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GeoXPM INTERFACE — TOOLBAR, MENU AND DIALOGS
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Export output to Paraview compatible format

Run simulation

Generate particles
Meshing order

Autofit simulation domain

Execution parameters
Materials (constitutive models)
Import external 3D object (terrain)
Add a fillbox (material inlet)
Open projects
Save projects

New project

GeoXPM Toolbar
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Mew Project 4
Save Project '*
Open Project
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Soil column collapse

Project Name: Material Properties

5PH Setting

Praoject Description:

Sail column collapse simulation . . .
" Autofit simulation domain

B owd™
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Gravity (m/s9): |-2.81 | % Generate particles
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Export to VTU
OK
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New project dialog GeoXPM Menu

Open results in Paraview if available
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Interaction kernel:
Approximation algorithm:
Particle distance (m):

Critical timestep factor {CFL):
Time out data (jter):
Adaptive simulation domain:
Load initial stress:

Artificial stress
Enabled:

Eps; coefficient:
Particle shifting
Enabled:
Detection algorithm:
Free surface threshold{<=1):
Diffusion coeffident:
Artificial viscosity
Alpha coefficent:
Beta coeffident:
Eta. coeffident:
Autostop: (For plastic Stage)
Enabled:

MNormalized velocity(v/dp) lower bound:
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Meshing order dialog

» Materials configuration

Materials

New Material ~

Drucker_Prager
Drucker_Prager Softening
Modified Cam-Clay

Rheology model
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Materizl Properties

x

Model: Drucker-Prager Softening
Young Modulus (N/m2):
Poisson Ratio:

Friction Angle:
Dilatancy Angle:
Cohesion (M/m2):
Coefficient a:
Coefficient b:

Unit Weight (kg/m3):

OK Cancel

~ Material configuration

Select a material: |Drucker_Prager Softening

Model: Drucker-Prager Softening
Unit weight: 1300

Young Modulus: 5000000.0
Poisson Ratio: 0.3

Friction Angle: 22

Dilatancy Angle: 0

Cohesion: 0

Coefficient a: 0.9

Coefficient b: 20.0

Cancel

Object Id: ©

OK

X

Execution parameters dialog

Material dialogs
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Application
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Attachment
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¥ Placement
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Angle 0.00°
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Geometry Data tab

GeoXPM INTERFACE — OBJECT PROPERTIES AND STAGES

Combo Yiew

Model Tasks Stages
Labels & Attributes Description G
Application
v @ GeoXPM
@ Simulation Domain
i EBot
M Left
BB Front
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Property Yalue
Type of object Boundary ~
Meshing mode Face
Faces configuration Configure
Ivlaterial Aszign
Boundary type Free-slip ~
Autofill [] Enabled
Object ID E :
= from Simulation
View Data Geo¥PM

SPH simulation object tab

Ticked objects will be included in stage

Object type: Soil, boundary.

Meshing modes: Full, solid, face, wire.
Faces mode configuration.

Assign material (model) to a Soil object
Boundary type: non-slip, free-sip

Fill the imported object with particles.
Object(s) ID

Combo Yiew
Model Tasks| Stages
Add Stage Remove Last Stage
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Boundary type

Free-slip
Free-slip
Free-slip
Ma-slip
5000
Elastic

Elastic loading
0.02

Boundary type

{

Stages construction tab




WORKFLOW

1. CREATE A PROJECT.

2. CREATE INITIAL GEOMETRY: 3 available approaches.
* Primitive predefined objects: Cube, cylinder, sphere, cone ...
e Sketch: Drawing complex parametric objects.
* External Import (solids/meshes).

3. INPUT

OBJECTS IN SIMULATIONS AND PROPERTIES.
DEFINE CONSTRUCTION STAGES: elastic/plastic loading, activated objects, number of time steps.
DEFINE MIESHING ORDER.
MESH OBJECTS — GENERATE PARTICLES FOR CALCULATIONS.

© o N O

CALCULATE
10. VISUALIZE RESULTS: data extraction, data mining



WORKFLOW - 1. CREATE A PROJECT
L E———

1. Use “New” tool to create a new project.
2. Enter the project’s name, descriptions and basic constants.

=0 GeokPM - FreeCAD - Excavation3D
File Edit View Toolz Macro  Part  Measure Windows Help  GeoXPM
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Mew
'— From FreeCAD Document

i»t Project and constant definition

Project Name: Soil column collapse

Project Description:

Soil column collapse simulation

Gravity (mys9): |-9.81 |

Fluid reference density (kgfm?*"- |1[JDD |

oK

New project dialog



WORKFLOW - 2. CREATE INITIAL GEOMETRY

1. Use “Solids” toolbar and “Data” tab to draw soil/boundary geometries
2. Use “Autofit” tool to fit the simulation domain (objects outside of this domain will not be considered in simulations)
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Angle 0.00
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¥ 0.00 mm
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View Data GeoXPM




WORKFLOW - 3. INPUT EXECUTION PARAMETERS
T ——

1. Use “Execution parameters” tool to input required parameters
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“Execution parameters” tool

~ Execution parameters

Interaction kernel:

Approximation algorithm:

Cubic spline w

Type i oifpi+oifp2 ~

Partide distance {m): |El. 1
Critical timestep factor (CFL): |EI.2
Time out data (iter): |2DEI.EI
Adaptive simulation domain:
Load initial stress: O Browse
Artificial stress
Enabled:
Eps coefficient; |E|.5
Partide shifting
Enabled:
Detection algarithm: Kernel gradient w
Free surface threshold{<=1): |EI.8
Diffusion coefficent: |2.El
Artificial viscosity
Alpha coefficient: |EI. 1
Beta coefficent: |D
Eta. coeffident: |E|, 1
Autostop: (For plastic Stage)
Enabled:
Normalized velocity(v/dp) lower bound: |EI.EIDEII
OK Cancel

Execution parameters dialog

Kernel functions: Cubic spline, Gauss, Wendland C2
Approximation algorithm:
* Type 1: guarantees vanishing gradient for a
constant field function.
* Type 2: pairwise-symmetry algorithm

If enabled, The simulation domain expands with the soil
domain and is limited by the “Simulation domain” object

Artificial stress for tensile instability treatment

Shifting criteria based on: Kernel/ Kernel gradient
Threshold for free-surface detection

Artificial viscosity for damping system’s fluctuations.
Recommended Alpha = 0.1 for 2D and 1.0 for 3D

Autostop condition for plastic stages. If the fastest particle
has a normalized velocity lower than the set lower bound.
The stage is completed.



WORKFLOW - 4. CREATE MATERIAL

1. Click the Material Property button, and define the material properties using your desired constitutive model.

> GeoXPM - FreeCAD - Excavation3D
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‘20 Materials configuration 7 ®

Materials Material Properties

New Material + Madel: Drucker-Prager Softening

Young Madulus (N/m2):

Drucker_Prager

Poisson Ratio:
Drucker_Prager Softening

Modified Cam-Clay
Dilatancy Angle:

Ch||Cp|| O P

Rheology model

Cohesion (W/m2) Select a material: |Drucker_Prager Softening Chject Id: 0

Coefficient a:

Friction Angle: = Material configuration [ >

Model: Drucker-Prager Softening
Coefficient b: 200 Unit weight: 1300

. - Young Modulus: 5000000.0
Unit Weight (kg/m3): po'mg n Ratio: 0.3

Friction Angle: 22
Dilatancy Angle: 0

Coefficient a: 0.2

Linear Elasticity Coefficient b: 20.0

Elastic-perfectly plasticity (DP}

Softening plasticity (DP)

Modified Cam-Clay

pil) Rheology

u(l) Elastoplasticity(Premium version)
User-defined constitutive model(Premium wersion)

Deviatoric hardening plasticity (Premium version)

CASM plasticity (Premium version)

Bingham-DP Rheology (Premium version) Close OK

MorSand plasticity (Premium version)

SANISAND plasticity (Premium version)

Material dialogs



WORKFLOW - 5. INCLUD OBIJECTS IN SIMULATIONS AND ASSIGN MATERIAL PROPERTIES
T

1. Choose the object you want to add to the simulation in the “Object Tree” and press “Add to Simulation” in “GeoXPM” tab.
2. Select “Type of object”, and the “Meshing mode” in the “GeoXPM” tab.
3. Choose/Assign appropriate parameters depending on the selected type of object.

Combo View n Cornbo View n

Model  Tasks  Stages Model | Tasks — Stages

Labels & Attributes Description A | | Labels & Attributes Description 2
v |@ GeoXPM Application
- Simulation Demain 1 v @ GeoXPM
censitive BB sSimulation Domain
@ Eoundary ¥ B SensitiveClay v
Property Value
pery 4 = Material configuration ? *
Type of object So
Meshing mode Fu 5 Select a material: | SensitiveClay 7 Cbject Id: 0
Faces configuration Configure
. 6 Modek: Drucker-Prager Softening
Material Assign Unit weight: 2150.0
ey T Young Modulus: 25000000.0
Boundary type Mo-slip Poisson Ratio: 0. 485
Autofill [ Enabled Friction Angle: 0.0

. Dilatancy Angle: 0.0
Object ID [ Cohesion: 250000

! Coefficient a: 0,95
Coefficient b: 20.0

4k

Remove from Simulation

e

View Data GeakPM 2 View Data GeoXPM
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WORKFLOW - 6. DEFINE CONSTRUCTION STAGES

Go to “Stage” tab and Add or remove the required stages.

Input the number of time steps to run for each stage by double-clicking the number next to “Time of simulation”.
Define the type of calculation for the stage, either Elastic or Plastic.

If the first stage (Stage 0) is Elastic, 2 methods of stress initialization will be available: KO or Elastic loading.

Tick or untick an object to activate or deactivate that object in each stage.

Boundary type can also be changed for initial Free-slip boundaries if necessary.

Combo View 1 n

Model Tasks

Add Stage Remove Last Stage

v STAGE D ~
hd Activated objects Boundary type

Embankment
Excavatell
ExcavateD1F
Excavatel2
Excavatel3
Excavatedd
Excavateld
Excavateld
Excavatel7

Left Free-slip ~
Back Free-slip w 6
Front Free-slip ~
Bot Mo-shp ~
Tirne of simulation: 5000 2
* Type of calculation: Elastic e I 3
~ Stress initialization methody | Elastic loading I 4
Darnping: 0.02
Reset displacements to 0
v STAGE 1
v [m] jvated objects Boundary type

Embankment

[JMExcavated1F
Excavatel?




WORKFLOW - 7. DEFINE MESHING ORDER

1. Click the meshing order button, and change the meshing sequence for the included objects in step 5. Note that
the lower object will overwrite the upper one if there are overlaps.
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Meshing order dialog



WORKFLOW - 8. GENERATE PARTICLES FOR CALCULATION
T ———

Before meshing, click the “Save” button to save the project as 2D or 3D based on your need.

Click the “Autofit simulation domain” if needed to fit all simulated objects in the Simulation domain.
Click the “Generate particles” button to mesh the computational domain.

After meshing, click “Open with Paraview” to view the particle configuration.
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~ GeoXPM - FreeCAD - Excavation3D
File Edit VYiew Tools Macre Part  Measure Windows Help  GeoXPM
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3D/2D Switching

Save case as 2D: |
Cutting section ¥ (mm): 0.0

Save Cancel

R¥ Generate particles ? *

31761 particles was generated.

Open with Paraview OK




WORKFLOW - 9. CALCULATE

1. Click the Calculation button to start the calculations.

» GeoXPM - FreeCAD - Excavation3D

File Edit View Tools Macro Part Measure Windows Help  GeoXPM
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Simulation Data

Case name: GranularFlow?2D
Total number of particles: 5750
Estimated time to complete simulation: 0:01:51.995787

Details Cancel Simulation

T F7657 ~
***= Particles with no interactions: 2496
5= The time step is: 2.696028325619531E-005

current number of time step = 35600 current time= 0,2597362

=» Statistics: interactions per particle:

=== Total number of activated particles: 11144
=% Darticle: 1 maximal interactions: 20
RS Particle: 4704 minimal interactions: 0
TEEE Average @ 20.89844

#===% Total pairs ¢ 47638

##=== particles with no interactions: 245

#=#%% The time step is: 2.696028825619531E-005




WORKFLOW - 10. VISUALIZE RESULTS

1. You can click on the tool “Export output data to VTU format” to start exporting data to Paraview any

time during the simulation or after completion.

When the export is done, click “OK” to open Paraview with already imported results. All the data can

be customized and visualized from here. To reopen the exported data without re-exporting, use the

“Open outputs in Paraview” button. 1
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MW ParaView 5.11.0-RC1

B G2k 3 sesionfeans ~

Export to VTU finished successfully. Open in Paraview &
Pipeline Browser OF | Mliayout=1® | +
[ buittin: = = = = v S @ e
: PRE»@ EEE AT
=@ Boundaries
Concel
@ | L@sols

Export finished dialog r

File Edit View Sources Filters Extractors Tools Catalyst Macros Help
P Export finished X BERETY DB wa FhF KAIDPDMHE s - [mhees @ 8 0, 0,0,
onts X OWad L BLBEACD

Note that if you export a second time, without ™

re-meshing, a dialog will appear asking if you ST

want to overwrite previous exports. Click “No” if . 2

7.4e08 0.1 b
you want to continue exporting new data only. ——
ﬁ’ Export to VTU x : 42606 o‘o\gelocwo"\fqgmg.’les 21601
Time Arr ‘
| Do you want ta delete old files. Press No to export new files anly RE;:::(::::"m"dmm’" 2w
Yes e ae Ty T

Enable Freehand Draing Of Opacity Transfer Function
0= Use Log S

Enable Op:

[ ®| & »Renderview

ihen Mapping Data To Colors.

Edit 2D Transfer Function
Data Histogram

Color FindData
Material Editor ®
Checker_Apha +=|[eA]e®
Material Type: obj Attach
v &, Name Value *)-
7.4e08 02 50e-01| mard heck oy
e wl=

WHITELOTUS: 14.1 GiB/31.8 GiB 44.3%
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