EXPORTGEO-ABAQUS

User Guide
GeoDict release 2024

Published: February 14, 2024

GEODICT

https://doi.org/10.30423/userguide.geodict



© Math2Market GmbH 2024

Citation:

Liping Cheng, Jirgen Becker, Barbara Planas. GeoDict 2024 User
Guide. ExportGeo-Abaqus handbook. Math2Market GmbH, Germany,
doi.org/10.30423/userguide.geodict

All rights reserved. It is not permitted to reproduce the book or
parts thereof in any form by photocopy, microfilm or other methods
or to transfer it into a language suitable for machines, in particular
data processing systems, without the express permission of the
publisher. The same applies to the right of public reproduction.

The handbooks in the User Guide series of Math2Market GmbH can
be obtained from:

Math2Market GmbH
Richard-Wagner-Strasse 1
67655 Kaiserslautern
Germany

Phone: +49 631 205 605 0
Fax: +49 631 205 605 99
Email: info@math2market.de
Web: www.math2market.de



EXPORTGEO SUBMODULES

EXPORTGEOABAQUS

EXPORT STIFFNESS SIMULATION (VOXEL)
Abaqus - Solver Options

CONSTITUENT MATERIALS
SOLVER

|

Example: Export to Abaqus for elasticity computations
EXPORT FIBERS AS BEAM ELEMENTS
RESULTS

O 00 O (ludh W W =



EXPORTGEO SUBMODULES

With ExportGeo, structures from GeoDict can be exported to other formats to make
them available in third-party software.

ExportGeo converts voxelized and analytic data material models through four
submodules:

B Export as CAD (MeshGeo) converts voxelized or analytic structures to popular
surface triangulation and CAD formats like STL, VRML, or Parasolid.

B Export to Fluent (ExportGeoFluent) converts voxelized data to formats for
flow and heat computations with Fluent™. The .jou files are saved as ASCII files
so that, if changes are required, they can be easily opened and edited with a text
editor.

B Export to Abaqus (ExportGeoAbaqus) convert voxelized data to formats for
elasticity computations with Abaqus. The .inp files are saved as ASCII files so
that, if changes are required, they can be opened and edited with a text editor.

Based on the voxel structure, GeoDict also generates an unstructured volume mesh
(.msh file), as needed for Fluent™ and Abaqus.

EXPORTGEOABAQUS

With ExportGeoAbaqus, GeoDict structures are exported to Abaqus.

Access ExportGeoAbaqus by selecting Export — Export to Abaqus
(ExportGeoAbaqus) in the menu bar.

With Export Stiffness Simulation (Voxel), the current voxel structure is exported
and the parameters for simulations to compute the stiffness tensor are automatically
set up for Abaqus. For this, the supported Abaqus versions are Abaqus 6.9 or newer.
Additionally, all necessary simulations for computing the effective stiffness tensor are
defined. This includes simulations for 6 different load cases.

Abaqus elasticity computations are accurate but require high amounts of memory
and are generally highly time-consuming.

The same accurate results can be achieved with the ElastoDict module directly in
GeoDict. Find the details about how to set calculations of Effective Stiffness
(FeelMath-VOX) in the ElastoDict 2024 handbook of this User Guide.

In general, this is the recommended way to proceed if ElastoDict is present in the
GeoDict license. Since the FeelMath solver is optimized for voxel structures, the
computations are faster and more memory efficient and, therefore, ElastoDict can
handle much larger data sets than Abaqus.

With Export Fibers as Beam elements, fibers from a GeoDict structure (e.g.
created with FiberGeo ) are exported as beam elements for Abaqus simulations.
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ExportGeo-Abaqus
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Export Stiffness Simulation (Voxel)

EXPORT STIFFNESS SIMULATION (VOXEL)

After starting ExportGeo-Abaqus by selecting Export —» ExportGeo-Abaqus in the
menu bar, click the Options Edit... button to define the settings for the export to
Abaqus.

ExportGeoAbaqus

Export Stiffness Simulation (Voxel) =
Options Q Edit...

Help @ Record

> Export

After entering all parameters, click Export to export the simulation for Abaqus.

ABAQUS — SOLVER OPTIONS

In the Abaqus - Solver Options dialog, choose a Result File Name (*.gdr)
according to your current project. The result file contains all the information about
the current export. The corresponding result folder contains the input files for Abaqus
and the chosen structure.

The options for ExportGeo-Abaqus are organized under the Constituent Materials
and Solver tabs.

m Abaqgus - Solver Options O X
Result Fle Name (*.gdr) |ExportAbaqus.gdr
Constituent Materials Solver

Open & Edit Material Database

+| | Materil Mechanical Prop.
ID Name Material Law E/ (GPa) v G/ (GPa) a/ (1/K)
00| O Ar. . ilpore < | Isotropic 0 0 - 0 View...
o1 [ soid... | ¢ [ManualL ~ | Tsotropic [200 0.26 |- [1.1e-06 | Edt.. ||+
02 1 |Steel (A36)... |E, Eastic ~ | Isotropic 200 0.26 - 1.1e-05 View...
@B E&l @ g E‘ﬁ Help 0K Cancel
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ExportGeo-Abaqus

CONSTITUENT MATERIALS

The mechanical properties of all materials in the structure are defined in the
corresponding fields under the Constituent Materials tab. Since the goal is the
computation of the effective elastic properties of the structure, only linear elastic
materials are supported here. Materials can either be chosen from the GeoDict

Material Database, or manual materials can be directly defined in the dialog.

The GeoDict Material Database can be edited after selecting Settings — Open & Edit
Material Data Base... in the menu bar. More information is available from the

Material Database handbook of this User Guide.

To define a Manual material, click on the button of the material to open the Material
Selector and choose Solid - Manual. In the next step, enter the Young’s modulus

and the Poisson ratio under the Constituent Materials tab.

ﬂ Abaqus - Solver Options ] X
Resuk File Mame (*.gdr) ExportAbagus.gdr
Constituent Materials Solver
Open & Edit Material Database
+! | Material Mechanical Prop.
ID Name Material Law E/ (GPa) v G/ (GPa) a/ (1/K)
00 © Fluid.. =, Manual L ~ Isotropic |0 0 - 0 Edt...
or MM soid.. | (B Manual L ~ | Isotropic (200 | (0.26 | - 1.1e-05 Edt...
02 [ Steel (A35)-| Click to choose another constituent material.p 0.26 - 1.1e-05 View...
=
®a [0 & B B ! =
Material Type Sohdk Search
Solid Manual Group by | Type -
Information Name Topic a
¥ Fluid
+ Solid
8YSZ Electrochemistry, ...
Aluminum (5083) Metal, Structural...
Aluminum (AA - 1050) Metal, Structural...
Aluminum Metal, Structural...
Aramide (PPTA - Kevlar 29) Fiber, StructuralM...
Aramide (PPTA - Kevlar 49) Fiber, StructuralM...
Aramide (PPTA - Kevlar 965) Fiber, StructuralM...
Aramide (PPTA - Twaron) Fiber, StructuralM...
Brass (CuZn30) Metal
Brass (CuZn5) Metal
Calcire Mineral, OlAndGas
Carbon Fber (DIALEAD - K63712) Fiber, StructuralM...
Carbon Fber (M601B) Fiber, StructuralM...
Carbon Fiber (T300) Fiber, StructuralM...
Carbon Fiber Fiber, StructuralM...
Open & Edit Material Database Cellulose Fiber, Fitration, St... |~
OK Cancel
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Export Stiffness Simulation (Voxel)

SOLVER

The settings for the Abaqus simulation are defined under the Solver tab.

ﬂ Abaqus - Solver Options O X
Resulk File Name (*.gdr) ExportAbaqus.gdr
Constituent Materials Solver
Solver Type Iterative v
Accuracy 1e-06
Abagus Version Abagus 6.9 v
Displacement Ratio 0.005
Periodic ® Dirichlet
Load Cases
Check al Uncheck al
v XX ViYyY v ZZ
v YZ VI XZ v XY
[l:ﬁha E‘L @ g !'g Help OK Cancel

Select the Solver Type for the simulation in Abaqus with the corresponding dropdown
menu. The available options are Direct or Iterative.

If the Iterative solver is selected, choose the corresponding solver Accuracy here.

ExportGeoAbaqus supports Abaqus version 6.9 and higher. If you use an Abaqus
version between 6.9 and 6.11, select Abaqus 6.9. If you use Abaqus version 6.11 or
newer, choose Abaqus 6.11.

The stiffness is calculated based on tensile experiments in six different load directions.
The Displacement Ratio is the applied strain in these experiments. The default value
of 0.005 corresponds to 0.5 % strain.

Either Periodic or Dirichlet boundary conditions can be applied to the load direction.
Dirichlet boundary conditions correspond to the Symmetric boundary condition in
ElastoDict.

Select the Load Cases which are simulated in Abaqus. For every direction, a different
experiment is computed:

B XX, YY, ZZ: tension in X-, Y- and Z-directions
B YZ, XZ, XY: shear in YZ-, XZ and XY-planes.

By default, all six load directions are selected since they are necessary for computing
the stiffness tensor. Therefore, it is recommended to keep the default setting. In the
tangential directions, a zero-strain boundary condition is applied.
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ExportGeo-Abaqus

EXAMPLE: EXPORT TO ABAQUS FOR ELASTICITY COMPUTATIONS

The data of a weave structure with two materials is exported to Abaqus to run
elasticity computations.

Start ExportGeoAbaqus by selecting Export — Export to Abaqus
(ExportGeoAbaqus) in the menu bar and click the Options’ Edit... button to open
the Abaqus - Solver Options dialog and enter the settings to be used by the Abaqus
solver.

ExportGeoAbaqus

Export Stiffness Simulation (Voxel)  ~

£ Edi...
N

Options

Help @® Record

’ Export

ﬂ Abaqus - Solver Options

GEoDICT

Result File Name (*.gdr) |ExportAbaqus.gdr

Constituent Materials Solver

Open & Edit Material Database

+ Material Mechanical Prop.
ID Name Material Law E/(GPa) v G/ (GPa) a/ (1/K)
00 Pore... @ ¢ | Pore - Isotropic 0 0 - 0 View...
0 - Steel (A36)... | & Elastc Isotropic 200 0.26 - 1.1e-05 View...
02 Steel(A36)... | |E, Elastc ~ | Isotropic 200 0.26 - 1.1e-05 View...

01 Material Selector

a
E*\E @ 4 g !’B Material Type Sold Search
Solid Manual Group by Type -
Information Name Topic -
¥ Fluid
* Solid
8YSZ Electrochemistry, ...

Aluminum (5083)

Aluminum (AA - 1050)
Aluminum

Aramide (PPTA - Kevlar 29)
Aramide (PPTA - Kevlar 49)
Aramide (PPTA - Kevlar 965)
Aramide (PPTA - Twaron)

Metal, Structural...
Metal, Structural...
Metal, Structural...
Fiber, StructuralM...
Fiber, StructuralM...
Fiber, StructuralM...
Fiber, StructuralM...

Brass (CuZn30) Metal
Brass (CuZn5) Metal
Calcite Mineral, OilAndGas

Open & Edit Material Database

Carbon Fiher (DIALEAD - K63712)
Carbon Fiber (M60IB)

Carbon Fiber (T300)

Carbon Fiber

Celulose

Fiber, StructuralM...
Fiber, StructuralM...
Fiber, StructuralM...
Fiber, StructuralM...
Fiber, Fitration, St... ~

oK Cancel
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Export Stiffness Simulation (Voxel)

Under the Constituent Materials tab, set the constituent materials for Material
ID 00, Material ID 01, and Material ID 02 to Solid - Manual through the Material
Selector.

Then, enter the shown values of Young’s modulus (E) and Poisson ratio (v) for the
materials with the IDs 00, 01, and 02.

ﬂ Abaqus - Solver Options O X
Result File Name (*.gdr) |[ExportAbaqus.gdr
Constituent Materials Solver

Open & Edit Material Database

+ || Material Mechanical Prop.
ID Name Material Law E/ (GPa) v G/ (GPa) a/ (1/K)
00 Solid... | | B, ¢ |Manual L ~ Isotropic |10 0.4 - 5.5e-05 Edit...
o1 M solid... | |E ! [ManualL ¥ | Isotropic |50 0.45 |- 5e-06 Edt...
02 sold..| | Manual L ~ | Isotropic |10 045 |- |5e-06] | Edi... ||+
El"é @ @ g !’B Help OK Cancel

Under the Solver tab, use the default values for the Iterative solver and click OK to
close the Abaqus - Solver Options dialog and return to the ExportGeoAbaqus
section.

Click Export to export the stiffness experiment for Abaqus.

Besides the structure file, two more files are generated in the result folder: the
Abaqus input file Abaqus.inp and the mesh file Abaqus.msh. Both can be opened
and edited using a text editor.

To run the elasticity computation in Abaqus, run the input file (Abaqus.inp) in
Abaqus.

008! ExpoctAbequIElss ity cdb ¥in Fab 17 0S:45:57 CET 2014
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ExportGeo-Abaqus

EXPORT FIBERS AS BEAM ELEMENTS

With Export Fibers as Beam Elements, fiber objects from GeoDict can be exported
to Abaqus. Click the Options Edit... button to define the settings for the export to
Abaqus. After entering all settings, click Export to export the simulation for Abaqus.

E] Export to Abaqus beam elements | X

R
EODICT

Resul File Name (*.gdr) AbaqusBeamElements.gdr
Options 2 Ed. Unit in file m v

V| Cut Fibers to Domain

ExportGeoAbaqus

Export Fibers as Beam Elements v

Constrain Fiber Segment Length
Minimum Segment Length / (m) |1e-05
Maximum Segment Length / (m) |0.0001
Help @ Record V| Export Fiber Contacts

[ 2 Export

@a @.- @ !1,,. !'EI! Help OK Cancel

In the Export to Abaqus Beam Elements dialog, choose a Result File Name
(*.gdr) according to the current project. The result file contains all information about
the current export. The corresponding result folder contains the input files for Abaqus
and the chosen structure.

To export fibers to Abagqus beam elements, the setting Cut Fibers to Domain is to
limit the fibers to the domain.

In GeoDict, fiber objects can be larger than the domain. This has no effect on GeoDict
simulations, since all GeoDict simulations are limited to the domain. However, fibers
which leave the domain may lead to unexpected results in other simulation software,
such as Abaqus. Therefore, it is recommended to keep Cut Fibers to Domain
enabled.

Unit in file makes it possible to convert the object coordinates into the chosen unit
when writing them into the .inp file. The available length units are m, cm, mm, pm,
nm, and inch.

ﬂ Export to Abaqus beam elements

Result Fle Name (*.gdr) AbaqusBeamElements.gdr
Unit in file m -
v Cut Fibers to Domain cm
mm
v Constrain Fber Segment Length
pm
Minimum Segment Length / (m) | 1e-05 nm
Maximum Segment Length / (m) |0.0001 Inch

v | Export Fiber Contacts

@B E‘l @ g EEli Help OK Cancel

When it is necessary to constrain the maximum and minimum of the fiber segment
length, check the option Constrain Fiber Segment Length, then the settings of
Minimum Segment Length and Maximum Segment Length become editable. The
fiber segment length will be constrained between the two values.
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Export fibers as beam elements

When Export Fiber Contacts is checked, the information of fiber contacts is included
in the result .gdr file and is found in the ResultMap.

Input Map Log Map | Results | Metadata

Report ‘ Map ‘
Key Unit Value
InitialLength m 0.01509553067
ProcessedLength m 0.01509553067
OverlapBefore Voxel|0
OverlapAfter Voxel|0
NumberOfObjects 80
NumberOfContacts 50
TotalContactFaces 13513
MeanCoordinationNumber 1.25
~ Contacts
Objectl 2,2,2,2,55,6,6,8,8,9,11, 11, 12, 12, 13, 15, 17, 17, 21, 23, 24, 26, 26, 28, 28, 28, 29, 30, 31, 3...
Object2 9, 22, 44, 78, 10, 77, 8, 23, 23, 31, 43, 29, 41, 48, 79, 22, 42, 31, 34, 23, 34, 51, 28, 67, 50, 67, 69, 41...
ContactFaces 73, 349, 99, 43, 226, 241, 491, 115, 163, 183, 8, 46, 11, 578, 76, 73, 16, 742, 900, 118, 8§74, 940, 117, ...
|InpFileName AbagusBeams.inp
RESULTS

After exporting the fibers, the result file (*.gdr) is automatically opened in the result
viewer. The *.inp file for Abaqus is saved in the results folder with the same name as
the result file. The results folder can be accessed by right-clicking on the name of the
result file and selecting Open Result Folder on the results file name.

ﬂ Result Viewer

| = open... | File Module mma

.ictProject/ExportGeoAbaqus2024/AbaqusBeamElements.gdr | ExportGeoAbaqus [pa
A Open Result Folder

d Structure

Load Input Parameters

Up Down

Swap Selected

Synchronize Tabs 4 Manage Data N
Export »
Mon Jan 29 2024 (2024 Buid 71474) .../ cheng/Documents/MyGeoDictProjgef/ ExportGeo a gdr
ose

Domain Size: 200 x 200 x 200 Voxel Length: 1 pm |Load Structure|

[ AbagusBeamElements

Share View

Home

T "« ExportGegh AbaqusBeamElements v D 2 Search AbagusBeamElements

|} AbagusBeams.inp |} AbagusBeams_simplified.inp
¢ Structure.gdt

3 items = =

Both *.inp files, AbaqusBeams.inp and AbaqusBeams_simplified.inp, can be
imported into Abaqus for further processing, as seen below in the example for a simple
fiber structure.
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ExportGeo-Abaqus

sembly | Modek > AbaqusBeamElements | Step: [ initil

B8 Co-executions
#X Optimization Processes

The first .inp file has a cross section definition for each fiber. The simplified one shares
the definition for all fibers that have the same cross section, which can make the
import in Abaqus more robust. See below for the difference between the two .inp files.

AbaqusBeams . inp - AbaqusBeans_simplified.inp 1
1338 1330, 1.149696e-84, 1.931483e-04, 1.471163e-04 1338 1330, 1.14969e-04, 1.931483e-04, 1.471163e-04
1339 1331, 1.271168e-84, 1.931483e-04, 1.471163e-04 13391331, 1.271168¢-04, 1.931483e-04, 1.471163e-04
1349 1332, 1.392640e-84, 1.931483e-04, 1.471163e-04 13401332, 1.392640¢-04, 1.931483e-04, 1.471163e-04
1341 1333, 1.514112e-84, 1.931483e-04, 1.471163e-04 13411333, 1.514112-04, 1.931483e-04, 1.471163e-04
1342 1334, 1.635584e-84, 1.931483e-04, 1.471163e-04 13421334, 1.635584e-04, 1.931483e-04, 1.471163e-04
1343 1335, 1.757056e-84, 1.931483e-04, 1.471163e-04 1343 1335, 1.757056e-04, 1.931483e-04, 1.471163e-04
1344 1336, 1.878528e-84, 1.931483e-04, 1.471163¢-04 13441336, 1.878528e-04, 1.931483e-04, 1.471163e-04
1345 1337, 2.000000e-84, 1.931483e-04, 1.471163e-04 13451337, 2.000000e-04, 1.931483e-04, 1.471163e-04
- 1346 ** fiberl +1346 ** fibertypel_elements
~ 1347 *ELEMENT, TYPE=B31, ELSET-FiBERd elements + 1347 *ELEMENT, TYPE=B31, ELSET=fibertypel_elements
13481, 1, 2 13481, 1, 2
13492, 2, 3 13492, 2, 3
13583, 3, 4 13503, 3, 4
13514, 4, 5 13514, 4, 5
13525, 5, 6 13525, 5, 6
13536, 6, 7 13536, 6, 7
13547, 7, 8 13547, 7, 8
135538, 8, 9 13558, 8, 9
13569, 9, 10 13569, 9, 10
1357 10, 18, 11 135710, 10, 11
1358 11, 11, 12 135811, 11, 12
135912, 12, 13 135912, 12, 13
136013, 13, 14 136013, 13, 14
136114, 14, 15 136114, 14, 15
136215, 15, 16 136215, 15, 16
1363 16, 16, 17 136316, 16, 17
~1364 *BEAM SECTION, SECTION=CIRC, ELSET=fiberl elements, MATERIAL=Solid
- 1365 62-06
= 1366 =* END fiberl
-1367
~1368 == fiber2
= 1369 “ELEMENT, TYPE=B31, ELSET=fiber2_elements
137017, 18, 19 136417, 18, 19
137118, 19, 20 136518, 19, 20
137219, 20, 21 1366 19, 20, 21
137320, 21. 22 136720. 21. 22
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