one valid cross-section.

3. At least one line member.
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Attributes

Attributes have their own definition component and will be assigned to members with
their respective assignment components where necessary. Attributes that require no
additional assignment data in LUSAS (or in which the assignment data will be
assumed) can be connected directly from the attribute definition component to the
corresponding member.

Line mesh

[
-
-

The line mesh component allows for the definition of line mesh attributes. It features
dropdown lists for selecting the line mesh type and order for a specified analysis
category. The available line mesh types are a subset of the available mesh types in
LUSAS.

The ‘Divisions’ input optionally specifies the number of mesh divisions. If left
undefined, the default spacing option in LUSAS is assumed.

The ‘Length’ input optionally defines a fixed element length for the mesh. The
component only allows one of the two inputs to be specified at any time and reports an
error otherwise.

The ‘Releases’ input can optionally be used to specify releases for the line mesh, by
taking the output of the ‘Releases’ component as input. Note that not all line mesh
types support end releases. This is validated by the component and an error message is
shown if necessary.

Inputs Outputs

(Name) — single line text Line mesh
(Divisions) — numeric, > 0, default: 4
(Length) — numeric, > 0, default: 0

(Releases) — output of the Line mesh releases
component
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H Line mesh

Thick beam

Linear

The line mesh component.

Line Mesh X

Analysis category

E |

Structural

(®) Element description (O Use default spacing
Element type

h g | (®) Number of divisions
Spading...

(C) Element length

OElement name BMIZ1 0.0

Line mesh dialog in LUSAS.

Line mesh releases

v

The releases component allows the definition of releases for the ‘Line mesh’
component. By checking any of the custom checkbox controls, the respective degree of
freedom for the start/end of the line mesh can be released.
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es

il
<
L
[T}
-
£
@
a
|| &
] @
j &

The line mesh releases component in all possible display modes.
Surface mesh

&

The surface mesh component allows for the definition of surface mesh attributes. It
features dropdown lists for selecting the surface mesh type, shape and order for each
analysis category and one dropdown list for selecting between regular, regular (allow
irregular) and irregular mesh. The available surface mesh types are a subset of the mesh
types available in LUSAS.

The ‘Divisions’ input optionally specifies the number of mesh divisions in both
directions. The ‘Size’ input optionally defines a fixed element size for the mesh. If both
inputs are left undefined, the ‘Automatic’ option will be set on the Surface mesh dialog
within LUSAS. The component only allows one of the two inputs to be specified at any
time and reports an error otherwise.

If an irregular mesh is specified, only the ‘Size’ input is valid, and an error is shown if
any input is connected to the ‘Divisions’ input.

Inputs Outputs

(Name) — single line text Surface mesh
(Divisions) — numeric, > 0, default: 4

(Size) — numeric, > 0, default: 0
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3D
Thick shell

Quadrilateral

Linear

Reqular

The surface mesh component.

Surface Mesh *
Analysis category
@ |
Structural
(®) Element description (® Reaular mesh
Element type Allow transition pattern
| Thick shell ~ | Allow irregular mesh
Element shape
| Quadrilateral e | Element size 1.0
Interpolation order Local x divisions | 4
|Linear i |
Local y divisions | 4
(O Irregular mesh
Elementsize | 1.0
(O Element name QT54
Surface mesh dialog in LUSAS.

Volume mesh

itd

The volume mesh component allows for the definition of volume mesh attributes. It
features dropdown lists for selecting the volume mesh type, shape and order. The mesh
regularity is automatically selected based on the specified mesh properties by LUSAS
and is shown in an additional dropdown list that cannot be edited by the user. A
checkbox controls the ‘Allow transition pattern’ option.
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The ‘Divisions’ input optionally specifies the number of mesh divisions in the x/y/z
directions and is only valid for regular meshes. The ‘Size’ input optionally defines a
fixed element size for the mesh and is only valid for irregular meshes.

Inputs Outputs

(Name) — single line text Surface mesh
(Divisions) — numeric, > 0, default: 4

(Size) — numeric, > 0, default: 0

E

=
g
£
Q
£
3
3

Stress
Hexahedral

Linear

Regular

The volume mesh component.

Volume Mesh X

Analysis category
@ | [

Structural

(®) Element description (@) Reguiar mesh
[ Allow transition pattern

Automatic

Local x divisions | 4

Local y divisions | 4

‘Quadraﬁc oo |
Local z divisions | 4
Irregular mesh
El t i 0.0
() Element name HX20 ement size

Volume mesh dialog in LUSAS.
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Activate/deactivate
-

2%

The ‘Activate/deactivate’ component can be used to activate and deactivate members
on specified loadcases, typically for staged construction analyses.

The ‘Activation’ and ‘Deactivation’ loadcase parameters accept a loadcase name as
text or the output of the ‘Loadcase’ component. At least one of these parameters must
have an input for the component to function. Both parameters cannot have the same
loadcase as an input.

In case of deactivation, a dropdown list can be used to select from the available options
in LUSAS (see the LUSAS Modeller help topic ‘Activation and deactivation of
elements’ for details).

The output of this component can be connected to the ‘Other attributes’ parameter of
member components.

Inputs Outputs

Name — single line text Activate/deactivate

(Activation loadcase) — output of the Loadcase component /
single line text

(Deactivation loadcase) — output of the Loadcase component
/ single line text

vate

.
|

=
v
@
Q
(a]
~
9
=
m
2
=
v
<

Follow active mesh

The activate/deactivate component.

38



Attributes

Isotropic material

&

Isotropic material inputs match the inputs in LUSAS’s Isotropic dialog.

Inputs

Outputs

(Name) — single line text

Young’s modulus — numeric, > 0

Poisson ratio — numeric, > 0

Density — numeric, > 0

(Thermal expansion coefficient) — numeric, > 0,
default: 0

Isotropic material

Isotropic materi II

The isotropic material component in all possible display modes.

Isotropic
[ Plastic [creep [ bamage
Elastic
|:| Dynamic properties

[] Thermal expansion

[ shrinkage [ viscous [Otwophase [ ko Initialisation

Value

Young’s modulus

Poisson's ratio

Mass density

Coefficient of themal expansion

Isotropic material dialog in LUSAS.
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Library material

With the library material component, you can select from the available materials in the
LUSAS material library using the custom dropdown menus. Note that the plugin will
first look for a valid LUSAS installation, in lieu of which it will fall back to the locally
installed library files that come with the plugin installation.

The component outputs the material density (converted to model units) in case it can be
used for other calculations.

Inputs Outputs

(Name) — single line text Isotropic material

Density — numeric

erial

Steel - Structural
Stesl - Structural UK

UK
EN1993-1-1:2005
Stesl - Structural Ungraded
UK
EN1993-1-1:2005
Ungraded

EN1993-1-1:2005
Ungraded

Library mat

The library material component in all possible display modes.

Parametric section

2

The parametric section component features two custom dropdown menus where you
can select the type and subtype of the parametric section. When the selection changes,
the component inputs apart from the ‘Name’ input are updated to reflect the selected
type and subtype, while any already connected inputs will be preserved only for
parameters that match in name and order with the previous selection. For example, in
the scenario where the selection is changed from rectangular section (B, D) to

rectangular hollow section (B, D, t, ri, to), the inputs to B, D parameters will be
preserved.
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The component also shows descriptive tooltips for each parameter and supports
optional parameters, for example for the I section the r (radius) parameter.

Although most of the parametric sections have an available preview shape, the
component will show an informative message if a preview is not possible.

The component also outputs the section area (converted to model units) in case it can
be used for other calculations.

Inputs Outputs
(Name) — single line text Parametric section
Required parameters e.g. B, D — numeric, > 0 Area — numeric

(Optional parameters e.g. r) — numeric, > 0,
default: 0

3

=]
[v]
@
L% ]
'
=
)
[}
E
[+
P
L
.

The parametric section component in all possible display modes; I section.

Library section

B

With the library section component, you can select from the available sections in the
LUSAS section library using the custom dropdown lists. Note that the plugin will first
look for a valid LUSAS installation, in lieu of which it will fall back to the locally
installed library files that come with the plugin installation.

For any section type that does not have an available preview shape, the component will
show an informative message.
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Inputs Outputs

(Name) — single line text Library section

Area — numeric

(
2
-

Australian Sectio_
Universal Beams
610UB125

Australian Sectio_
Universal Beams
610UB125

Library sec

Australian Sectio_
Universal Beams
610UB125

The library section component in all possible display modes.

Arbitrary section

&

The arbitrary section component accepts a list of curves as an input, which define the
shape of an arbitrary section. These curves need to form one or more closed loops in
the XY plane, which will be trimmed in LUSAS to create the section shape with any
internal holes.

The component validates that the curves are planar in the XY plane and that they form
closed loops. Otherwise, an error is reported, and no output is provided.

Section preview is by default available for any arbitrary section.

The component also outputs the section area (converted to model units) in case it can
be used for other calculations.

Inputs Outputs
(Name) — single line text Arbitrary section
Curves — native Rhino type Area — numeric
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Curves Area

ction

MName & Section t

¢ Name Section

@ Curves Area )]

QU
i
=
.
L]
e
=
2
[
<

The arbitrary section component in all possible display modes.
Surface section

The surface section component is the equivalent of the surface geometric attribute in
LUSAS. It allows for the definition of a surface’s thickness and eccentricity.

Inputs Outputs

(Name) — single line text Parametric section
Thickness — numeric, > 0

(Eccentricity) — numeric, default: 0

1on

i

v
Q
"]
@
v
]
Y=
i
=]
v

The surface section component in all possible display modes.

The ‘Load’ component allows the definition of load attributes, by specifying a force
and a moment 3D vector for the load values. The moment load values will be ignored if
the load is assigned to a surface member.
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Inputs Outputs

(Name) — single line text Load
(Force) — 3D numeric vector, default: (0,0,0)
(Moment) — 3D numeric vector, default: (0,0,0)

The load component in all possible display modes.

Support

¢

The support component allows for the definition of a support attribute. Select the fixed
degrees of freedom by enabling the respective checkbox controls. The
‘Translation/Rotation springs’ inputs each accept a 3D vector for the spring values.
Any non-zero spring value will override the ‘Conditions’ controls and will force the
respective degree of freedom to use the specified spring value.

Inputs Outputs

(Name) — single line text Support

Translation springs — 3D vector, numeric, > 0, default:
(0,0,0)

Rotation springs — 3D vector, numeric, > 0, default:
(0,0,0)

The support component in all possible display modes.

Custom attribute

)
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The custom attribute component is an advanced component enabling the definition of
any LUSAS attribute by specifying the LUSAS Programmable Interface (LPI)
commands required. With this component, attributes that do not yet have their
dedicated component can be created.

The ‘DefineLPI’ parameter is used for the attribute definition while the ‘AssignLPI’
parameter is used for the attribute assignment.

Definition LPI

To obtain the LPI commands for the definition of an attribute, you can record a script
using the File> Script> Start recording menu item in LUSAS or by switching to LPI
Commands in the text output window. After manually creating the attribute in LUSAS,
the LPI commands can be copied and used as the input to the ‘DefineLPI’ parameter.

For example, the image below shows the commands that should be copied for the
definition of a discrete patch load, starting from the command that creates the attribute
(‘set attr = database.create..’), including all commands which specify the attribute
values up to the ‘set attr = nothing’ command (optional).

Including commands from below or above these will probably lead to an issue with the
model. The attribute name will be exactly as stated in the LPI.

Note that for now, it is mandatory to use ‘attr’ as the variable name (just like LUSAS)
otherwise the component will report an error.

i B Copy
- Ly
=] Select All
=
' Clear All
Show Top Home
il
= Show Bottom End
7 Show Selection
,,, Set font...
=1
= Attach Log File...
=2 | [pedfy... ||| Close Log File
Text Output — Character Select Mode
Show Dat
(Al messages () Errors and warnings () Orlly errors (@) LPI Commands ow ate
Show Time

RGP

Example of copying the LPI commands directly from the text output window.
Assignment LPI

The assignment LPI commands are optional as most of the attributes in LUSAS use the
same commands for their assignment to features. The following commands assign a
support attribute to the selected features:
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call assignment.setAllDefaults()

call assignment.setlLoadset("Loadcase 1")

call database.getAttribute("Structural Support", "Pinned").assignTo(selection,
assignment)

For attributes that require special commands for their assignment the same process as
with the definition LPI can be followed, this time by manually assigning the attribute to
the selected features in LUSAS. The LPI commands can then be copied and used as the
input to the ‘AssignLPI” parameter.

For example, the image below shows the commands that should be copied for the
assignment of a discrete patch load, starting from the command ‘cal1
assignment.setAllDefaults()’, including all commands which specify the assignment
options up to the ‘call database.getAttribute(..).assignTo(.., assignment)’ command
(optional). The plugin will modify or append the assignTo command to correspond with
the structural members to which it is assigned in Grasshopper.

Including commands from below or above these will probably lead to an issue with the
model.

Text Output - 1
(O allmessages  (C) Errors and warnings () Only errors (@) LPI Commands Clear all

11:06 call wiew.selectRect(-223.9211345626763, 299.3038148543592, 1.73%6
11:06 'selection now contain: F191

POOPPIPPW

Example of the LPT commands for the assignment of a discrete patch load.

Inputs Outputs

DefineLPI — multiline text Custom attribute

(AssignLPI) — multiline text

-

(]
-
S
Q2
=
s
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[
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[e]
2
w
S
v

The custom attribute component.
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Refer attribute

>

lf—

The refer attribute component can be used to assign attributes that are defined
elsewhere to structural members in the Grasshopper script. Such attributes could, for
example, be defined in the live LUSAS model manually or with custom LPI commands
as a prepended script on the Export/Live link components. As such, attributes that do
not yet have their dedicated component can be assigned to structural members in the
Grasshopper script.

The ‘Name’ and ‘Type’ parameters are required to reference the attribute in the
LUSAS model. The type parameter is not directly shown in LUSAS, it can however be
determined in a few different ways:

o By using the ‘Show LUSAS attributes’ button on the component (see below).

e By looking at the topmost category the attribute appears in the ‘Attributes’ tab
in LUSAS (e.g. Mesh, Geometric, Material, Support, Loading etc).

e By looking at the LPI Commands text output and manually renaming or
assigning the attribute in the model. A command such as ‘call
database.getAttribute("Loading", "Loadl").setName("Load2")’ will be shown
which indicates that the type of the attribute is ‘Loading’.

Some of the most often used types are: ‘Mesh’, ‘Geometric’, ‘Material’, ‘Support’,
‘Loading’, ‘Local coordinate’, ‘Design’.

For the ‘AssignLPI’ parameter, refer to the description in the Custom attribute section.

The ‘Show LUSAS attributes’ button can be used to connect to a running instance of
LUSAS and show a list of all attributes in the model to facilitate the process of finding
the correct type for an existing attribute.

Inputs Outputs
Name — text Custom attribute
Type — text

(AssignLPI) — multiline text
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(T V|
Show LUSAS attributes

The refer attribute component.

& Attributes in example.mdl — X

B e st
[#- Surface Mesh
Line Geometric
Surface Geometric
+1- |sotropic Material
- Structural Support
- Local Coordinates
- Section

Search in all attributes_

Copy name H Copy type H

Loaded 93 attributes from the live model (example.mdl).

The ‘Show LUSAS attributes’ dialog.

Assignments
The assignment components sit between the attribute definition components and the

inputs of member of model definition.

Assign line mesh

v

The line mesh assignment component accepts a line mesh and a beta angle as inputs,
allowing you to customise the beta angle for specific members (in degrees). Use of this

component is optional; the output of the line mesh component itself can be directly
connected to a line member and assume a beta angle of 0.
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This component will also check if the definition of a beta angle is accepted by LUSAS
for the specific line mesh type. For example, the following line mesh types do not
accept a beta angle and will produce an error on the component: none, bar.

Inputs Outputs

Line mesh — output of the Line mesh component Line mesh

Beta angle — numeric

% -E
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) =
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= =,
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=

The assign line mesh component in all possible display modes.
Assign section / material
- w LT
-
KN 4

The section and material assignment components allow for specifying a specific
analysis and or optional eccentricity values in the case of a section. Their use is
optional, i.e. the output of the section or material components can be directly assigned
to members assuming the base analysis of the model.

Inputs Outputs

Section — output of any Section component Section

Analysis — single line text / output of the Analysis
component

(Ecc. z) — numeric, default: 0

(Ecc. y) — numeric, default: 0

o
=)
o
@
"
c
2
0
]
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The assign section component in all possible display modes.

Inputs Outputs

Material — output of any Material component Material

Analysis — single line text
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The assign material component in all possible display modes.

Inputs Outputs

Section — output of the Surface section component  Surface section

Analysis — single line text
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The assign surface section component in all possible display modes.

Assign point/lline/area load
¥ 1 I.& 1 1 y
= @

Loads are assigned by specifying the underlying geometry (points, curves or breps)
which must match that of a structural member. This is necessary for the plugin to find
which member to assign the support to. Loads can be assigned to lower order geometry
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of a member or the entire member itself (for example, a ‘Line member’ component can
have supports assigned to the entire curve or any of its end points).

Load assignment components also have the ‘Loadcase’ input, where specify a valid
loadcase name must be specified, as is defined via an ‘Analysis’ component connected
to the ‘Model’ component.

Inputs Outputs
Point(s)/Curve(s)/Brep(s) — native Rhino types Point/Line/Area load
assignment

Load — output of the Load component

Loadcase — single line text / output of the Loadcase

component
g Point _g
.“:-_:' Point :
g Load g_ Assignment D load , Assignment
' E, Loadcase
0 Loadcase [
- o
Curve E
o Curve B
[= : .
Load [E= Assignment D Load Assignment
& Loadcase
Loadcase (i
] <
J Brep g 2
r = Brep
a a w ;
Load (=W Assignment D o Load @7 Assignment
& E‘ Loadcase
Loadcase [ @
] < <

All assign load components in all possible display modes.

Assignment scope

8

LB
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The Assignment scope component can be used to set multiple loadcases for a load
assignment with all options currently available in LUSAS. This includes the following
scenarios:

e Single/Specific loadcases: input data only in the ‘Loadcase’ parameter. Multiple
inputs are valid.

e All loadcases of an analysis: input data only in the Analysis parameter.

e Range of loadcases: input data only in the ‘Loadcase’ and ‘Loadcase to’
parameters (specifically, only one input in each).

e Loadcase until the end of analysis: input data only in the ‘Loadcase’ parameter
and check the ‘Until the end of analysis’ checkbox.

Loadcases can be specified by name (text) or using the output of the ‘Loadcase’
component. Any other permutation of inputs will result in an error on the component.

Inputs Outputs

Loadcase — text/output of the Loadcase component Assignment scope
(Loadcase to) — text/output of the Loadcase component

(Analyses) — text/output of the Analysis component

a
=B
]
J
"]
)
(=
o
£
c
o
‘0
v
<

The Assignment scope component.

Assign point/line/area support
L] W u

b e
Supports are assigned by specifying the underlying geometry (points, curves or breps)
which must match that of a structural member. This is necessary for the plugin to find
which member to assign the support to. Supports can be assigned to lower order

geometry of a member or the entire member itself (for example, a ‘Line member’
component can have supports assigned to the entire curve or any of its end points).
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Supports can be assigned to an entire analysis (in the case of the base analysis, to all
analyses in a model) or to a specific loadcase (useful for staged construction analyses).
The ‘Analysis’ and ‘Loadcase’ parameters are optional. In lieu of input data on both
parameters, the supports are assigned to the base analysis in the model. If an analysis is
specified, the supports are assigned to all loadcases of this analysis. If a loadcase is
specified, the supports are assigned to this specific loadcase. If both are specified, the
analysis will be ignored.

Inputs Outputs
Point(s)/Curve(s)/Brep(s) — native Rhino types ~ Point/Line/Area support
assignment
Support — output of the Support component
(Analysis) — single line text / output of the
Analysis component
(Loadcase) — single line text / output of the
Loadcase component
Point J Curve Brep
Support { Support Support

Assignment D Assignment

Assignment :
Sl Q  Analysis Analysis

o
o
o
3
v
@
=
=
o)
‘n
v
<

( Loadcase Loadcase
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Loadcase

All assign support components.
Utilities
Beam/shell slice resultants

&

Creates ‘Beam/shell slice resultants’ utilities in the LUSAS model using the specified
‘Curves’ to define a continuous slice path. For all relevant input parameters and
options, check LUSAS help.

The curve path can consist of existing member geometry or standalone curves in the
model.
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“Slice locations’ can accept the following inputs depending on the ‘Slice spacing’ used:

e Incremental distances: single text with the following format — 1@10;2@5 (will
create 1 location at 10 meters and 2 locations at 5 meters).

e Absolute distances: single text with the absolute distances separated by ;" —
10;15;20 (will create locations at the specified distances). Multiple numeric
inputs are also supported.

e Parametric distances: single text with the parametric distances separated by ‘;” —
0.1;0.2;0.5 (will create locations at the specified distances). Multiple numeric
inputs are also supported.

e Constant spacing: single numeric input.

The ‘Extent group’ parameter can be used to specify a member group to narrow the
scope of the slice.

Inputs Outputs

Name — single line text Beam/Shell slice resultants
Curves — native Rhino type

Slice locations — single line text/multiple numeric

(Distance from origin) — numeric

(Rotation) — numeric

(Slice width) — numeric > 0

(Extent group) — text
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Model

{ Name (¢4
=
=
{ Curves [£5
g
( Slice locations |f-4
[}
. .. v
{ Distance from origin G- Beam/Shell slice resultants
{ Rotation (]
43
wv
¢ Slice width “g
"
( Extent group [
—— Slice spacing
| Constant spacing e.g. 1.25 -
Include slices at points
Smooth corners on path
Include whole elements only
—— Moments about
Neutral axis @
Slice path O

The Beam/Shell slice resultants component.

Analysis

—
=

The analysis component enables the definition of analyses for the LUSAS model. Each
analysis has a ‘Name’ and a ‘Loadcase(s)’ input, where you specify the analysis name
and any loadcase names to be associated with the analysis. The ‘Loadcase’ input
accepts a list of unique loadcase names (either list of texts or multiple lines of text) or
the output of the ‘Loadcase’ component. These loadcases must be referred to by name
in the load assignment components.

The ‘Base analysis’ checkbox sets this analysis as the base analysis in the model.

The ‘Add gravity’ checkbox will add gravity loads with factor 1.0 to all loadcases of
the analysis.

The order of loadcases within the analysis can be explicitly specified with the aid of the
‘Reorder loadcases’ button which opens the respective dialog. By default, the loadcase
order is dictated by the order of connectivity of inputs to the ‘Loadcases’ parameter. By
checking the ‘Custom order’ checkbox, the order can be changed by dragging the
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loadcases in the listbox. This is especially useful for nonlinear loadcases (see
‘Loadcase’ component for more details).

Inputs Outputs

Name — single line text Analysis

Loadcases —multiple line text/output of the Loadcase
component

Reorder loadcases

The analysis component.

@} Reorder loadcases - >

Custom order

Loadcase
Loadcase 1

Loadcase 2

 Loadcase 3

OK ‘ ‘ Cancel

The reorder loadcases dialog.
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Loadcase

®

The loadcase component enables the definition of loadcases for the LUSAS model.
Each loadcase has a ‘Name’ which must be unique for the whole model. The optional
‘Gravity’ parameter can be used to specify a gravity load factor for the loadcase (will
supersede the general analysis gravity on the ‘Analysis’ component).

Loadcase controls

The component features a droplist menu for enabling loadcase controls for the
loadcase. Regular loadcases are linear by default. Selecting one of the other available
options will enable the respective controls in LUSAS with some default values (see
screenshots below). These options are as follows:

e Nonlinear controls: those enable the ‘Nonlinear and Transient’ loadcase controls
in LUSAS with incrementation set to manual.

o Eigenvalue (frequency): those enable the ‘Eigenvalue’ loadcase controls for
frequency eigenvalue analysis with 12 eigenvalues by default.

o Eigenvalue (buckling): those enable the ‘Eigenvalue’ loadcase controls for
buckling eigenvalue analysis with 1 eigenvalue by default.

The optional ‘Controls LPI” parameter can be used with raw LUSAS Programmable
Interface (LPI) commands to override the default values as described above. These
commands can be copied directly from LUSAS’s text output window (see ‘Custom
attribute’ reference for more details).

Inputs Outputs

Name — single line text Loadcase
(Gravity) — numeric

(Controls LPI) —multiple line text

Name

Gravity Loadcase D

oad@

Controls LP| |

—— Loadcase controls
| Linear -I

The loadcase component.
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Monlinear & Transient

Incrementation Solution strategy

MNonlinear Same as previous loadcase
Incrementation Manual w Max number of iterations
Starting load factor 0.1 Residual force norm
Max change in load factor 0.0 Displacement norm
Max total load factor 1.0 Advanced...

Adjust load based v
Adjust load based on convergence Incremental LUSAS file output

Iterations per increment 4 Same as previous loadcase
Two Phase
Initial time step 0.0
_ Max number of saved restarts ICI
Total response kme 100.0E6
Automatic time stepping

Advanced...

[]save a restart at the end of this contral

Common to all

Max time steps or increments ICI

Default values for ‘Nonlinear’ controls.

Eigenvalue X
Solution | Fregquency w Value
Number of eigenvalues 12
Shift to be applied
[indude modal damping Set damping. ..
Eigenvalues required | Minimum w
Range specified as
Frequency Eigenvalue Buckling load
Eigenvector normalisation Type of eigensolver | Default ~
O Unity (®) Mass (O stiffness

Sturm sequence chedk for missing eigenvalues

[ convert assianed loading to mass

QK Cancel Help

Default values for ‘Eigenvalue (frequency)’ controls.
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Eigenvalue X

Solution |Bud-ding load ~ | Value
Number of eigenvalues 1]
Shift to be applied

Indude modal damping Set damping. ..

Eigenvalues required | Minimum ~ |

Range specified as

Frequency Eigenvalue Buckling load
Eigenvector normalisation Type of eigensolver | Default ~ |
Unity Mass Stiffness

Sturm seguence chedk for missing eigenvalues

Convert assigned loading to mass

I OK I | Cancel | | Help |

Default values for ‘Eigenvalue (buckling)’ controls.

Usage example

The following example shows how ‘Nonlinear and Transient’ controls with non-default
values can be added to a loadcase in Grasshopper. At first, ‘Nonlinear’ is selected on
the droplist on the component. This will add the loadcase controls with the default
values as shown in the screenshot in the previous section.

LUUULuUaT

Panel L
Nonlinear J'

Setting up the ‘Loadcase’ component with nonlinear controls.

If an ‘Automatic’ incrementation with the settings shown in the next screenshot are
required, by opening the ‘Nonlinear and Transient’ dialog under a loadcase in LUSAS
and putting in the desired settings, the LPI commands will show in the Text output
window when OK is clicked.

By copying these commands as input for the ‘Controls LPI’ parameter, the default
values will be overridden.
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Menlinear & Transient

Incrementation Solution strategy
Monlinear Same as previous lbadcase
Incrementation Automatic ~ Max number of iterations 12
Starting load factor Residual force norm 0.1
Max change in load factor Displacement norm 0.1
Mex otaloa facr e
2 adi
Adjust load based on convergence Incrementsl LUSAS file output
Iterations per increment Same as previous loadcase
Advanced... Output file 1
Time domain Plot flle 1
Two Phase
Restart file 0
Initial time step 0.0
. Max number of saved restarts 0
Tatal response time 100.0EG
Loag file 1
Automatic time stepping
History file 1
Advanced... L\\»

[[]5ave a restart at the end of this contral
Common to all

Max time steps or increments l:l
concel | | re

Settings for the ‘Nonlinear and Transient’ controls for this example.

Text Output

Onlimessages  OFrrorsandwarnings O only eors @ LPI Commands

[
[
o
[
o
[
o
[
(]

The Text output window will show the LPI commands for the nonlinear controls of this example.
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Panel |
Nonlinear
Panel

set loadcase = database.getlLoadset ("Loadcase 1", 0)
call loadcase.setTransientControl (0
call loadcase.getTransientControl () .setValue
("CouplingReadInterval", 1.0).setValue Nonlinear
("CouplingWriteInterval™, 1.0)
call loadcase.getTransientControl
() .setNonlinearAutomatic(0.2) .setValue
("Iterations", 8).setValue ("MaxChangeInLoadFactor",
0.1) .setValue ("MaxLoadFactor™, 1.0).setValue
("IncrementMethod", "Constant load level")
call loadcase.getTransientControl().setValue
("stiffnessParameter", 0.0).setValus
("TerminateonLimit", false)
call loadcase.getTransientControl () .setValue
("minChangeIncLoad", 1.0E-15).setValue
("AllowStepReduction", true)
call loadcase.getTransientControl().setValue
("ReductionFactor™, 0.5).setValue
("originalLoadIncreaseFactor", 2.0).setValue
("MaxStepReduction", 5)
call loadcase.getTransientControl () .setValue
("arcLenPathDir", "By number of negative
pivots").setValue ("arcLengthUse", "off")
set loadcase = nothing

The LPI commands are copied into a Panel in Grasshopper.

Export

The Export component can be used to export the model to a LUSAS model file (mdl)
or to a LUSAS Visual Basic script (Ivb) for loading into LUSAS at a later date.

The ‘Filename’ input parameter can be optionally used to specify the path and filename
for the exported file. In lieu of data in this parameter, a dialog is shown so a filename
can be selected.

The ‘Run’ parameter is used to turn this component on/off, enabling full control over
its operation.

The ‘Output’ parameter will contain the LVB script output for the current model and
will be populated even if the ‘Run’ parameter is not activated. This can be connected to
a ‘Panel’ in order to inspect the LVB script. Due to major performance issues of panels
with text content that is too long, the output will be trimmed to a max of 60000
characters.

Note that the model export option requires a background instance of LUSAS.
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Inputs Outputs

Model — output of the LUSAS model component Output — multiple line text
(Prepend) — multiple line text

(Append) — multiple line text

(Filename) — text

(Run) — boolean

The export component in all possible display modes.

Live link

The Live link component enables live updates to an open model in a running instance
of LUSAS. The model in LUSAS is updated with the modifications in the Grasshopper
script components with every link operation.

Live link requires that a single instance of LUSAS is running with an open model. It is
possible for you to start LUSAS manually before issuing a link operation. The
component can also start a LUSAS instance to create the model the first time or open
an existing model to link to.

As model updates might be a costly operation, the ‘Run’ parameter is used to turn the
component on/off so you have full control of when the model updates will be issued.
This is especially useful when a lot of modifications are queued in succession (such as
sliding a value slider).

Vanilla Grasshopper components such as ‘Button’ or ‘Boolean toggle’ are some
examples of ways to control the link operation. Note that by using the ‘Button’
component any error messages on the Live link component will not be available.
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Two link modes are available:

e  Whole model — the whole model will be updated in LUSAS with each link
operation.

e Modifications only — only the modified parts of the model in the Grasshopper
script will be updated in LUSAS. This might reduce the time required to link
substantially for large models.

During the linking process no interaction with Grasshopper is possible, and a progress
window is shown to inform you of the current status until the operation is complete.
The ‘Cancel’ button can be used to forcefully disable the component from further link
operations even if the ‘Run’ parameter is set to true. This works as a failsafe in case
multiple link operations have been queued (for example by a wide value slider swing).
To reset the disabled state, the ‘Run’ parameter needs to be toggled.

Updating model in LUSAS.

It is possible to prepend or append additional text to the final script by connecting text
to the designated input parameters.

During the live update, if the model units and/or analysis category is different between
the ‘LUSAS model’ component in the Grasshopper script and the model in LUSAS, a
dialog displayed for you for confirmation that these properties will be updated in
LUSAS. By selecting ‘Cancel’ on this dialog, the link process is cancelled.

Note that the ‘Live link’ component will be forcefully disabled when a Grasshopper
document is opened, to prevent any accidental link operation if the ‘Run’ parameter
was left in a ‘True’ state when the document was saved.

Inputs Outputs

Model — output of the LUSAS model component Linked model
(Prepend) — multiple line text
(Append) — multiple line text

(Run) — boolean

63



LUSAS component reference

The Live link component.

LUSAS Model

\g!

The LUSAS model component assembles all of the model information: line/surface
members, analyses and their loadcases/loads, load/support assignments and the model
units.

The ‘Members’ input accepts both line and surface member inputs. If no members are
supplied, the component reports an error as a model without members does not make
any sense.

The ‘Analyses’ input accepts the output of one or more analysis components. If no data
is supplied, the model is created with 1 analysis (‘Analysis 1°) and 1 loadcase
(‘Loadcase 1’) by default. The loadcase names must be unique among all analyses. The
base analysis is selected as follows:

e If any analysis component has the ‘Base analysis’ checkbox enabled, it will be
marked as base.

e If multiple analysis components have the ‘Base analysis’ checkbox enabled, the
first one in order will be assumed with a warning message.

e Ifno analysis components have the ‘Base analysis’ checkbox enabled, the first
one in order will be assumed.

The ‘Assignments’ input accepts the output of the load and support assignment
components.

The “Utilities’ input accepts the output of the ‘Beam/Shell slice resultants’ component.

The component also has two dropdown lists:

e Selection of the desired model units, which must be the same in Rhino and
LUSAS. An error message is shown on the component if the units do not match,
and no output is produced.
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o Selection of the desired analysis category, which must be compatible with the
‘Line/surface mesh’ attributes used for members in the model. An error is
shown otherwise, and no output is produced.

Note. This exampNote that in LUSAS attributes of the same type must have unique
names. In case duplicate names are found, a unique name will be created automatically
by appending a dash (-) and a number to the original attribute name (does not apply
when using ‘Live link’ to link with a live model, in which case all names must be
unique).

Inputs Outputs

Member(s) — output of any Member component LUSAS Model
(Analyses) — output of the Analysis component

(Assignments) — output of any Assign load/support
component

(Utilities) — output of any Beam/shell slice resultants
component
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The LUSAS model component.

Model preview

The model preview component is responsible for the preview of member sections as
well as any load and support assignments in Rhino’s viewport. This component must
be used with an existing ‘LUSAS Model’ as input in order for any preview to take
place. It outputs the ‘Model” again so that it can be used between the ‘Model” and ‘Live
link” components, or standalone.

If features settings for the preview in the form of custom controls:
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e The ‘Loads’/’Supports’/’Sections’ checkboxes can be used to toggle the
respective previews altogether.

e The value slider can be used to change the scale of the load/support preview
props in the viewport.

e The active analysis/loadcase dropdown lists can be used to select the
analysis/loadcase from which to show sections/loads/supports and
activated/deactivated members.

Inputs Outputs
Model — output of the LUSAS model component Model
E € Model %ﬁ Model D
A
q Mdl % Mdl D | Assignments
{ Model Model D s Loads
—— Assignments ———| |Supports
Loads Sections
— Assignments ————| |5 5horis 01.00
Loads Sections —— Active loadcase
Supports Lt otet—— | Analysis 1 -
Sections — Active loadcase I Loadcase 1 -

01.00 | Analysis 1 -
— Active loadcase | Loadcase 1 -
I Analysis 1 -
| Loadcase 1 -

The model preview component in all possible display modes.

Solve

A

Instructs a linked LUSAS instance to run the solution on the specified or all analyses in
the model. The ‘Linked model’ parameter accepts the output of the ‘Live link’
component and is dependent upon it creating a connection with LUSAS. This
component does not facilitate a link with LUSAS by itself.

It outputs the ‘Linked model’ and thus can be used between the ‘Live link’ component
and any results component in order to ensure that results will be up to date.

When checked, the ‘Solve all’ option will enable solution on all analyses present in the
model.
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Results

Inputs Outputs

Linked model — output of the Live link/Solve component Linked model

(Analyses) — single line text/output of the Analysis
component

The Solve component.

Components that extract results from a linked LUSAS model. These components do
not establish a link to LUSAS on their own; the ‘Live link” component must be used
for that and its input fed to these components.

Side-effects of this behaviour include:

e Live link is tied to a specific LUSAS instance, therefore after restarting LUSAS
even with the same model the link must be reestablished.

e After opening a Grasshopper script, the ‘Live link’ component will have to run
at least once to establish a link even if the same LUSAS instance remained open
between sessions.

Extraction of results presupposes solution in LUSAS. The recommended component
connectivity is Model — Live link — Solve — Results. Even though not mandatory,
the solution component ensures that the results will be based on the current model state.
It is technically possible to get results for a linked model without running a solution if
there are results present in the model.

Beam/Shell slice results

Extracts results for beam/shell slice resultants utilities from a linked LUSAS model.

‘Slice’ accepts input from the output of the ‘Beam/Shell slice resultants’ components
whose results are requested.

‘Loadcase’ and ‘Primary component’ obey the same rules as described in the chapter
for ‘Member results’.

67



LUSAS component reference

The results component checkboxes can be used to specify which components should be
extracted.

As with the ‘Member results’ component, all outputs use the same data tree path
indexing with two paths (barring ‘Table’) in the form {a;b}. These can be broken down
as follows:

e ais the results component index.

e b is the component’s iteration index (refers to the component running multiple
times because of multiple inputs being fed to parameters that expect one, e.g.
‘Loadcase’).

The results output will contain the results for all locations in the same tree index as a
list of numbers.

Inputs Outputs
Linked model — output of the Live link/Solve component Beam/shell slice
results

Slice — output of the Beam/Shell slice resultants component
Loadcase — single line text/output of the Loadcase component

(Primary component) — single line text
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The Beam/Shell slice results component.

Eigenvalue results

L
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Retrieves results from Eigenvalue loadcases in the LUSAS model. The participation
factor outputs might only include the translational components depending on the linked
LUSAS version.

Inputs Outputs

Linked model — output of the Live link/Solve component Eigenvalue results

Loadcase — single line text/output of the Loadcase
component

Its
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The Eigenvalue results component.

Member results

Extracts results for the specified members from a linked LUSAS model.

Inputs

The ‘Members’ input accepts the output of the Point/Line/Surface/Volume member
components. Results will be extracted for all results locations on the specified
members, therefore it is advised to minimise the input members. For example, if a
surface with ‘Averaged nodal’ results is specified, results for all nodes on the surface
will be extracted.

Available results location types:
e Averaged nodal

Element nodal

Internal points

e Gauss points

Inspection location (shows an additional input parameter)
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‘Loadcase’ accepts a loadcase name or the output of the ‘Loadcase’ component. The
loadcase name must match an existing loadcase in the model. For envelopes and smart
combinations, the entire loadcase name including (Min)/(Max) must be provided.

‘Entity’ must match one of the available results entities for the specified loadcase. To
view the available entities for the linked model, the ‘Show components’ button can be
used to show an additional dialog.

‘Components’ must match one or multiple results components available for the
specified entity. Use the helper dialog to view the available components per loadcase
and entity in the linked model.

‘Primary entity/component’ can be specified when results for envelopes and smart
combinations are requested to define the primary component with coincident effects. In
the absence of data, the min/max of each component individually will be assumed.

‘Inspection location’ is used to specify the inspection location when the respective
option is selected in the dropdown menu.

Outputs

All outputs (barring ‘Table’) use the same data tree indexing with 3 distinct paths in the
form {a;b;c}. These can be broken down as follows:

e ais the results component index.
e b is the element-node/member index.

e cis the component’s iteration index (refers to the component running multiple
times because of multiple inputs being fed to parameters that expect one, e.g.
‘Loadcase’).

Using the outputs of all components with the same tree index, it is possible to
understand which ‘Results’ output corresponds to which element-node/member,
loadcase and entity/component. For example, index {0;0;0} in the element/node ids
will contain the element/node id for the results output in {0;0;0}. The same holds for
‘Loadcases’ and ‘Components’ outputs.

Furthermore, the ‘Table’ output produces readable output with all results aiding in
understanding the results outputs further. This output is trimmed at 60000 characters to
avoid issues with Grasshopper’s panel.

Unless proficient with the data tree indexing used, it is highly recommended to use as
few inputs as possible per component to make results filtering easier. For example, as
few members as possible, one loadcase etc. If results for multiple loadcases are
required, it is best to use multiple results components with one loadcase each.
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Results

Inputs Outputs

Linked model — output of the Live link/Solve component Member results

Members — output of the Point/Line/Surface/Volume member
component

Loadcase — single line text/output of the Loadcase component
Entity — single line text

Components — multiple line text

(Primary entity) — single line text

(Primary component) — single line text

(Inspection location) — output of the Inspection location

component
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Ins pection locaion
Show components

The Member results component.

Show components helper dialog

By clicking on the ‘Show components’ button, a dialog opens which connects to a
running instance of LUSAS and queries the available entities and components for all
existing loadcases of the model. This can be used to copy entity and component names
to be used as inputs to the results extraction components.
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LUSAS component reference

I\, \ Entities/companents in example.mdl = X

Select loadcase: Available entities/components:

[#- Displacement

[~ Force/Moment - Thick Shell

[=- Force/Moment - Thick 30 Beam
Fx

[ Post processing - Fy
Copy entity
Copy component
Mz

SED
- Stress (top) - Thick Shell
- Stress (middle) - Thick Shell
- Stress (bottom) - Thick Shell
Stress - Thick Shell
- Stress - Thick 30 Beam
- Strain (element) - Thick 3D Beam
Strain (top) - Thick Shell %
- Strain (middle) - Thick Shell
- Strain (bottom) - Thick Shell
Strain - Thick Shell

0 Copy entity Copycomponent Close

Loaded entities/components for 2L.C2 from the live model (example.mdl).
The Show components helper dialog.

Mesh results

Extracts results for specific elements/nodes from a linked LUSAS model. The
elements/nodes are specified by their id in the model and are therefore subject to
change. Tips to circumvent this limitation:

e Use the “Whole model’ option on the ‘Live link’ component to enforce entire
model updates. As long as the member geometry does not change, the
element/node ids will remain constant.

e Use the ‘Member results’ component instead.

For averaged nodal and element nodal results locations, the element id and node id
inputs must be of the same list length. Each element index will correspond to the same
node index. For internal/gauss results, the node ids are irrelevant.

Read more in the chapter for ‘Member results’.
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Results

Inputs Outputs

Linked model — output of the Live link/Solve component Mesh results
Element ids — multiple numeric >0

Node ids — multiple numeric >0

Loadcase — single line text/output of the Loadcase component

Entity — single line text

Components — multiple line text

(Primary entity) — single line text

(Primary component) — single line text
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Averaged nodal

Show components

The Mesh results component.

Inspection location

«

Creates inspection locations to be used as an input on the ‘Member results’ component
to extract results for specific locations on line/surface/volume members. The input
parameters accept numeric inputs as parametric/actual distances on the member. The
‘Exclude rigid zones’ checkbox can be used for line members.

Inputs Outputs

U/V/W distances — multiple numeric Inspection location
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LUSAS component reference

Inspection locati

Volume

Parametric

The Inspection location component.
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