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1.0 Introduction

This set oftutorials introduces the fracture simulatiorcapabilities oFRANC3D Version 73 and

ANSYS Version19 (other versions should workThe FRANC3D softwarés introducedoy

first analyzing asimplesurface crackn a cube. Subsequent tutosiduild on this first example
and describe additional capabiliti@sdfeatures of the software. It is intended that the user

perform the operations as they are presgnbut you should feel free to experiment, and you

should consult the other reference documentation whenever necessary.

In the tutorials, FRANC3D enu and dialodputton selectionare indicated by bold text, such as
theFile menu Window regions along ith dialog options, fields and labels anederlined

Model names and file namaseindicated byitalic text

The FRANC3D main window is shown in Fig 1.1. When you start a tutorial, the first thing to do
is set the working directory using tRéde and Set Work Directory menu option, Fig 1.1. You

can set a different work directory for each tutorial.

After importing a model, you can set the finite element model (FEM) units, Fig 1.2. The units

are applied to plots and figures that FRANC3D displays, and are used during crack growth.

You can also set your preferences; specifically, it is best thes@iath to the NSYS executable
and the ANSYS license typeYou can view the preferences using Hu#t andPreferences
menu option. The Preferences dialog is described in Section 5.4 of the FRANC3D Reference

Manual.
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Figurel.l: FRANC3D main window Set Work Directory menu option
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Figurel.2: FRANC3D Set Units menu option

2.0 Tutorial 1: Crack Insertion and Growth in a Cube

The first tutorial simulates a surface crack in a cube unddiefdrtension It is assumed that
the user is familiawith a preprocessor for ANSYS; we use ANSYS Mechanical APDL. Once
the model is created, the FRANC3D steps necessary to read the mesh, insert a crack, rebuild the
mesh, perform the ANSYS analysis, and compute stress intensity factors are all described
7



2.1 Step 1: Create the ANSYS FE Model

First, create a cube model using any-precessor for ANSYS. Here wa&mply outline the
necessary steps to create the med#i boundary conditions to ensure that we have a complete

model that we can use with FRKE3D.

Create @ 0x10x10 cube geometrgssume units of length are mm.
Subdivide the edges for meshing using 10 to 20 subdivisions.

Define the element typas quadratic elementsse brick or tetrahedral elements.

w0 NP

Define the material properties as 10000the elastic modulusand 0.3fo t he Poi sson

ratio; assume the units for E are MPa.

o

Mesh the volume.
6. Boundary conditions will consist of displacement constraints on the bottom surface and
uniform traction (a negative pressure) on the top sudadé® MPa The bottom surface
is constrained in the-glirection, the bottom left edge is also constrained in the x
direction, and the point at the origin is also constrained in-thigeztion.
7. Save the model as edbfile (Ansys_Cube.cdb When writing thecdbfile, use
Acdwrite, DB, fil e_name, c d brbisassdnoes yoware usingc | u d e
the ANSYS Classic interface, but ANSYS Workbench also allows you to adiitdiles.

The resulting model should appear as in Fig 2.1. The symbols footimelary conditions are

displayed attached to the mesh model.



ELEMENTS

Figure 2.1: ANSYS cube with brick element mesh and boundary conditions.

2.2 Step 2. Reading ANSYS FE Modelinto FRANC3D

Start by importing an existing volume elememésh into FRANC3D We useAnsys_Cube.cdb

which isthe model written in the previous step.

You can choose to do either Step 2 or Step 3 (Sect®nve describe boitbut we use Step 3

for subsequent stejos this tutorial

Step2.1: Importing CompleteANSY SFE Model

Start with theFRANC3D graphical user interfac€jg 2.2, and selecFile andimport . In the
dialogshown in Fig 23, choose€Complete Model Switchthe MeshFile Typeradio buttonn the

Select Import Meslkile window, Fig 2.4, to ANSYS and select the file name for the model,
calledAnsys_Cubecdbhere,Fig, 2.4. ®lectNext.



The mesh file type can be set in the Preferences so that you do not have to change the mesh file

type radio button if you always use ANSYS.

File Edit Cracks Loads
Open... ct-o |
Set Work Directory....
Close
SEVEAS..

Export..

Read Results...
Playback...

CQluit Ct-2

Figure2.2: FRANC3Dgraphical user interface

F o

Select Type of Import

Model Import Type

¥ Import a complete model

Import and divide into global and local models.
(highly recomonded for large and/or complex models)

" Import an already divided model.

Cancel | Back | MNext

Figure 23 Import type
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Select Input Mesh File

Mesh File Type
<\6 ANSYS © ABAQUS © MASTRAN ™ Extra load files
M

@ B ID Ansys j

Directories
[ Temp
@1 Users
21 windows
= DA
= EA
=11 bruce
1 documents
&[] f2d_exe
ol fad_classic_exe
=[] F3D_v7_models
&1 BenchMarks
=] Tutorials
1 Cube Load Cases Tutorial 2
1 Cube Resume Growth Tutori;
=] Cube Tutorial 1
1 Abagus
k=] Ansys
(21 Mastran
1 cubes Glued Tutorial 3
# ] Disk Tutorial 4

#[] extra =
4 | »

File name: IAnsys_Cube.cdb

X | | Files in E\bruce\F30D_v7_models\Tutorials\Cube Tutorial 1\4nsys

File type: |Ansys Files (*.cdb*.CDB) =

Cancel | Back | Mext |

Figure 2.4: Select Input Meskile dialog box

Step 2.2 Select the Retained Items in the FE Model

The nextpanel, Fig. 2.5allows you to choose thaesh surface facetsatareretained from the
ANSYS .cdbfile. Surfaces with boundary conditions appear in blue as shown in Fig 8.6, an
turn red when selecteBlig 2.7. We retain the surfaces witbundary conditiongop and

bottom of thecube)by choosingSelect All. Theboundary conditionaretransferred

automaticallyto the new mestwhenacrack is insertedSelectFinish to proceed
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Figure2.5: SelectRetairedBC Surfaces wizard panel.

Select Retained BC Surfaces
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Read Retained File |
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Display
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Save | Read
B R0
Ll
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Recenter |

Capture

__ Captre_|
Dﬂl"""l@l
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cancel |
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Figure2.6: ANSYS Modelretain BC Surfaces wizard panel.
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f Select Retained BC Surfaces
Select All | Display
UnselectAll | ol mi
¥ Vectors
—— _ W Polygons
L ¥ Text
"; [~ Mesh
""’ (reset) (d)
i
i
"" Save | Read
f L Larfl=]
& | o
View Options |
Recenter |
Show Mode Sets | Capture |
Show Surfaces |
D—Jxl Hl @l
Read Retained File |

Shift-Click to select surfaces cancel | Back |[ Finisn |

Figure2.7: ANSYS Modelretain BC Surfaces wizard panel.

Surface Mesh NOT Retained

The surface mesh facets do not have to be retained, and if a crack will be inserted into a surface
that has boundary conditions, then the surface mesh must not be retained. acasehthe

boundary condition data is mapped to the remeshed surface. In practice, transfer of boundary
condition data is simpler and more precise if the surface mesh can be retained, but sometimes

this is not possible; FRANC3D will automatically maje thoundary condition data to the new

mesh regardless.

Step 2.3 Displaying the FE Model

The models displayed in th&RANC3D modeling window Fig 2.8 You can turn on the
surface meshor manipulate thenodelview by rotating, etc Fig 2.8 showghe etained mesh on

13



the top surface (the retained bottom surface is not shown) where the boundary conditions are

applied

u

%x

Figure 28: ANSYS model imported into FRANC3With retained facets on top of the cube

If you have not set a working directory (using Eike - Set Work Directory menu option),
FRANC3D might present the dialog shown in Figure 2.9 prior to displaying the model. Select
Yesto set the directory to be the folder where tidSXS cdbfile resides. Quite a large

number of filesarecreated during a crack growth simulation, and it is best to keep them all

together in a single folder.

Working Directory

The current working directory is:
Cibrucetansys\F30D_vi_models\Tutorials\Plate Multiple Cracks Tutorial S\Plate Transitions\Abaqus

P
\') Would you like to change it to:

CAbrucelansys\F30_v7_modelsy jals\Cube ial 1\Ansys

No |

Figure 29: Set Working Directory dialog.
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2.3 Step 3importing and Subdividing the Model

If you chose talo Step 2 above, either skip this step, or close the current model uskilg the

Closemenubefore starting this step

The ANSYS model can be split into smaller parts before inserting the crack. Betand
Import, and choose thienport and dividento global and local modetsadio buton, Fig 210,

and chooséhe Ansys_Cube.cdimode] Fig. 2.11, asbefore. Remember to set thidesh File
Typeradio button.

Select Type of Import

Model Import Type
" Import a complete model.

- Import and divide into global and local models.
(highly recomonded for large and/or complex models)

" Import an already divided model.

Cancel | Bac | MNext

Fig 210: Import options

This time, instead of theetain BC surfacewindow in Fig 2.5, thé®efine a Local Submodel

window shown in kj 2.12 appears.Figures 2.8 and 2.1 show two of the selection tools.
Selections are made using the tools; elements to be retained appear red, and the selection is

confirmed with theCrop button.

For this tutorial, the rectangulRubberband Bojs used to create a smaller portion of the cube,

Fig 2.15, which has an exposed face for crack insertion.
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Figure 2.2: Define a Local Sumodel Window
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Figure 2.B: Plane Cutting tool
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Figure 2.8. Elementby-Elementun-selection

We are inserting a surface crack normal to taxig (loading direction) and located on the +z
surface, and the selection in Fig 2i& designed for tis. Use theRectangulaoption of the

Rubberband Boxo select andCrop a small portion of the model.
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Figure 2.5: Rubberband Box selection tool

Once the elements have been selected and cropped NeteciTheSave the Filedialog
appears, Fig 26l Choose the names of the local and global models and their location; we use

the default file names. Selddext.

Figure 2.5: Local/Global model save window
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