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1.0 Introduction

This tutorialintroduces the fracture simulation capabilitied FRANC3D Version 74 and
ABAQUS Version 6.4 (earlieror laterversionsof ABAQUS should workalsg. The
FRANC3Dsoftware is introduced bgnalyzing a simple surface craicka cube.

Subsequertutorials (seethe FRANC3D Tutorials#2-10 document)uild on this first example
and describe additional capabilities and features of the software. It is intended that the user
perform the operations as they are presented, but you should feeldsgeetoment, and you

should consult the other reference documentation whenever necessary.

FRANC3D rrenu and dialogputton selectionare indicated by bold text, suchths File menu
Window regionsalong withdialog options, fields and labedseunderlined Model names and

file namesareindicated byitalic text

The FRANC3D main window is shown in Fig 1.When you start theutorial, the first thing to
do is set the working directory using thide andSet Work Directory menu optionFig 11.

After amodelis imported you canset thefinite element model (FEM) unit§ig 1.2 The units
are applied to plots and figures that FRANC3D displaysaaadised during crack growtl.ou
canalso set your preferengespecifically, it is best tget the path to the ABAQUS executable.
You can view the preferences using Bdit andPreferencesmenu option. The Preferences
dialog is described in Section 5.4 of the FRANC3D Referdocement
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2.0 Tutorial 1: Crack Insertion and Growth in a Cube

Thetutorial simulates a surface crack in a cube underfieid tension. It is assumed that the
user is familiar with a prprocessor for ABAQUS; we use ABAQUS CAE. Once the model is
created, the FRANC3Degbs necessary to read the masbert a crack, rebuild the mesh,

perform the ABAQUS analysis, and compute stress intensity factors are all described.



2.1

Step 1: Create theABAQUS FE Model

First, create a cube model using any-precessor for ABAQUS. Here wamply outline the

necessary steps to create the med#i boundary conditions to ensure tlyau have a complete
model that caie usal with FRANC3D.

A w0 NP

o

Create a 1¥010x10 cube geometry; assume units of length are mm.

Subdivide the edges for meshing using 10 to 20 subdivisions.

Define the element type as quadratic elements; use brick or tetrahedral elements.

Define the material properties as 10000 fortheelasbcd ul us and 0. 3 f or
ratio; assume the units for E are MPa.

Mesh the volume.

6. Boundary conditions consist of displacement constrainte®@bottom surface and

uniformtraction (a negative pressure) on the top surfdd® MPa The bottorrsurface
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-thieeztion. Note that you
should use unigue set and surface names when defining boundarjoosndit

Save the model as anp file (Abaqus_Cube.inp

The resulting model should appear as in Fig 2.1. The symbols for the boundary conditions are

displayed attached to tmeodel; the brick mesh is displayed in the lower right corner.



Figure 2.1: ABAQUS cube withboundary conditions; meshed with brick elements.

Note that ABAQUS CAE ussdefault set and surface names such as- S&fTboth the Part and
Instance levels, Fig 2.1b, arftktinstance SET can beboth a node and element set. If
boundary conditions are applied in CAE using the Instance-$Hght side image), FRANC3D
mightapplythe boundary conditions to boftart and Instance SET nodes.

The solution is to nameets and surfaces in CAE with unique names, especially when defining

boundary conditions.
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Figure 2.b: ABAQUS CAE setl at both Part and Instance levels.

2.2 Step 2: Reading ABAQUS FE Modeinto FRANC3D

Start by importing an existing volume elent mesh into FRANC3D. Wesethe
Abaqus_Cube.infile from ABAQUS CAE, which was written in the previous step

You can choose to do either Step 2 or Step 3 (Sect®nve describe bothbut weuseStep 3

for subsequent steps$ this tutorial
Step2.1: Importing CompleteABAQUS FE Model

Start with theFRANC3D graphical user interfacand selecFile andimport , Fig 2.2 In the
dialogshown in Fig 2.3, choogeomplete ModelSwitchtheMesh File Typeadio buttonn the

Select Import Mesh Filerindow, Fig 2.4, to ABAQUS and select the file name for the model,

calledAbaqus_Cube.ing-ig, 2.4. SelectNext.

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

typeradio button if you always use ABAQUS.
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Step 2.2 Select the Retained Items in the FE Model

The nextpanel, Fig 2.5allows you to choose thraesh surface facets that ae¢ained from the
ABAQUS .inpfile. Surfaces with boundary conditions appear as blue, Fig 2.6, and turn red
when selected, Fig 2.7Y¥ou can rotate the model to view all of the surfaces. réi&n the
surfaces wittboundary conditionfop and bottom of the cube) by choos®gject All. The
boundary conditions will be transferradtomaticallyto the new mestvhen acrack is inserted.

SelectFinish to proceed.
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Surface MesihNOT 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. In such a case, the
boundary condition data mappedo the remeshed surface. dractice, transfer of boundary
condition data is simpler and more precise if the surface mesh can be retained, but sometimes
this is not possibldFRANC3D will automatically map the boundary condition data to the new
meshregardless

Step 2.3 Displayingthe FE Model

The models displayed in th&RANC3Dmodeling window Fig 2.8 You can turn on the

surface meshor manipulate thenodelview by rotating, etc Fig 2.8 showstheretainedmneshon

the topsurface (etained bottom surfaageot visible) wherethe boundary conditions are applied

Figure 28: ABAQUS modelimported intoFRANC3Dwith retained facets on top of the cube.
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If you have not set a working directory (using ke - 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 the ABAQIdBfile resides. Quite a large
number of filesarecreated during a crack growth simiida, and it isbestto keep themla

together in a single folder.

Working Directory

The current working directory is:

CiTem

2
Would you like to change itto:

CAbrucelansys\F3D_v7_models\Tutorials\Cube Tutorial 1\Abaqus

Figure 29: Set Working Directory dialog.

2.3 Step 3: Importing and Subdividing the Model

If you chose to do Stepdbove eithe skip this step, or close tmeodel using th&ile - Close

menuoptionbefore starting this step

The ABAQUS model can be split into smaller parts before inserting the crack. Btetand
Import, and choose thienport and divide into global and local modedslio buttonfig 210,

and choos¢éhe Abaqus_Cube.inmodel,Fig 2.11, asbefore Remember to set tidesh File
Typeradio button to ABAQUS.

Select Type of Import

Model Import Type
" Import a complete model.

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

" Import an already divided model.

[ ex

cancel |

Fig 210 Import options
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This time, instead of theetain BC surfacewindow shown in Fig 2.5, thBefine a Local
Submodelindow, Fig 2.12 appearsFigures 2.13 and 2.14 show two of the selection tools.
Selections are made using the options on the left; elements to be retained appear red, and the

selection is confirmed with th@rop button.

For this tutorial, herectangulaRubberband Bois used to create a smaller portion of the ¢ube

Fig 2.15, whichhas an exposed face for crack insertion.
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Figure 2.8 Elementby-Elementcropping by selecting elements to remove.

We are inserting a surface crablat isnormal to the yaxis (loading direction) and located on

the +z surface, and the selectinrfig 2.1 is designed for thisUse theRectangulaoption of

theRubberband Boxo select andCrop a small portion of the model.
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Figure 2.5: Rectangular Bbberband Box toalsed to select a submodel.
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