IFC-Driven Code_Aster
Analyses for Buildings

loannis P. Christovasilis
Lorenzo Riparbelli

'A ProNET Meeting

May 20, 2021
code aster v

ProNet

& ccther
@ | CNCINEERING




Aether Engineering @ ==

 Engineering & Software Company in Florence, IT
e Code Aster usersfromday1(>5 years)

e Structural - Civil and Mechanical Sector
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Aether Engineering @ =i

YouTube channel with Tutorials and How-to Video
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Aether Engineering @ =~

* YouTube channel with Tutorials and How-to Videos

 GitHub repository with all files to run CA

O Search or jump to... Pulls Issues Marketplace Explore

master - Go to file Add file = ¥ Code ~ About

A number of examples for
B Jesusbill update README ... 24 Code_Aster and

Salome_Meca
CompositeShellExample
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IFC-Driven Code Aster
Analyses for Buildings

Need for a data schema that covers the specific

aspects of buildings;
a layer of abstraction above the typical layer of a

finite-element analysis pipeline
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IFC-Driven Code Aster
Analyses for Buildings

Need for a data schema that covers the specific

aspects of buildings;
a layer of abstraction above the typical layer of a

finite-element analysis pipeline

Need for BIM ... Building Information Modelling

Use IFC, the established openBIM ISO standard,
for the description of the building data

openBIM -> vendor-agnostic / libre / collaboration



ndustry Foundation Class - IFC: 2%?
Developed by buildingSMART International (bSl)

Provides a complete set of data models for the
description of building assets in all needed
disciplines of the Architecture, Engineering and
Construction (AEC) Sector

It includes entities specific for Structural
Analysis!!



IFC-Driven Code Aster
Analyses for Buildings

* Present some of the fundamental Open Source
projects related to the IFC format and to the

structural engineering domain
 Blender and the BlenderBIM Add-on
e jfc2ca: IFC-To-Code_ Aster

 adapy: Assembly for Design and Analysis



Structural Workflow with Code Aster

 Traditional FEM Pipeline

RMED FILE

RESULT FILE




Structural Workflow with Code Aster

 Traditional FEM Pipeline

s
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 openBIM Structural Pipeline
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Blender and the BlenderBIM Add-On

Blender
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Blender and the BlenderBIM Add-On

OS software iy R SR R
for CG artists

Scene, Tree view,
CAD components

0000000006000 06 B

Scriptable with
Python

7

Add-ons as “extra’
tools within the
general platform




Blender and the BlenderBIM Add-On
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Blender and the BlenderBIM Add-On

Started in mid 2019

by Dion Moult

A general-purpose
IFC authoring tool

N
_

FC 1/O based on

fcOpenShell
oy Thomas Krijnen

IfcOpenShell




Blender and the BlenderBIM Add-On
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Blender and the BlenderBIM Add-On

IFC Structural Analysis Models

D/n 1 Structural Analysis Models Found

Building Tower

Globalld: OfwURSxIJABOLYIg$jcWRU
Name: Building Tower
Description:

ObjectType:

PredefinedType: LOADING 3D




Blender and the BlenderBIM Add-On

|FC Structural Load Cases

+ Add Structural Load Case
(4, Dead
Globalld: OIQSEsLJrOjwCIDGZ2DPHwe

Name: Dead
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ObjectType
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ActionType: PERMANENT _G
ActionSource: DEAD LOAD G
Coefficient

Purpose:




Blender and the BlenderBIM Add-On

|FC Structural Members
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Blender and the BlenderBIM Add-On
IFC Profiles / Sections

IfcParameterizedProfileDef  «~ IfcRectangleProfileDef
ProfileType: AREA
ProfileName:

XDim

YDim

IfcParameterizedProfileDef v IfcCircleProfileDef
ProfileType: AREA
ProfileName:

Radius




Blender and the BlenderBIM Add-On
IFC Profiles / Sections

IfcParameterizedProfileDef  « IfclShapeProfileDef

ProfileType: AREA

ProfileName:
OverallWidth
OverallDepth
WebThickness
FlangeThickness
FilletRadius
FlangeEdgeRadius

FlangeSlope




Blender and the BlenderBIM Add-On

|FC Structural Connections
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Structural Workflow with Code Aster

e openBIM Structural Pipeline

&

BLENDERBIM
_> ADD-ON

MED FILE

IFC FILE

COMMAND RESULT
FILE FILE

v" 1/O with a Blender
Agnostic Python
Library
ifcopenshell.api

. IfcOpenShell
N
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Structural Workflow with Code Aster

e openBIM Structural Pipeline

MED FILE
' IFC2CA
— COMMAND RESULT

v" 1/O with a Blender

\

_'1

BLENDERBIM
_@, TGNl FILE FILE

v Native handling of
Agnostic Python IFC files
Library

/ o fre e,
ifcopenshell.api Specific editing of

parts of an IFC file
IfcOpenShell within a Usecase



Structural Workflow with Code Aster
e openBIM Structural Pipeline

MED FILE
IFC FILE
COMMAND

BLENDERBIM FILE
_> ADD-ON

IFC2CA

RESULT
FILE

|IFC-To-Code_Aster
= Started in 2020 by loannis Christovasilis

= A static python script for Salome with ;'

a model-specific ifc-json file r
COMMAND
FILE

= A model-specific command file for
Code Aster




IFC-To-Code Aster
Portal 01 Example

OCC scene:1 - viewer:1 ® | VTK scene:l .

D OOPPRABAO LPLPPALPHLIIIOO0IDIO > D PP RPFPAE LPARPARA,LPHIPIOO0S - »




IFC-To-Code Aster
Portal 01 Example

Bld_DISP_Vector Magnitude




IFC-To-Code Aster

Structure_01 Example

VTK scene:3 - viewer:1

3] scene:3 - viewer: 3]
D OPRBAO LPLPRPARAALAHLIIIFIVNOODOIODO OS> P RPARE LLARPALPHLISIFPOODOI® » o




IFC-To-Code Aster

Structure_01 Example
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IFC-To-Code Aster

Grid_of beams Example

Blender
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IFC-To-Code Aster

Grid_of beams Example




IFC-To-Code Aster

Grid_of beams Example
Fixed connections | dz_max = 2.5 mm

-0.0025

Displacement DZ (m)



IFC-To-Code Aster

Grid_of beams Example
Pinned connections | dz_max = 4.0 mm

-0.0040

K

Displacement DZ (m)

-0.0010

0.0000



IFC-To-Code Aster

Grid_of beams Example

Flexible connections | dz_max = 3.0 mm
K., =50 kNm/rad

-

-0.0010 =

:
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D
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IFC-To-Code Aster

Grid_of beams Example
Flexible connections | dz_max = 3.5 mm

K,_ =50 kNm/rad & K= 200 kN/m
J

\/ | ~ 0.0020
__—/

-0.0010

0.0000

Displacement DZ (m)



IFC-To-Code Aster

Grid_of beams Example

Flexible connections | dz max = 3.5 mm
K =50kNm/rad & K = 200 kN/m

r

¢ lfcBoundaryNodeCondition
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Name:

TranslationalStiff... [fcBoolean
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RotationalStifine... [fcBoolean
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IFC-To-Code Aster

Grid_of beams Example

Flexible connections | dz_max = 3.5 mm
K., =50 kNm/rad & K, , = 200 kN/m

u -0.0035
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Structural Workflow with Code Aster

e openBIM Structural Pipeline

MED FILE
IFC FILEH IFC2CA

COMMAND RESULT

BLENDERBIM
_} ADD-ON FILE FILE

Adapy - Assembly for Design and Analysis

 Releasedin 2021 by Kristoffer Andersen

A python package that focuses on interoperability
between IFC and various Finite Element formats



Adapy - Assembly for Design and Analysis

[2]: a = beam exl()

Lo ich'..fc;tp:tnyCa:t;;eve:.;fc']
step file created at "/homeSadauser/temp/MyBeam 2PcIKgkX4HwxZCShbiQPFXIX.stp”
ifec file created at ".. /output/MyCantilever.ifc"

Geom Mesh Reset View Compute w | Mone W

\
Various representations of structural

elements in a unified way [1D, 2D, 3D]
\ %




Lah

Adapy - Assembly for Design and Analysis

Run a FEM analysis using Calculix

The Assembly method to fem creates an analysis directory called "MyCantilever_calculix” inside the scratch directory.

By passing in execute=True calculix and code_aster will automatically start the analysis once the input files are created.

ccx name = "My

= - Y - . _— =
Cantilever calculix™

a.to fem(ccx name, "calculix", overwrite=True, cxXecute=Trune)

Exporcing to "
Created a Calc

calculix" using to_ fem
ulix input deck atc "fhcmefadauserfscratcthyCantilever_calculix"

starting Calculix simulation "MyCantilever calculix™ (on Linux)
Finished Calculix simulation "MyCantilever calculix"

Run a FEM analysis using Code Aster

ca name = "MyCantilewver code aster™
a.to fem(ca name, "code aster", overwrite=True, execute=True)

Exporting to "code aster™ using to fem
creating: MyCantilever code aster

Femoving old £
Created a Code
starting Codel
Finished Codel

>
Commercial and OS solvers in a unified way

\[CalcuIiX, Code Aster, Abaqus, Sesam]

~

J




Adapy - Assembly for Design and Analysis

I

[

from ada.param models.fem models import kbeam exl
from ada.config import Settings

Settings.return experimental fem res after execute = True

a = beam exl(])
res = a.to fem("MyCantilever_ code_aster", "code_astexr", overwrite=True, execute=True)

step file created at "/home/adauser/temp/MyBeam Z9LguckX0HwugqwSkiQPXiX.stp"
Exporting to "code_aster" using to_fem

creating: MyCantilever code_aster

Created a Code Aster input deck at "HﬁcmefadauserfscratchIMyCantilever_ccde_aster"
starting CodelfsterfAnalysis simulation "MyCantilever code_aster" (on Linux)
Finished CodelAsterhnalysis simulation "MyCantilever code aster"

res

Changed field walue to "DISP[S9] - 0.9"

Geom Mesh Reset View Compute ~ || DISP[9]-04 hd

4 .
Docker container

and use with

dupyter Notebook

~

J




OSArch Organisation @

Website - osarch.org

Creating a built environment with
free software, increased

transparency, and a more ethical

approach

OSArch is for the architects, engineers, designers, builders, planners, operators, and you.
Let's change the industry together.

Join the Community ( Visit the Wiki )




Wik1.OSArcH

OSArch navigation

OSArch.org
Home
Discussion
Discusién

Live chat

Featured pages

Software directory
Workflow directory
Get involved

Categories

Featured software

BlenderBIM
FreeCAD
Sverchok
Speckle

Code Aster
Ladybug Tools
OpenFOAM
OpenProject
OpenMAINT

Wiki Navigation

Recent changes
Random page
Help about MediaWiki

Wiki tools

Upload file
Special pages

OSArch Organisation

Wiki - wiki.osarch.org

Search Wiki.OSArch

Home of OSArch

[ Page PDiscussion W

(Redirected from Main Page)

We help create the built environment with free software,

increased transparency, and a more ethical approach.

QEdit O History

On this wiki, we collect and share everything we know about the free technology in our industry. Every page on this website was written by people just

like you.

Get Involved £ e

Interested in OSArch initiatives, and why OSArch is so
important to the design, construction, operation, and
recycling of the built environment? See an introduction
to what OSArch is all about. We are a strong and
growing community.

® Post questions in our Community Forum&

e Meet us at our online Monthly Meetup

o Donate to sustain some of the project we support

o See and add yourself to our list of OSArch supporter

® See past projects using free software and see
Featured images

* See more ways to contribute to OSArch

Explore Free Software ¢t

Did you know there's a growing list of over 100 free
tools to help you do your job? Unlike proprietary
software, free software will never make your digital
work incompatible, obsolete, or force you into
subscriptions. See the AECO Free Software Directory.

Begin your journey:

® Switch to QCAD and LibreCAD for 2D CAD drafting
instead of depending on AutoCAD

e Learn OpenBIM authoring with the BlenderBIM
Add-on

® Learn solid 3D modeling and BIM model creation
with FreeCAD

Use Open Standards &

Open technology and standards helps our digital tools
interoperate and protect you against data expiry. See
what's available at the Open Data Standards Directory.

e Learnabout OpenBIM

® Get sample files of Open Data

e Learn about relevant Standards organizations
e Read Academic Papers and external articles

Learn about Industry Foundation Class (IFC) data
concepts:

e Anintroductionto IFC
e WhatisanIFCclass
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OSArch Organisation

Community - community.osarch.org

O AEC Free Software directory

Y 4 |Announcement ‘ 537Kviews 303 comments ‘ 4ner.'| Most recent by bitacovir - General

’ O Monthly Meetup #14: 8th of May 20:00 UTC

I. .ﬁ

|Ar'|nouncement ‘ 255views 4comments MostrecentbyJanF  General

[J Welcome to the OSArch Community

“’ |Annountement ‘ 37Kviews 173comments Mostrecent by stephen |  General

O New Blender 2.9 = the end of sketchup or BricsCADShape?

252views 22 comments |6 new‘ Mostrecentby JQL  General

O OSArch's initiatives directory

Most recent by duncan  General

18views 2 comments ‘new

O Google Summer of Code students announced!

35views 4 comments ‘new Most recent by duncan  General

O Talk on Topologic: Redefining BIM through Spatial Topology, Information, and Grammars

56K views 4435 comments | 4new| Most recent by jtm2020hyo  General

O Construction Project Planning, and Cost Scheduling (BlenderBIM and CharonlFC)

24Kviews 135 comments | 3new| Most recent by SigmaDimensions  General

O BlenderBIM - Scene organisation

184 views 23 comments |1 new‘ Most recent by theoryshaw  General

L1 Energy Modeling

519 yiews 37 comments |3 new | Most recent by Cyril _Geperal
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OSArch Organisation

Learning - learn.osarch.org

Choose a category below, and start learning from professionals worldwide.

All rights belong to their respective owners. All Trademarks referred to are the property of their respective owners.

GIS

geographic
information
system

OSArch Learning

Find video tutorials on free/libre
software and openBIM workflows.

MAIN MENU

1. Concept design
2. GIS

1 - Concept design
3. Visualisation

4. Geometry scan-process
5. CAD/BIM

5. Mesh Generator

7. Structural Analysis

8. Environmental Analysis
8 - Environmental Analysis

9. Project Management

10. Facility Management

L

" SOFTWARE
D:V_EE’LM‘“T_

n
[

1. Software Development

12. Proprietary software

WIKI SOFTWARE DIRECTORY
9 - Project Management 10 - Fadlity Management 11 - Software Development 12 - Proprietary software




Thank youl!

BlenderBIM: https://blenderbim.org/

IfcOpenShell: https://github.com/IfcOpenShell/IfcOpenShell

adapy: https://github.com/Krande/adapy

OSArch: https://osarch.org/
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https://github.com/Krande/adapy
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