
Istituto Nazionale di
Geofisica e Vulcanologia

A   fast-start introduction for geophysicists

Geometry and  
Mesh Generation Toolkit 

Emanuele Casarotti

very



1) CUBIT introduction

2) HOW-TO: subduction zone

3) HOW-TO: volcano

4) HOW-TO: python scripting

5) CAVEAT: geometry engine

SUMMARY



1) CUBIT introduction

2) HOW-TO: subduction zone

3) HOW-TO: volcano

4) HOW-TO: python scripting

5) CAVEAT: geometry engine

SUMMARY

Disclaimer:

I am not employed by S
ANDIA natio

nal lab

I am not part of
 CUBIT dev

eloping team



CUBIT introduction

www.cubit.sandia.gov

2D/3D solid-modeler mesher:
Geometry preparation
Automatic meshing algorithms
Smoothing
Quality analysis
Hexahedra/Tetrahedra

FREE for academic 
(300$ distribution fee for institution, you can share 
with your colleagues inside the institution,fairly )



CUBIT introduction

CAD

CUBIT

MESH

Graphical Interface

Command line

Python API

•!Exodus II 

•!Abaqus 

•!IDEAS-Universal 

•!NASTRAN-BDF 

•!Patran 

•!LS-Dyna 

•!ACIS 

•!STEP 

•!IGES 

•!Pro/E 

•!Facets 

•!STL 

•!Exodus II 

(NETCDF)
(ASCII)

(GOCAD)

(CUBIT, Autocad)

(Rhinoceros)
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CUBIT introduction
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MESHING PROCESS - ORDER!!!!



CUBIT a subduction zone
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CUBIT a subduction zone

create vertex -1300 -1000 0 

create vertex -1300 980 0 

create vertex 1360 980 0 
create vertex 1360 -1000 0 

create curve vertex 1 vertex 2 

create curve vertex 2 vertex 3 

create curve vertex 3 vertex 4 
create curve vertex 4 vertex 1 

create surface curve 1 to 4 

sweep surface 1 vector 0 0 -1 distance 1200 



create vertex    7.1717 -1301.7994    -6 

create vertex  -19.4544 -1271.4112    -6 

create vertex  -43.1423 -1238.7129    -6 
create vertex  -63.2362 -1204.8409    -6 

create vertex  -80.9565 -1167.4718    -6 

create vertex  -94.7731 -1129.5139    -6 

create vertex -105.2395 -1089.4459    -6 

[…] 
create curve spline vertex 137 to 198 delete 

delete vertex all 

CUBIT a subduction zone



create surface skin curve 13 14 15 

delete curve all 

CUBIT a subduction zone



webcut volume 1 sweep surface 7 vector 0 0 1 through_all 

webcut volume 1 sweep surface 7 vector 0 0 -1 through_all 

CUBIT a subduction zone



surface 7 move x 0 y 0 z -15 

webcut volume 4 with sheet extended from surface 7 

delete volume 2 
webcut volume 1  sweep surface 35  vector -1 0 0 through_all  

unite volume 4 7   

unite volume 5 1  

CUBIT a subduction zone



webcut volume 3  with plane zplane offset -10 noimprint nomerge  

webcut volume 3  sweep curve 102  vector .5 0 1 through_all  

unite volume 6 3 
webcut volume 8 with plane zplane offset -30 preview 

webcut volume 8 with plane zplane offset -30 noimprint nomerge  

unite volume 8 9 

CUBIT a subduction zone



color Volume 4 10  red 

color Volume 5  lightblue 

color Volume 8  saddlebrown 
regularize vol all 

Volume 5  rename 'slab' 

CUBIT a subduction zone
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CUBIT a subduction zone

Imprint all 

Merge all 

Body 1 and 2 Body 1  

before imprinting 

Body 1  

after imprinting 
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Vol all size 30 

Mesh vol all 

CUBIT a subduction zone



CUBIT meshing scheme

Mapped Sub-map 

Pave Trimesh 

Surface meshing

Triprimitive



CUBIT meshing scheme

Volume meshing

Map 

Sweep 

Sub-map 

Tetmesh 

Triprimitive



CUBIT a subduction zone
delete mesh volume 10  propagate 

surface 78  scheme pave 

mesh surface 78 
volume 10  scheme Sweep  source surface 78  target surface 80  rotate off 

Mesh vol all 
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CUBIT a subduction zone

quality volume all Shape global list 

quality volume all Shape global high .3 draw mesh list 

list model 



CUBIT a subduction zone
reset vol all 

create group 'curve_or'  

group 'curve_or' add Curve with Y_coord > 970 
group 'curve_or' add Curve with Y_coord < -900 

group 'curve_v' add Curve all except curve in group 2 



CUBIT a subduction zone

vol all size 30 

curve in group 3  interval 55 

curve in group 3  scheme dualbias fraction 0.04  
mesh vol all 

delete mesh vol 10  prop 

surface 80  scheme pave 

volume 10  scheme Sweep  source surface 80  target surface 78  rotate off 

mesh surface 80  
mesh vol all 
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CUBIT a subduction zone

block 1 volume 8 , block 2 volume 10 4, block 3 volume 6 , block 4 volume 5 

nodeset 1 surface 31 34 39 72 80 , nodeset 2 surface 29 78 74 41 36   

nodeset 3 surface 77 75 33 , nodeset 4 surface 42 40 50 , nodeset 5 surface 70 10 , nodeset 6 surface 26 
group "fault" add node in surf 73 79  with y_coord < 295 and with (y_coord + 300 > 0 and x_coord < 127 > 0  ) 

nodeset 7 group 4 

export mesh "subduction.e" overwrite 



CUBIT ITEM

Immersive Topology 
Environment for Meshing

ITEM integrates model building expertise within a 
smart system that will diagnose potential problems 
and visually preview specific solutions that can be 
easily executed. 

Many of the solutions developed in ITEM are exclusive 
to this tool and represent a significant advance is pre-
processing technology for analysis. For example, the 
ability to automatically rebuild the local topology of a 
solid model to simplify the model for analysis, the 
ability to adjust local topology to correct for 
misalignments in assemblies as well as the ability to 
present alternatives for geometry decomposition to 
admit a hexahedral mesh topology......

http://cubit.sandia.gov/help-version11.0/item/item.htm
http://cubit.sandia.gov/help-version11.0/item/item.htm
http://cubit.sandia.gov/help-version11.0/item/item.htm
http://cubit.sandia.gov/help-version11.0/item/item.htm


CUBIT a volcano (Stromboli)

SCIARA

VOLCANOSEA



CUBIT a volcano - 1 

open "geometry_stromboli_600m.sat"

surface 4  size 900
surface 18  size 300
surface 26 size 100
surface 4 18 26  scheme pave
mesh surface 4 18 26
vol all size 100
mesh vol all
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CUBIT a volcano - 1 

open "geometry_stromboli_600m.sat"

surface 4  size 900
surface 18  size 300
surface 26 size 100
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mesh surface 4 18 26
vol all size 100
mesh vol all



open "geometry_stromboli_600m.sat"

surface 4  size 900
surface 18  size 300
surface 26 size 300
surface 4 18 26  scheme pave
mesh surface 4 18 26
vol all size 300

mesh vol all
refine hex in sciara with Z_coord > -2000....
                                    ... except hex in node in (sea volcano)

CUBIT a volcano - 2 



open "geometry_stromboli_600m.sat"

surface 4  size 900
surface 18  size 300
surface 26 size 300
surface 4 18 26  scheme pave
mesh surface 4 18 26
vol all size 300

mesh vol all
refine hex in sciara with Z_coord > -2000....
                                    ... except hex in node in (sea volcano)

CUBIT a volcano - 2 



open "geometry_stromboli_600m.sat"

surface 4  size 900
surface 18  size 300
surface 26 size 300
surface 4 18 26  scheme pave
mesh surface 4 18 26
vol all size 300

mesh vol all
refine hex in sciara with Z_coord > -2000....
                                    ... except hex in node in (sea volcano)

CUBIT a volcano - 2 



open "geometry_stromboli_600m.sat"

surface 4  size 900
surface 18  size 300
surface 26 size 300
surface 4 18 26  scheme pave
mesh surface 4 18 26
vol all size 300

mesh vol all
refine hex in sciara with Z_coord > -2000....
                                    ... except hex in node in (sea volcano)

CUBIT a volcano - 2 



CUBIT a volcano - 3 

open "geometry_stromboli_600m.sat"

webcut volume all with plane zplane....
            .... offset -2000 noimprint nomerge 
imprint volume all 
merge volume all
surface 4  size 900
surface 18 26  size 900
surface 4 18 26  scheme pave
mesh surface 4 18 26 
volume all size 900
mesh vol all



CUBIT a volcano - 3 

open "geometry_stromboli_600m.sat"

webcut volume all with plane zplane....
            .... offset -2000 noimprint nomerge 
imprint volume all 
merge volume all
surface 4  size 900
surface 18 26  size 900
surface 4 18 26  scheme pave
mesh surface 4 18 26 
volume all size 900
mesh vol all



CUBIT a volcano - 3 

open "geometry_stromboli_600m.sat"

webcut volume all with plane zplane....
            .... offset -2000 noimprint nomerge 
imprint volume all 
merge volume all
surface 4  size 900
surface 18 26  size 900
surface 4 18 26  scheme pave
mesh surface 4 18 26 
volume all size 900
mesh vol all



CUBIT a volcano - 3 

open "geometry_stromboli_600m.sat"

webcut volume all with plane zplane....
            .... offset -2000 noimprint nomerge 
imprint volume all 
merge volume all
surface 4  size 900
surface 18 26  size 900
surface 4 18 26  scheme pave
mesh surface 4 18 26 
volume all size 900
mesh vol all



CUBIT a volcano - 3 

refine hex in volcano sciara volcano@A sciara@A



CUBIT a volcano - 3 

refine hex in sciara

refine hex in volcano sciara volcano@A sciara@A



CUBIT and Python

CUBIT:   } is a command-line driven code 
     “create brick x 10” 

   “mesh volume all” 

  } is accessed via CUBIT Interface 

  } is loaded as a component into Claro (GUI) 

CUBIT Interface:  } is accessible via Python inside Claro 

  

We can use Python and CUBIT to mesh a volume 



CUBIT and Python

Journal Editor (Python) 

{  } 

Script Tab (Python Interpreter) 

{  } 



CUBIT and Python

Examples: 

Query:   

 cubit.get_last_id("vertex") 

Executive:   

              command = 'create vertex '+ str(x)+' '+ str(y)+' '+ str(z) 

       cubit.cmd(command) 



CUBIT+Python: building a topography

1) Stromboli.txt (40 m topography)

2) create_topography.py



CUBIT+Python: building a topography

{1} create spline from topography points 



CUBIT+Python: building a topography

{2} create surface net u-v curve 



ACIS: 
Nurbs

CUBIT: the geometry engines

Main engine
All the features of CUBIT are available

(cleanup tool, imprinting, decomposition geometry)
Perfect for mechanical object (CAD...)
Heavy usage of memory
ACIS/Nurbs are not common in geoframeworks  

(Rhynoceros)
Best option for us: creating the geometry in CUBIT

CUBIT FILE: geometry layer + meshing layer

FACET 
Triangulate
surfaces

secondary engine
NOT all the features of CUBIT are available

(cleanup tool, imprinting, decomposition geometry are in 
developing mode)

Perfect for GOCAD (see ts2fac.py)
Much less usage of memory
Triangulate surfaces are everywhere in geophysics  
Best option for us: creating and decomposing the 
model not in CUBIT 



CUBIT: the geometry engines

VIRTUAL: 
intermediate
layer

cleanup the model and prepare it for meshing
ex. composite
mainly only with ACIS geometry engine

CUBIT FILE: geometry layer + meshing layer



CUBIT: FACET -> ACIS?

I have a facet file from GOCAD and it’s a 4 side surface (MAP)

import facets "cfma_sa_cholame_extrapolated_complete.facet" feature_angle 115.00 linear merge
surface 1  size 5000
mesh surf 1 
surface 1  scheme Map
mesh surf 1 
create acis from surf 1
del surf 1



FACET
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surface 1  size 5000
mesh surf 1 
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CUBIT: FACET -> ACIS?

I have a facet file from GOCAD and it’s a 4 side surface (MAP)
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CUBIT: FACET -> ACIS?

I have a facet file from GOCAD and it’s a 4 side surface (MAP)

ACIS

import facets "cfma_sa_cholame_extrapolated_complete.facet" feature_angle 115.00 linear merge
surface 1  size 5000
mesh surf 1 
surface 1  scheme Map
mesh surf 1 
create acis from surf 1
del surf 1



Thanks!!!
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Numb. Elem. : ~6.200.000 - 256 processors - ~300 s wall clock
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