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Tutorial Document for Fracture Analysis with FCPAS
Introduction

In this tutorial, some basic linear elastic fracture mechanics examples are included that
demonstrate usage of FCPAS (Fracture and Crack Propagation Analysis System) to solve three-
dimensional fracture problems. The generation of models, meshing and application of boundary
conditions and loads are done using the commercially available finite element software, ANSYS™,
Then, a converter program is used to convert the finite element model information, boundary
conditions and loads data from ANSYS™ [1] format into FCPAS format. Finally, FCPAS Solver is run
to solve the crack problem and determine the stress intensity factors for the problem of interest.
The following chart shows the general algorithm and file structure of process (Figure T.1).
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Figure T.1 General flow of the analysis process.
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detail. The problems included in this tutorial are:
1. Two-dimensional mode-I central crack in a large isotropic medium,
2. Mode-I crack in a Compact Tension, C(T) test specimen,
3. Mode-I central crack in a finite-thickness plate.
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/ The steps from ANSYS™ model generation to solving the crack problem in FRAC3D are explained in \
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Figure T.2 General algorithm of FCPAS

FCPAS’s GUI (Graphical User Interface) allows the user to follows the process in Figure T.3 in an
orderly and user-friendly manner. This is the first version of the software and currently linear
fracture analysis is available.

/
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version 1.0

ESj cracked Model Developed using ANSYS

ESj crack Insertion and Fracture Analysis

ES) cracked Model Developed using ANSYS . ¢ you click this button, you can work with
Cracked Model Developed with ANSYS.

ESj crack insertion and Fracture Analysis | f you click this button, you can work with
Crack Insertion and Fracture Analysis.
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/ i FCPAS 1.0-1)Cracked Model Devoloped using ANSYS = \

File Help

NSYS (TH) |GEO File | RUN File | Fracture Analysis i)ﬁacture Info | Post Processing | Visualization |_

GUI has tabbed interface, so it gives step by step. ~Control Panel

Control Panel.

OnéEANSYS; exeeatablefile sbrovised and the path is included below,

ANSYS would be runned using ""Run ANSYS'" butten eafsily. Change Working Directory
Browse || ﬁ
Once ANSYS, executable file is browsed and the patirisineterdbd below,

ANSYS Product Launcher would be runned using ""Run Product P
auncher' button easlly. Geo File
RUN File

‘warking Directory Proj eCt fOIder iS Shown Fr:c:ta:rj?nfn

| Pest Processing

Visualisation

Fers v @PAS folder on your computer is shown.
T = -p

“Attal-instantaneose folder during run time is shown.

To go to the ""Geo File Tab™.

Figure T.3. FCPAS graphical user interface

When you click first button, the above form comes up.

EXAMPLE.1. Two-Dimensional Mode-I Central Crack in a Large Isotropic Plate
T.1.1. Problem Description

Consider the infinite domain in Figure T.4a containing a central crack and subjected to uniform
tensile pressure loading perpendicular to the crack plane. We can model this problem as a plate in
tension with a central crack as shown in Figure T.4b. Due to symmetry in the problem; only a
qguarter model is analyzed as shown in Figure T.4c. The plate is made of steel with Young's modulus
E =200 GPa and Poisson's ratio v=0.33. Let width to be 2w = 20 m, height is 2h=20m, a=1m and
o0v= 1 Pa. The objective is to compute the mode-I stress intensity factor (SIF).
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Figure T.4 Through-thickness crack in a large plate.

Note that for this problem, analytical solution is given by;

K= 1.77 Pa vm.
T.1.2 Assumptions

e Linear elastic fracture mechanics (LEFM).
e Plane strain problem.

gZZ :O:%:
0z
£, (X,y)=0

In the ANSYS™ tab of the FCPAS, we browse “"C:\Program Files\ANSYS
Inc\v120\ansys\bin\intel\launcher120.exe”.

The above directory location may change depending on the version of Ansys being used.

K, =o,4ma, where op = Stress (1 Pa), a: Half of crack length (1 meter). Use of this solution yields
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/ i FCPAS 1.0-1)Cracked Model Devoloped using ANSYS (=) \
File Help
ANSYS (TM) ]GEO File ] RUN File ] Fracture Analysis ] Fracture Info ] Post Processing ] Visualization
1- Firet wo hroweed ANSVC TR eveertitable file with ite nf\rﬂrneters
L 1oL, VW JTUVWOCU MINJO T O T1VE TATLULAMVIT TTIT VWILIT TLo Pal al .
ﬂl |C:"-.Prng|am Files"ANSYS Inc'w120"ansys bininte/auncher120.exe
- ‘Change Working Directory
2-Torun, pressit. [__rowss |
Browse | |
Run Preduct Launcher |
Al 4+ 4+ ANICVC TAAF H At | Ih ANSYS(TM)
AISO, WE ITIdy WdallTt tO TUIT AINS Y S TIVITTUTTT IS product iauriclicer. ——
eo File
RUM File
Frac 3D
‘wlorking Directory Fracture Info
Post Processing
Visualisation
FCPAS Software Path

Figure T.5 ANSYS™ tab of FCPAS.

T.1.3 Generation of the Finite Element Model within ANSYS™

We will model this problem as a two-dimensional model plane strain model by taking into account
the symmetries in horizontal and vertical directions. Also, in the out-of-plane direction, we will use
one layer three-dimensional elements. To do this, we will first mesh the back face of the domain
with area (2D) elements and extrude the mesh into the third direction. To do this, we will use
PLANES82 and SOLID95 elements from the ANSYS™ element library. Note that ANSYS™ Help is very
useful tool to identify and select the suitable elements for the problem of interest.

Preprocessing
Change Directory

Before starting modeling, create a folder in which you would like to perform analyses & change
directory to this folder.
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mANS‘rS Academic Teaching Adyanc

Eile Select List Flot Plot

Clear & Start Mew .
_hange Jobname ..

Fesume Jobname db
Fesume from ..

Give the Job a Name
Utility Menu>File>Change Jobname ...
Enter a name, for example "CC3', and click on OK.

Tiarsts Academic Teaching Advan
File Select List Plot Plc  [FILMAM]Enker new jobname |‘,:c3 |
. Clear & Start Mew Mew log and error files? [~ Ha
Change Directony ... oK | Cancel | Help |
Change Title ..

Define Element Type

Main Menu>Preprocessor>Element Type>Add/Edit/Delete

This brings up the 'Element Types' window. Click on the Add... button. The 'Library of Element
Types' window appears. Highlight Plane 82 "Plane-8node 82' and solid95 "Solid-20node 95'. Click on
OK or in command line, use (ET,1,82)1, (ET,2,95).

ﬂ ANSYS Academic Teaching Advanced Ukility Menu (CC3)

S aucCtrls  Help

Eile Select List ANSYS Command Line

Dz =8|z 2| & 7

Define Material Properties

Main Menu>Preprocessor>Material Props>Material Models

On the right side of the 'Define Material Model Behavior' window that opens, double click on
“Structural', then "Linear', then “Elastic', finally “Isotropic'. Enter in values for the Young's modulus
(EX = 200E9) and Poisson's ratio (PRXY = 0.33) of the plate material.

! PLANES2 element provides us both “plane strain or stress” options.
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AMNSYS Toolbar Define Material Model Behavior M=
Material Edit  Fawvorite Help
SAVE DBl RESUM L
— — | Material Models Defined ~ Material Models Available
AMNSYS Main Menu oWy iaterial Model Number 1 =l Favorites =
Preferences 7 Structural
Preprocessor B Linear
Element Type b3 Elast
Real Constants ¢ [Hd

= Material Props
Material Library
Temperature Uni
Electromag Unit:
Convert ALPx
Change Mat Nun
Failure Criteria m
Write to File
Read from File __
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling f Ceqgn

mLinear Isotropic Propetties for Material N\umber 1

Linear Isotropic Material Properties for Material Numkber 1

& Orthotropic
@ Anisotropic

T1
Temperatures [0
EX 200e9
PRXY

Add Temperature | Delets Temperature |

Graph |

FLOTRAN Set Up ok | cwes | nep |
Define Keypoints
Main Menu>Preprocessor>Modeling>Create>Keypoints>In Active CS
We are going to create 5 keypoints given in the following table:
Keypoints | X[m] | Y[m] Z[m]
1 0 0 0
2 10 0 0
3 10 10 0
4 1 10 0
5 0 10 0
[K] Create Keypoints in Active Coordinate System
NPT  Kewpoink number
®,¥,Z Location in active CS | 0 | | 0

QK |

|E |

Apply | Cancel |

Help |

Define Line Segments

Main Menu>Preprocessor>Modeling>Create>Lines>Lines>Straight Line

This is required to create the models boundary lines, successively like first 1 to 2, 2-3 and finally 5to

1.

~

/
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/" AnsvS Mainmeny =\
| Preprocessor & pick  Unpick z I\NS Y .
Element Type .

Real Constants & Single  Box ' Honcommercial Use Only
Material Props ) Bolyaon () pirele ML 2 zons
Sections " Loop 1e:18: 24
B Modeling
B Create Bome = O
Keypoints Maximum = Z .
= Lines Minimum = 2
B Lines KeyP Ho. = +
7
Aln Active Coor List of Itens +
A Overlaid oNAr  win max, Ine
A Tangent to Lin
ATanto 2 Lines | :

A Normal to Line
A Normto 2 Line
2 At angle to line ok | apeiy |
2 Angle to 2 Ling

Arcs Reset | Cancel | T
Splines Dok Alll Help | LX
# Line Fillet

Create the Area
Main Menu>Preprocessor>Modeling>Create>Areas>Arbitrary>By Lines
Pick all lines (Click OK in the picking window.
ANSYS Main Menu @|

.- § ]
Preprocessor 2l ~ ﬁ
Element Type . s . -
Real Constants O mist Compier || Honcommercial Use Only
Material Props | ML 3 2008
Sections (¥ gingle (" Box | 2158 2155 710
= Modelir‘lg ) Dolygon () pirele |
B Create e |
Keypoints |
Lines Boem = &2 P
=] Areas Marximam = 15 : +
= Arbitrary temdmem = & |
A Through KPs Ribog o = U4 | +
2 QOverlaid on Area |
F {* List of Items |5
A By Skinning . Min, Max, Inc |
2 By Offset |
Rectangle Il |
Circle |
Polygon |
& Area Fillet oK | Apply | L
VOIumes Rasat | Cancel | S
MNodes
Elements ik .ull Help |

Contact Pair

M Pinina Madale ||
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Noncommexcial Use Only

PRES
oL JUL 2 2008
12:16:23
EXTRUSION
To create volume, we can use easily extrusion property by 0.1 unit through normal direction (z

axes)
Main Menu>Preprocessor>Modeling>Operate>Extrude>Areas>By XYZ Offset

Firstly model is selected then entered the offset values.
ANSYSMainMerw @ ]
B r;ﬁ;::nceensts_l?yrpe Extrude Area by Dffset m S 1 S

Real Constants Noncommercial Use only
Material Props S 2 zoos
Sections 1e:2l:02
B Modeling
Create
B Operate
B Extrude
& Elem Ext Opts
B Areas
2 Along Normal
7
2 About Axis
& Along Lines
Lines
Keypoints
A Extend Line
Booleans
Scale
Calc Geom ltems
Move | Modify
Copy
Reflect

m Pinina Madale

10
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x4

[VEXT] Extrude Areas by X¥Z Offset

Di%,0, D2 Offsets For extrusion |0 | ‘ 0 | |D.1 |

Ri,RY,RZ Scale Factors | | ‘ | | |

QK Apply | Cance| | Help |
VOLUMES Q
— NN
Top area

PRES

JUL 2 2008
123:22:236

Back area

Vertical left area

Front area

Apply Boundary Conditions

Because of the symmetry, our system has the following BC’s:
e Onsymmetry areas
o Left Area [from (0,0 ) to (0,10)] U, =0
o Top Area [from (10,10 ) to (1,10)] U, =0
e On back area, constrain U, (U,=0)
e On front area, constrain U, (U,=0)

Apply the displacement constrains using;

Main Menu>Preprocessor>Loads>Define Loads>Apply>Structural>Displacement>Symmetry B.C.>on
Areas> on back area and front area or DA, p for area BC.

11
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ANSYS Main Menu

Checking Ctris
Numbering Ctrls
Archive Model
Coupling i Ceqgn
FLOTRAN Set Up
Multi-field Set Up
= Loads
Analysis Type
E Fast Sol'n Optn
g Define Loads
Seftings
= Apply
B Structural
B Displacement
A 0nLines
A 0n Areas
2 0n Keypoint
# 0n Nod

Apply SYMM on Areas

* pick " Unpick
* Single i Box

© Polygom 0 gipele
i Loop

Count = 0
Maximum =

Minimam =

Area No. =

* List of Items

(" Min, Max, Inc

—

o) —

# 0n Node Caoi
B Symmetry B.
# 0OnLines

A .with Are;

A0 Areas

0K I Apply |

)
=i -

Apply SYMM on Areas

Select only this area

& pick ~ Unpick

* Single " Box

C Palygon " cir Cracked area
(o Loop

Count = 2

Maximum = ?

Minimum = 1

Area No. = )

% Lizt of Items

(o Min, Max, Inc

|

Deset | Cancel
Dick &All | Help

On Modes
Antisymm B.C. -

0K Apply

Reset Cancel

Pick All Help

i
Fli

Be careful in selecting. To get accurate selection, you can use perspective views using ctrl+right

buttons.
-
. AN
LINE NUM JUN 25 2008
5 L44 & 53 3 3 16:05:33
B
BS L2
&l
ks B
rA_X 74
i
L.

To check the applied boundary conditions on areas, DALIST is used in the command line

12
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mDnLIST Command

Eile
LIST COMSTRAINTS OM ALL SELECTED AREAS
AREA LOAD LABEL UALUE<S>
1 Uz A.008a a.800a
2 uz A.6808a A.8a0a
3 SYMH A.008a A.6800a
[ SYMH a.6808a a.800a
Apply Loads

Now we will apply the distributed surface forces (pressure).
Main Menu>Preprocessor>Loads>Define Loads>Apply>Structural>Pressure>On Areas
Carefully pick the bottom area (at z=0 and y=0) and then click OK in the picking window or sfa, p to

apply area pressure.

Select “Constant value' enter *-1' for "Load PRES value', then click OK (Negative sign is for tensile

loading).

ANSYS Main Menu

3|

= Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbeting Ctris
Archive Model
Coupling i Ceqgn

FLOTRAN SetUp

Multi-field Set Up
B Loads
Analysis Type

Fast Sol'n Optn

B Define Loads
Settings
= Apply

B Structural
Displacement
ForcelMoment
B Pressure

A 0nLines

;I [ v
Apply PRES on Areas

' pick  Unpick

o Single " EBox

" Polygon (" Circle
[ Loop

Count =
Maximum =

Minimum =

e

Area No. =

(¢ List of Items

[ Min, Max, Inc

0E I Apply |

T ANSYS|

Honcommercial Use Only

JUL 2 EZ003
12:22: 26

13
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Apply PRES on areas
[5FA] Apply PRES on areas as a

ICDnstant value j

If Constant value then:

MALLE Load PRES walue
LKEY Load key, usually Face no.

{required only for shell elements)

K Apply Cancel Help

Meshing the Model

Back area has to be meshed first. Before meshing, we can select the back area (template area) with
ASEL command using the coordinate (location) option.

ANS\"S Academic Teaching Advanced Utility Menu {CC2)
Eile Zelect List Plot PlotZ

|E|E|E|§I§|g| asel locz.0.0010.001

In the above command, Asel is used to select a subset of areas that are located in the coordinate
range specified. To be able to select the back area only, very small distance is given between the
minimum and maximum coordinate in z direction only.

asel, , loc,z,-0.001,0.001

aplot

Meshing

14
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To obtain accurate fracture solution, we need to generate fine mesh near the crack tip. For this, we\

can use the KESIZE command to specify element size at the crack tip keypoint. First zoom into the
crack tip region. Then issue the command
kesize, p

and pick the crack tip keypoint and write 0.01 as the element size value SIZE in the window.

% pick " Tnpick

ol Single " Box

" Polygen (" Circle [
€ Loop

Coumnt
HMaximuam io

Minimuam

EeyP Ho.

¥ List of Items

" Min, Max. Tnc mEIemEnt Size at Picked Keypoints

[KESIZE] Element size at picked keypoints
Il SIZE Element edge length
D ————— Show mare options [~ Ne
i |
Reset | Cancel |
O Cancel | Help |
Pick Alll Help |
NE
Amesh,p

' Select the back area exactly. Be careful in selecting. Use, zoom in, perspective view

or rotate the model or issue other viewing commands to select the back area.
b AMESH, NAT, I

IT| POWRGRPH|

=J|
| Boncomnezs
* pick " Tnpick

i+ Single " Box

" Polygom (" Circle
- Loop

Count = 0
Maximum = 7
Minimum =

Area No. =

A
Front Area
{* List of Items :

i~ Min, Max, Inc

——

Apply |
Reset Carncel |

[

{11

First, zoom into the crack region and use Ksel to locate the exact location of the crack tip, since we
k will measure the element edge sizes ahead of and behind the crack tip. To do this, we use the ndist/

15
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command (ndist,p) and measure the crack tip edge size. This gives us 6.67e-1, which is coarser\
than the required size. Therefore, we require finer mesh. Now, we try a specified global element
size. Esize,0.5 global size value is entered as 0.5.

ANS‘rS Academic Teaching Advanced Utility Menu (CC3})

File Select List Plot PlotC ey =N,

D|=| 8|8 8| &| 2| EFsiz04

Mesh again the back area; Amesh,p

We may check the distance again using the NDIST command. This gives us 9.972e-3, which is fine
enough (i.e., 1/100" of the crack length).

16
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iode dotances | [N\VOIEE Gt

. File

'+ pick " Tmpick

' The distance hetween nodes 122 and 262 in coordinate system A is:

I ~ Box DIST D (HD2-ND1>» DY (HD2-ND1> DZ (ND2-ND1>
9_9721621621E-A3 9._.9721621621E-83 @ _PEreRRReA @ _PEdeREReA

1 € Dolygon C Circle

( Loop

n
=]

Cournt

n
L]

Maximuamn

n
o]

Node HNo.

L)
A
f Miniwoam
£
[
[

(¢ List of Items

o Min, Max, Inc

%

Apply |

Bezet | Cancell

[0 Pick Alll Help |
h

Concatenate J

As can be seen above, the specified element size is achieved.
Volume Sweeping
Now we will extrude the 2D mesh in to the third dimension by one element in this direction.

Main Menu>Preprocessor>Meshing>Mesh>Volume>Volume sweep>Sweep

ANSYS Main Menu ®|| .
B Preprocessor AN SYS
Element Type & piek  Unpiek
Real Constants S i mercial Use only
Material Props & zingle (" Box L 3 zo0s
Sections " Dolygon { girele 12:22: 26
Modeling C Loop
B Meshing
Mesh Attributes Count = 1
MeshTool Maximm = 1
Size Cntrls Minimm = 1
Mesher Opts Volu No. = 1
Concatenate
B Mesh (¢ List of Items
A KeypOints " Min, Max, Inc
A Lines
Areas ||—
Volumes
B Yolume Sweep
Sweep Opts AiE |
A
Tet Mesh From Reset | Cancal |
Interface Mesh Pick AL Help
Modify Mesh 4' 4'
Check Mesh ||

17
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o

To do this, we use Aclear, all

e | AMSYS 11.0 Output Window

m
CLEARED 1 AREAS, @ LINES, @ KEYPOINTS
PRODUCE ELEMENT PLOT IN DSYS = @
COMPRESS ELEMENT NUMBERS
MAXIMUM ELEMENT NUMBER COMPRESSED FROM 346 TO 673 -
Kl | v

To make sure no gap exists in the node numbers as well, we use Numcmp, node

Volume scraping gives us prismatic mesh in the bounded volume, with respect to area mesh
(template mesh). After sweeping the 2D mesh to generate the 3D mesh, we need to delete 2D
elements, since FRAC3D requires 3D elements only.

' Area mesh is deleted. Because of this, a gap occurs in the
sequence of element numbers. To remove the gap we use, Numcmp, elem

J

18
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¢ | AMSYS 11.0 Output Window

PRODUCE ELEMENT PLOT IN DSY¥S = 1] 3

COMPRESS ELEMENT HUMBERS

MAXIMUM ELEMENT MUMBER COMPRESSED FROM 1346 TO 673
COMPRESE MNODE MUMBERS

MAXIHUM NODE WUMBER COMPRESSED FROHM ¢ 5859 TO 5597 j
4| | oy

Definition of Crack for FRAC3D

Now, we need to provide crack tip element and node number information for FRAC3D analysis.
Zooming into the crack region, we can find the elements and nodes located at the crack tip. (See
detailed crack tip definition requirements in this tutorial for which elements and nodes to be
selected). We need to identify the crack tip element on the bottom crack surface (with respect to
the chosen local coordinate system) immediately behind the crack tip. Using, Select-Entities-
Elements, form the main menu (or Esel, p command) try to select the elements at the crack tip. For
this, move your mouse pointer near to crack tip region. We have to select the element which is
both at crack tip and on the bottom crack surface (as defined by the local coordinate system at the

crack tip). You can see that the crack tip element number is 1.
SYS
JEe ®IlY

fencemmercial

— AL EA L

19
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5 Academic Teaching Advanced Utility
Selaect List Flot PlotCtrls W

BE=P Vsclect entities B2
EEs E

‘S Toolk |Nodes -

ﬂl Nodes El

—Yolumes —

. |{Areas
'S Main Lines

sferenc: 'th:ypuints
sproces |~ Also Select

lution [ Linselect

neral P:
1eHistf _Sele All | Invert |
pologic Sele Nunt:| sele Bt:lu|
M Tool

i OK Appl
sign Of | _Apply |

sb Desi Plot | Flt:plut|
diation _Cancel| Help |

[l\ELIST cCommand Ei

After element selection, we list the selected element and save the file FRAC3D analysis. Use Elist to
see and save the list as a file.

|
LIST ALL SELECTED ELEMEMIS. <LIST HODESX
ELEM MAT TYP REL ESY SEC NODES
1 a 1 1277 1976 122 265 4848 3618 4299 4387

1170 394 264 11'M 2159
4455 4877 4454 4385

2168 4386 2161

The element information (for the crack tip elements) is saved from the Elist window as cc3.crelems

In addition to crack tip elements, we also need to select nodes on the crack front. To be able to
select the nodes of the crack front, it is required to select the crack tip line and then select the
nodes associated with this line. Using, Select-Entities-Lines, crack tip line is selected. Then, NSLL, S,
1 is used to select all the nodes along the selected crack front line. Using Nlist, we can see that the
crack front nodes numbers are: 122, 4299, 4454.

20
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% Academic Teaching Advanced Utility
Select List Plot FlotCirls ¥

———
S=1EL

¥S Toolk  |Nodes -
Modes
E—DBl_ Elements ZI
- =—Volumes
YS Main ;b
eferenc: | [Keypoints
eproces [T Also Select
I|L|tiﬂn rh Unsﬂlﬂm
sheral P
neHistf _Sele All | Invert |
pologic Sele Nune| sele Eelu|
JM Tool
. OK | Apply |
'sign O Plot | Replot|
ob Desi 9 cplo
«diation _Cancel| Help |
[Selectlines | N R LD
O e " Unpick HelCcemmerclal VEe ®nly
" Single " Box II‘“‘
" Polygon (~ gircle
' Loop
Count = 1
Maximum = 15
Mininum = 1
Line Ho. = 15
(:' List of Items
- Min, Max, Inc
i
e |
RBaset | Cancel |
Pick Alll Help |
mNLIST Command
Eilz
I
LIST ALL SELECTED HNODES. DEYS= a
HODE i Y z TH®Y THYZ THEX
122 1.68808 18.888 A. 88008 a.8a a.aa a.aa
4299 1.8888 18.888 A.168888 a.8a a.688 A.B88
4454 1.68888 18.888 A.580088E—@1 a.8a a.aa a.6aa
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The coordinates of the selected nodes (the crack tip nodes) are saved from the Nlist window as\
cc3.crnodes

Also using Select-Everything, all elements in model are saved in file, cc3.elis.

FELIST Command

File

LIST ALL SELECTED ELEMENIS. <LIST WODES>
ELEM MAT TYP REL ESY SEC NODES

1 1 2 1 a 1 1977 1976 122 265 4@40 3618 4299 4347
1178 394 264 1171 2159 2168 43806 2161

4455 4877 4454 4385
2 1 2 1 a 1 1976 1975 262 122 3618 3617 4441 4299
408 395 263 394 2162 2163 4442 2160
4877 4878 4159 4454

3 1 2 1 e HE
4 1 2 1 Savein [ ood - «®mekE-
ansuitmy
5 1 2 1 gccz‘pa;
|| cc3.crelems
6 1 2 1 | 4] ce3.crnodes
|| cca.db
7 01 2 1 [icc eiis
CC3node
esher Opts @Eunvertiarvsysjra(.’:‘d‘axa
oncatenate fracad.exe
lesh movigassembly.exe
1 Keypoints writerun_frac3d.exe
1Lines
1Areas
1Volumes
1Volume Sw
E Sweep O
. '?etsl‘\,/lvee:I? . Rl [ocaels | S|
1 Interface Me Saveashpe  [Lister Files ["lis) | Concl |

Also using nwrite all nodes are saved as cc3.node automatically in current working directory.

Eile Zelect List Plot PlotC

D[ 2| gl 8| 8| & 2| Elnmie

SBCTRAN is used to transfer solid model loads and boundary conditions to the FE model. Loads and
boundary conditions on unselected keypoints, lines, areas, and volumes are not transferred.
shct

mANS‘rS Academic Teaching Advanced Utility Menu

File Select List Plot Ploflje=reeyey

oj=a|o| sl 2 2|
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Using dlist displacement BC’s are saved as cc3.dlis.

FAYDLIST Command

File
LIST CONSTRAINTS FOR SELECTED NODES 1 TO 5859 BY 1
CURRENTLY SELECTED DOF SET= UX uy uzZ ROTX ROTY ROTZ
HODE LABEL REAL 1HAG
1 U 0.0ABBABAA 0.80080000
1 Uz 0.6A0AA0AA 0.6008000A
i ROTY 0.9ADAABAA 0.6008006A
i ROTZ  0.9ADAABAA 0.6008006A
7 U 7 AAnAAnAR " ArnAAnaA
8 iz
2 ROl HEl
2 Savein: [ Centet_erack =~ = EcE
3
3
3
1
4
4
4
5
5
5
5
errece
‘points
s
as
imes
ame Sweep
weep Opts
Mesh From File name: [eca.did = Save |
rface Mesh Saveastype  |Lister Files ["lis) | Cancel
tMesh . ¥

Using sflist pressure loads on elements are saved as cc3.sflis.
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FL\SFLIST Command \
Fle:

LIST NODAL SURFACE LOAD PRES FOR ALL SELECIED NODES

ELEMENT LKEY FACE NODES REAL THMAGINARY
65 5 2 —1.8008000A A.ARABRARA
44 —1.800880AA A.ARAARAAA
4181 -1 .p806A0DA A_088BBAND
4880 -1.p@06A0DA A_0A8BBARD
66 4 an 1 AARGAGRR 4" ARARRARR
Save As HE
s 4 Savein |@ Center_crack =+ % E3-
86 4
87 4
CareTTaTe
eypoints
nes
‘eas
slumes
olume Sweep
Sweep Opts
st Mesh From File name: Jec.si | Save
terface Mesh Saveashpe  |Lister Flles () =l Cancel
ify Mesh

Now, we completed all modeling steps in ANSYS™. We are ready to convert all model information
into FRAC3D format using the converter program.
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T.1.4 Converting ANSYS Model into FCPAS Format (Generation of cc3.geo File)

FCPAS requires its model information in a specific format. To convert ANSYS™ model files into
FCPAS format, we can use the convert_ansys_fcpas.exe program. The converter program can be
run by typing, its path in MSDOS prompt or from the “Geo File” tab from FCPAS GUI.

Input file names can be selected by “Browse” buttons. “Generate Geo file” creates cc3.elis_3d.geo
file. To go to Run File preparation, press “Next Step”.

T.1.5 Generation of *.run File

Now, we need to generate a run file which is also required for fracture analysis. We use
writerun_fcpas.exe or FCPAS GUI to generate *.run file (cc3.elis_3d.run file). The *.run file contains
analysis type, material properties, solver type tolerances, body forces and local coordinate systems

data.

Parameters can be selected by clicking the objects in the tab. “Generate Run file” creates

cc3.elis_3d.run file.
il FCPAS 1.0-1)Cracked Model Devoloped using ANSYS

BEx]

File Help

ANSYS (TM]] GEO File RUN File l Fracture Analysis ] Fracture Info 1 Post Processing ] Visualization ]

—Control Panel

Run File Name without ".run™ |cc:3.e|is
Analysis Type (+ Linear " Menlinear |~ Thermal Stress ¥ Fracture ™ FGM

E-07

017 0. 3000000
Solver Type | " Frontal % PCG Tolerance—> |1_e.g EU% }*o’n“ nl
—Material Properties C*4% THERMAL LADDING

MNumber of different Material in The Model |-| a
Ex Ey Ez Gy Gyz Gz Nuxy MNuyz Nuxz Behaviour
03 ™ Orthotropic [~ Elasto Plastic

pe7 | | |
| | | | |

l_ ’_ ’_ [ Orthotropic [ Elasto Plastic

|
|
|
FGM Properties(E(x)=ED.exp(Beta.x), Nu(x)=Nul.expleta.x) &l pha(x)=Llpha0.explw.x))

l_ ’_ l_ [~ Orthotrepic [ Elasto Plastic

ANSYS(TM)
| | Geo File
| | | RUN File
| | | Frac 3D
) Fracture Info
I Do You Have Other Tied DOF Sets CTE Values (XX.YY.ZZ) and Tref ,7 Post P -
How many DOF de you have? oSt =g
™ Temp Dependet Material Property Vs Tes T
How many nodes X
Initizl Temperature
Mode number and direction Mxlly W=z ™ E of Material 1 is temperature dep ' '
Temp. Points ’_ Ex.Ey.Ez.Gx Gy Gz
[ Have Body Force Loading ™ MNu of Material 1is temperature dep.
Type of Body Force Loading % Grawvity " Centrifugal Temp. Points ’_ Nuse, Nuy MNuz
The Acceleration Generate RUN File
Input Lhrechion Cesines of Grav. Loading [ CTE temperature depended.
Direction (wrt Global Coord. Sys.) The Number of temperature points
Second on Axis 111 Temperature and corresponding
Density ot Material CTE Values(x,y.z points) for peint 1 ‘ ﬁ
™ Have Local Coordinate Systems Integration Order |2‘5l
How many coordinate system ’7 [¥ Use Transition Element| Generalized Flane Strain Problem

e

CSYS |0 no, THXY THYZ THXZ angles

Input Number of Increments  Max. Mumber of

lterations and Tolerance for Convergence l_ ’— ’—

™ Show The Results At The End of Every Increment?
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To pass into “Frac3D” tab, press “Next Step”.
T.1.6 Running FRAC3D (FCPAS Solver)

To run the FRAC3D, three kinds of input files are required;

*.run (compulsory)
*.geo (compulsory)
*.tem (optional)

FRAC3D gives the results in the following output files;

*.out
* str
*,stn
*.crk

Now, we are ready to run FRAC3D. To do this we can use frac3d.exe. When running FRAC3D, geo
and run files names have to be entered. The following table shows the steps and input for this
specific problem.

Select the cc3.elis_3d.geo, cc3.elis_3d.run, and cc3.elis_3d.tem (if required) files by browsing and
press run button to run the Frac3D.exe in the background.
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& FCPAS 1.0-1)Cracked Model Developed using ANSYS
File Help

ANSYS (TM) | GEO File | RUN Fie  Fracture Analysie | Fracture Info | Post Processing | Visualization

RUN File Name

|c:c:3.e|is_3d
GEQ File Name |c:c:3.e|i373c|
[~ Thermal Analysis?
TEM File Name |
Number of Processors to be Used 2
Do you accept License Agreement? + Yes T No

Browse |

Browse |

Review Error File

FCPAS Solver

Fracture and Crack Propagation Analysis System

LICENSETERMS

Copyright 2010- Ali O. Ayhan, ayhan@sakanya.edu tr

Permission is hereby granted, free of charge, to any
person obtaining a copy of this software, its all
subconstituents and the associated documertation files
fthe "Software"), for the rights to use. copy. merge software,
and publish resultsfrom the Software subjected to the following condtions:

* Usage of the Software is pemmissible and freely available
UNDER THE CONDITION THAT THE SOFTWARE,

OF THE RESPECTIVE AUTHOR(S) AND THE SOFTWARE IS NOT
DISTRIBUTED TO ANY OTHER THIRD PARTIES.

* Usage of the Software for private use, research, publication
and education 15 PERMISSIBLE.

REVIEW EROR FiLE toolu olan yeni gériintiiyi al

INCLUDING APPROPRIATE SUBCONSTITUENTS. REMAIN UNDER COPYRIGHT

b3

<

—Caontrol Panel

ANSYS(TM)

Geo File
RUM File

Fracture Analysis

Fracture Info

Post Processing

Visualization

- =

After finishing the process, output files can be seen in the “Fracture Info” tab. In the “Fracture
Info” tab you can browse anyfile to see its content and plot the K3, K> and K3 data in an x-y graph.
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ax

G1 G2 G3 GTOT

Dosya tirii "Crack Files(" crk) |

82 0.1175731E-08  0.0000000E+00  0.0000000E+00

==
ANSYS (TM) | GEO File | RUN File | Fracture Analysis  Fracture info. | Post Progessing | Visualization
Control Panel
In this section, you can view contents of cutput files and plot stress intensity factors aleng crack front.
OpenFile: C:\Documents and Settings\Admin\Desktop! les\ccIiecd.elis_3d.crk Plot SIFs :
% e e
Konum: |lﬂc:c:3 ﬂ EF Ed- & Working Directory
@Inpum
L\§" m cc3.elis_3d.crk
En Son
FRACTURE MECHANICS INFORMATION T ﬁ
ccd.elis_3d.crc =
24 X 24X 24 INTEGRATION 1S USED FOR ENRICHED CR [
TRANSITION ELEMENTS ARE INCLUDED IN THE Masaiisti
lasaustu ANSYSTM)
CRACKNO: 1 \ Geo File
CRACK TIP NODES: _,_,-/ :
82 4605 4412 ) RUN File
Belgelerim
CRACK IN AN ORTHOTROPIC MATERIAL Frac 3D
él)! Fracture Info
Ki K2 K3 Bilgisayanm kst Processing
82 0.1878083E+00 0.0000000E-D0  0.0000000E=00 fsuslisation
4605 0.1877509E+00 0.0000000E-D0  0.0000000E+00 ==
4412 0.1860791E<00 0.0000000E+00  0.0000000E=0D0
Aj Baglartlanm  Dosya o |oc3slis_3d ord 4 -

4605 0.1175013E-08  0.0000000E+00 0.0000000E<00  0.0000C00E+D0
4412 0.1154182E08 0.0000000E+00 0.0000000E<00  0.0000000E+D0

To plot the K3, K> and K3 data in a graph, just press “Plot SIF’s” button.

{

",
X
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/ il FCPAS 1.0-1)Cracked Model Devoloped using ANSYS

SEI

File Help
ANSYS (TM) | GEO File | RUN File | Fracture Analysis  Fracture Info | Post Progessing | Visualization

In this section, you can view contents of cutput files and plot stress intensity factors along crack front.

OpenFile: C:\Documents and Settings\Admin'\Desktopiexamples'cciced elis_3d.crk Plot SIFs -

B ce3.elis_3d.crk ol

0.20

018

0.16

014

0.12

0.10

0.08

Stress Irtoneity Factors [K1,K2,K3]

0.06

0.04

0.02

0.00

Nodes

Total Node: 3

We can see that the computed K; (1.814) is ~%2 higher than the analytical solution.

0.20

0.18

0.16

014

012

0.10

0.08

0.06

0.04

0.02

0.00

- K1

- K3
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/ T.1.7 Post-processing of FRAC3D Results

i FCPAS 1.0-1)Cracked Model Devoloped using ANSYS

File Help
ANSYS (TM) | GEO File | RUN e | Fracture Anaiysis | Fracturs Info  Post Processing | Visualization |

RUN File Name ccdelis_3d
GED File Name ccd.elis_3d

How Many Different Materials Do You \Want To See? [4
Input 1 Material ID Mumbers 1

Do You Want to Prepare Animation File? No x

T.1.8 Visualization of FRAC3D Results

Browse |

Browse

[

Create

—Control Panel

ANSYS(TM)
Geo File

RUN File

Frac 3D

Fracture Info

Post Processing

Visualisation

- =
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/ it FCPAS 1.0-1)Cracked Model Devoloped using ANSYS (=) \

File Help
ANSYS (TM) | GEO Fie | RUN File | Fracture Analysis | Fracture Info | Post Processing Visualization |

—Control Panel
Choose whether to draw an outline before deformation Yes =
]
Input the scaling factor for displacement 1000 -
\which scalar to be displayed? 1Y Stress - i
Do you want to change range? Yes -
from 1] 3: to 2 =
Input the zooming scale 1 ANSYS(TM)
Show Resulls Geo File
RUN File
Frac 3D
ﬁ Fracture Info
Post Processing
_ . _ _ Visualisation
VTK sofiware Usage is Limited To This Copynight
VTK is an open-source toolkit licensed under the BSD license. »

http:/hwwree vik ora/VTKIprojectilicense htm| Copyright (c) 1993-2008 Ken Martin, Will Schroeder, Bill Lorensen
All rights reserved.
Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

* Redistributions of source code must retain the above copyright notice, this list of conditions and the following disdaimer.

* Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disdaimer in the
documentation andjor other materials provided with the distribution.

* Neither name of Ken Martin, Will Schroeder, or Bill Lorensen nor the names of any contributors may be used to endorse or
promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS *"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITMESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN MO EVENT SHALL THE AUTHORS OR. CONTRIBUTORS BE LIAELE FOR. ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR. CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
LOSS OF USE, DATA, OR. PROFITS; OR BUSINESS INTERRUPTION) HOWEVER. CAUSED AND OM ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGEMCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

To see the Cracked Model results, choose the parameter you would like to contour plot and press
“Show Results” button.

31



FCPAS Tutorial — Version 1.0

=/l

o

.00
1.2

143

1.09

0.209
0.727
0345
0,324
0142

0,000

EXAMPLE.2. Three-Dimensional Mode-I C(T) Specimen

T.2.1. Problem Description

Toughness is the ability of a material to resist fracture. The general factors, affecting the toughness
of a material are temperature, strain rate, relationship between the strength and ductility of the
material and presence of stress concentration (notch) on the specimen surface. Compact Tensile
(CT) specimen is one specimen type to measure fracture toughness of a material. In this example,
we will model a crack of length a=27.5mm in a CT specimen and compute the mode | stress
intensity factor (SIF) along the crack front. The material is Al-7075 with Elasticity Modulus = 70
GPa, oy= 95 MPa, P=1 N, v= 0,33, p= 2,81 g/cm3. The dimensions are given in Figure D.38. These

dimensions are in mm.
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Compact T

275

‘o
4
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[T
]
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3 Ly
X z
—d
@ _ 225 | @ -
Sa
52,5

Figure D. 2 CT specimen and its dimensions

In FCPAS ANSYS™ tab, we run ANSYS™ program.
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i FCPAS 1.0-1)Cracked Model Devoloped using ANSYS

SEIR

File Help

ANSYS (TM) IGEO File ] RUN File ] Fracture Analysis ] Fracture Irfo ] Post Processing | Visualization

ﬂl |C:'-.Fn:|gmm Files"ANS5YS Inc'w120hansys bintintel\auncher120.exs

Browse | |

Run ANSYS |

‘wrking Directory

Run Preduct Launcher |

FCPAS Software Path

Curent Path

|C:"-.Documents and Settings".Admin

Figure T.7. FCPAS graphical user interface

T.2.2. Generation of the Finite Element Model within the ANSYS™ Preprocessor

First of all, we must take into account the problem type, we will model this as a 3D problem. Also,
due to the symmetry of the problem, only analysis of a half model is needed. We will model this
three-dimensional problem using multi-layers of 3D elements in the out of plane direction. To do
this, we will first mesh the back face of the domain with area (2D) elements and extrude the mesh
into the third direction. We will use PLANE82 and SOLID95 elements from the ANSYS™ element
library [3]. Note that ANSYS™ Help is very useful tool to identify and select the suitable elements

for the problem of interest.

Control Panel

Change Working Directory

ANSYS(TM)

Geo File

RUN File

Frac 3D

Fracture Info

Post Processing

Visuslisation

- =
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Preprocessing
Change Directory
Before starting the model, create a folder in which you would like to work&change directory to this

folder.
mANS‘rS Academic Teaching Advanc

Eile Select List Flot Plot

Clear & Start Mewy .
_hange Jobname ..

i_hange Directory
Change Title ..

Fesume Jobname db
Fesume from ..

Give the Job a Name
Utility Menu>File>Change Jobname...
Enter a name, for example "CT2', and click on OK.

F1YANSS Academic Teaching Advan I
i i [fFILMAM] Enter new jobname | T2 |
File Select List Plot Plc
: Mew log and errar files? [~ Mo
Clear & Start MNew ...
Change Directory ... L | Lﬁll L'pl

Change Title ...

Define Element Type

Main Menu>Preprocessor>Element Type>Add/Edit/Delete

This brings up the 'Element Types' window. Click on the Add... button. The 'Library of Element
Types' window appears. Highlight “PLANE82-8 node 82”and “SOLID95-20 node 95”. Click on OK or
in command line, use (ET,1,82)? (ET,2,95).

ﬂ ANSYS Academic Teaching Advanced Ukility Menu (CC3)

S aucCtrls  Help

File Select List ANSYS Command Line
b= a8 & & 2| =i /

Define Material Properties
Main Menu>Preprocessor>Material Props>Material Models

? PLANES2 element provides us both “plane strain or stress” options.
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On the right side of the 'Define Material Model Behavior' window that opens, double click on\
“Structural', then “Linear', then “Elastic', finally “Isotropic'. Enter in values for the Young's Modulus
(EX = 70E9) and Poisson's ratio (PRXY = 0.33) of the plate material. Or in command line, use

MP,EX,1,70e9
MP,PRXY,1,0.33
AHNSYS Main Meru % o) x|

. Material Edit Faworite Help

Preferences I]

Bl Preprocessor ~ Material Models Defined Material Models &vailable
Element Type
Real Constants [ Iaterial Model Mumber 1 ;I Favorites -
[ Material Props @ Structural

Material Library .
Temperature Units @ Linear
Electromag Units @ Elastic

aterial Models| € e
(= Convert ALPx
Change Mat Num mlinear Isotropic Properties for Mate x|

Failure Criteria
¥rite to File Linear Isotropic Material Properties For Material Mumber 1
Read from File
Sections T1
Modeling

Temperatures

Meshing - ?0897 LI

Checking Ctrls

Numbering Ctrls LI PREY _ LI
Archive Model
Coupling / Ceqn
FLOTRAN Set Up
Multi-field Set Up
Loads

Physics

Path Operations

o CEnliakinn

Add Temperature | Delete Temperaturel Graph |

ak | Cancel | Help |

Define Keypoints
Main Menu>Preprocessor>Modeling>Create>Keypoints>In Active CS
We are going to create 5 keypoints given in the following table:

LOCATIONS |
KEYPOINTS X [m] Ym] Z [m]
1 0 0 0 | =
2 0.0625 |0 0 i e e = i i
3 0.0625 | 0.03 0 = - ¢
v . L YRe323
4* 0.04 0.03 0 = n Y l"'Q_/J
5 0.035 0.03 0 2 X
6 0.0325 | 0.0275 0 1 e y
7 0 0.0275 0 @25 | ms5 |
g** 0.0125 | 0.0165 0 0
62,5
*:If sharp crack length is 2 mm, then coordinates must be (0.037, 0.03, 0). In this case it is 5 mm.
**: This keypoint is the center of the hole and going to be used in Hole (circle) placing section.

K,1,0,0,0,
K,2,0.0625,0,0,
K,3,0.0625,0.030,0,
K,4,0.04,0.03,0, /
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K,5,0.035,0.03,0,
K,6,0.0325,0.0275,0,
K,7,0,0.0275,0,
K,8,0.0125,0.0165,0,

mtreate Keypoints in Active Coordinate System E

[K] Create Keypoints in Active Coordinate System

NPT  Kewpoint number

%,¥,2 Location in active C5 | 0 | | 0

|E |

ol | Apply | Cancel | Help |

Define Line Segments
Main Menu>Preprocessor>Modeling>Create>Lines>Lines>Straight Line

Clicking keypoints from 1 to 2, 2 to 3..., lines can be drawn. Last line must be KP7 to KP1. Keypoint

8 is for only creating the hole. For now keypoint 8 will not be used.

JSYS Main Menu @

ces =
'@SSor

ent Type

Constants

ial Props

ons 5 4
ding 7 5

2ate

Keypoints

21 0n Working FPlan
=]in Active CSIE
2 0nLine B
21 0n Line wiRatio
21 0n Node

A1 KP between KPs ml:reate Keypoints in Active Coordinate System
A Fill between KPs [K] Create kewpoints in Active Coordinate Systen

KP at center

i MPT  Kevpoint number l:l
Hard PT on line

Hard PT on area *,%,Z Location in active C5 |

Lines

Areas
volumes Ok | Apply | Cancel |

Modes

Flements

Or,

LSTR,
LSTR,
LSTR,
LSTR,
LSTR,
LSTR,
LSTR,

~

~

~

\ICDU'I\-waI—\
P NO U WN

~
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Create the Area

Main Menu>Preprocessor>Modeling>Create>Areas>Arbitrary>By Lines
Pick all lines (Click OK in the picking window). Or;

FLST,2,7,4

FITEM,2,1

FITEM,2,2

FITEM,2,3

FITEM,2,4

FITEM,2,5 Crack tip keypoint
FITEM,2,6

FITEM,2,7

AL,P51X

Hole (circle) placing

Main Menu>Preprocessor>Modeling>Create>Areas>Circle>Solid Circle
Click keypoint 8 and enter radius value as 0.00625m. Or; CYL4,0.0125,0.0165,0.00625

\_
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ANSYS Main Menu @]

ences =l
Icessor mSUIid Circular Area E
nentTyp « pick ¢ Unpick
Il Constal -
erial Prog -
tions ¥ =
leling  global % -
‘reate _
8 Keypoil
g Lines =
1 Areas
. A.9125
Arbiti
Rect; WP ¥ B.9165
= Circl Radius B . BP6 25|
AEE
A An OK | App1y |
7 Pa Reset | Cancel |

#1 By

By HB].D |

Fi\solid Circular Area |

v Pick " Unpick
WP X =
L' =
Globhal H =
y =
7 =
WP X |a.a125 |
WP v ||a.|a155 |
Radius |a.aa£.25 |
OK | Apply |
Reset | Cancel I
Help |

7 PrbsAsrm

Subtracting hole area

Main Menu>Preprocessor>Modeling>Operate>Booleans>Subtract>Areas

Firstly select the whole area and hit Ok then select the bigger area and click apply and then hole

area that its center point is on keypoint8 is selected and click OK. Or use ASBA,

OK.

1, 2 and hit
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5 4 3

EXTRUSION

To create volume, we can easily extrude the area by 0.025m in the normal direction (z axes)
Main Menu>Preprocessor>Modeling>Operate>Extrude>Areas>By XYZ Offset
First, model is selected then the extrusion distance is entered.

ANSYS Main Menu @

srences - " ? o
rocessor '
ement Type Extrude Area by Offset te @mme = Jge @#nly

:al Constants Hencemmercial

- & piek ik OCT 30 Z00&
ate_rlal Props e PP 11:55:09
ECtlo_ns o) Single " EBox z 2 >
xdeling & vol _
Create olygon  (~ Cirele
(8 Loop
Operate
= Extruce Count = O
ElemExtOpt i - 1
B ‘;ri\als N Minimam = 1
Ong or Area No. =
PAE Yy XYZ Off
%AbOUt ’Q_x“ (¥ List of Items
A Along Line _
Lines [ Min, Max, Inc

Keypoints
A Extend Line |
Booleans

Fl\Extrude Areas by X¥Z Offset ]

[WEXT] Extrude Areas by x%¥Z Offset

D,0%,DF Offsets For extrusion | N | | 0

R, RY,RZ Scale Factors | | | | | |

Ik | Apply | Cancel | Help |

Or;

FLST,2,1,5,0RDE,1
FITEM,2,3
VEXT,P51X,,,0,0,0.025,,,
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Meshing the Model

Back or front area has to be meshed first. Before meshing we can select the back area (template
area) with ASEL command using the coordinate (location) option.

mANSV’S Academic Teaching Advanced Utility Menu (CC2)
FEile ZSelect List Plot PlotC

|E|E|E|@|§I@|g| asel | locz.0.001,0.001

In the above command Asel is used to select a subset of areas that are located in the coordinate
range specified. To be able to select the back area, very small distance is given between the
minimum and maximum coordinate in z direction.

asel, , loc,z,-0.001,0.001

aplot

Honcommer

To obtain accurate fracture solution, we need to generate fine mesh near the crack tip. For this, we
can use the KESIZE command to specify element size at the crack tip keypoint. First zoom into the
crack tip region. Then issue the command

kesize, p

and pick the crack tip keypoint on the back area and write 0.0005m as the element size value SIZE
in the window.

/
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N

| Crack tip (back surface) : \
1 1

Elem 5ize at Picked KP
¢ pick " Unpick

i+ Single " Box

" Polygon (" Circle
(gl Loop

Count
Haximuam

Minimam

wonomon
=
o

EKeyP No.

{* List of Items

" Min, Max, Inc

|

[1):4 Apply |
Reset Cancel |
Pick ALl Help |

il

mElement Size at Picked Keypoints
[KESIZE] Element size at picked keypainks

SIZE Element edge length 0.0005

Showe more opkions

Ik | Cancel | Help |

Amesh,all ' Select the back area exactly. Be careful, in selecting. Use, zoom in, perspective view

or rotate the model or issue other viewing commands to select the back area.

For better meshing of the hole be must refinement using
Main Menu>Preprocessor>Meshing>Modify Mesh>Refine At>Lines
Use isometric view when you select hole edges. Choose 1(Minimal) value.
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Note: All meshing and refining processes must be done in this stage. Because volume sweepin
gives us hexahedral type volume mesh. Once volume sweeping is done, there is no way to return
back to 2D mesh again, unless all mesh is deleted. Therefore all refinement and tuning processes
on meshing stage must be finished at this point.

Now, we will refine the hole circumference. When asked by the program select all lines on the hole
circumference.
11

1 Preferences

1 Preprocessor
Element Typ
Real Constar
Material Prog

% pick " Unpick

i+ Single i Box

" Palygen " Circle

Sections (oo

Modeling Count = 4

B Meshing Maximum = 33
Mesh Aftrl  mindimem = 1
MeshTool rLine wo. = 1o

Size Cntrls
MeSher DF {* Lizt of Items
Concaten:
Mesh
E Modify Me [
B Refine £
2 Node

A Elemu — I Apply|

# Keyp

ﬂ Reset | Cancel |
|

[ Min, Max, Inc

A Areas
All

mRefine Mesh at Line

[LREF] Refine mesh at lines

LEVEL Level of refinement

Advanced options

(0’4 | Cancel | Help |

We will do a minimum level of refinement.

~
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Next, let us check the element size near the crack tip. First, zoom into the crack region and use Ksel
to locate the exact location of the crack tip, since we will measure the element edge sizes ahead of
and behind the crack tip. To do this, we use the ndist command (ndist,p) and measure the crack tip
edge size. This gives us 4.8237299690E-04, which is fine enough.

F\ansys Multiphysics Utility Menu {ct2)

File Select List  Plot  PlokCerls  WorkP

Dza s s ez E

ANSYS Taalbar |.¢\NS‘|’S Cammand Prormpt

NDIST, ND1, NDZ
ndist, p

save_DB| Resum_D6| quit| powrReH|

ANSYS Main Menu @|

Preferences -
E Preprocessor
Element Type
Real Constants
Material Props
Sections

Modeling
E Meshing mNDIST Command
Mesh Attributes File:
= MeshTool
The diztance batuzen nodes 32 and 18 in coordinate systen 0 is:
T ¥ (HO2-HO1) D% (HD2-HO1) DZ (HD2-HO1)
O e  Unpick 4.8237290690E-04  4.8237299690E-04  0.000000000 0.000000000

Note: If inter-node distances had nhot been done fine enough, we would have returned back to
the refinement process again after cleaning the mesh.
As can be seen above, the specified element size is achieved.

Applying Boundary Conditions

Because of the symmetry, our system has following BC's:
1. Onsymmetry area (Top Area): [from (0.0225,0.03,0) to (0.0625,0.03,0)] U, =0
2. Oncorner 1, constrain U,=U,=U,=0

3. On corner 2, constrain U, (to avoid the rotation about the Y axis. Note that: we could
choose the corner 3 (U,=0), instead.)

J
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K 1. Apply the displacement constraint on symmetry area \
ALLSEL,ALL

aplot

Main Menu>Preprocessor>Loads>Define Loads>Apply>Structural>Displacement>Symmetry B.C.>on
Area or DA, p for area BC.

Symmetric area is top area of our model. This area must be constrained in y direction. Select the
symmetry area carefully.

Symmetry Area

,' Cornerl

AMSYS Main Menu ®I|E

Checking Ctrls

MNumbering Ctrls
Archive Model & pick " Unpick
Coupling i Ceqn e ——
FLOTRAN Set Up oo .
Multi-field Set Up o YIOm (" Circle
= Loads oop
Analysis Type
B Fast Sol'n Optn
g Define Loads
Settings
= Apply
& Structural
B Displacement

* Single i Box

Count
Maximun

Minimum

Area No.

* List of Items

A 0n Lines (" Min, Max, Inc
# 0n Areas

2 0n Keypoint I

2 0n Nod

# 0n Node Caoi -—

= Symmetry B. = —IAPNY
A 0nLines Resat | Cancal
A .with Are; |
ﬂ Pick all Help

On Modes
Antisymm B.C. -

Be careful, when selecting areas. To get accurate selection you can use perspective views using
ctrl+right button.

K To check the applied boundary conditions on areas, DALIST is used in the command line

J

45



FCPAS Tutorial — Version 1.0

Ilonust command

File:

LIST CONSTRAINTS ON ALL SELECTED ARERS

#% IARHING: PRE-RELEASE MERSION OF ANSYS 11.0BETA
ANSYS, INC TESTING I3 HOT COHPLETE - CHECK RESULTS CAREFULLY #*

RREA LOAD LABEL YALLELS)
5 SHHH 0.0000 0.0000

2. Apply the displacement constraint on corner 1, constraint U,=U,=U,=0

Main Menu>Preprocessor>Loads>Define Loads>Apply>Structural>Displacement>on Keypoints

Apply U,ROT on KPs
e
p {* pick - Unpick
inks
ops
P i+ Single " Box
" Polygon (" Circls
i Loop
trls
Ctrls Coumt = 1
del Marimum = 23
Zeqn Tiere i
11T =
zt Up
set Up FeyP Mo. = 3
Type {* List of Items
n Dptn
pads [ Min, Max, Inc
gs
“uctural
Displaceme
#1 On Lines — I Apply |
A On Areas
% Deset | Cancel |
1 On Node:
A OnMode | Pick Mll Help |
E Symmek
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I\ apply UROT on KPs
[DK] Apply Displacements (U,ROT) on Kevpoinks
LabZ DuOFs ko be constrained

Apply as IConstant value j
If Constant walus then:
YALUE Displacement walue D
KE#PND Expand disp to nodes? ml

(0] 4 | Apply |

Cancel | Help |

To check the applied boundary conditions on areas and keypoints, DKLIST and DALIST is used in
the command line

mDKLIST Command

x x
File File
LI SELECTED DOF FOMGTRAINTS, M fiLL SELELTED KEYPOINTS LIST CONSTRATNTS ON ALL SELECTED ARERS
ok URRNTNG:  PRE-RELERSE VERSTON OF ANSHS 11.0RETR w# WRRNTHG: PRE-RELERSE WERSION OF ANSYS 11.0BETR
AHGHS, INC TESTING 15 HOT COHPLETE - CHECK RESULTS CRREFULLY + AHSYS, IHC TESTING 15 HOT COHPLETE - CHECK RESULTS CRREFULLY #+
KEYPOINT  LOAD LABEL WALUELS) EXP KEY RRER LOAD LABEL YALUELS)
3 1 01.0000 0.0000 1]
ER 0. 0000 0.000 0 3 24HH 00000 0.0000
3 12 01.0000 0.0000 1]

3. Apply the displacement constraint on corner 2, constraint U,

AREAS

TYFE NUH

: T ANSYS

Honcommercial Use Only

0CT 30 2008

s 13:00:16
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- € ANSYS]

Honcommercial Use Only

OCT 30 2008

k] 13:02:02

Main Menu>Preprocessor>Loads>Define Loads>Apply>Structural>Displacement>on Keypoints

1= Apply U,ROT on KP=

¥pe * pick i Unpick
-ants
rops LC Single "~ EBox
e Polygon (" Circle
[ Lo

‘trls P -
jCtrls o -
odel Maximum = 23
Ceqn Minimum = 1
et Up FeyP Ho. = 1E
Set Up

f {¢ Lizt of Items
s Type
I'n Optn " Min, Max, Inc
_nads
ings I
¥
‘ructural
| Displacement
#4 On Lines oz I Apply |
&1 On Areas
ﬂ On Keypoints Reset | Cancel |
#1 On Nodes Pick Alll Help |

&4 On Node Components
El Symmetry B.C.
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-

x
[DK] Apply Displacements (1U,ROT) on Keypoinks
LabZ DOFs to be constrained
[HES
iy
Iz
Apply as ICDnstant value j
If Constant walue then:
YoLLUE Displacement walue ICI
KEXPMD Expand disp bo nodes? [ Ma
(4 | Apply | Cancel | Help |
Now let’s list the last BC's.
F\paLIsT command
File
|
LIST CONSTRAINTS ON ALL SELECTED AREAS
AREA LOAD LABEL UALUECS >
5 SYHMH 8.0888a8 8.0888a8
F\DkLisT command
File
| -
LIST SELECTED DOF COMSTRAIMIS OW ALL SELECTED KEYPOINTS —
CURRENTLY SELECTED DOF SET= UX uy Uz
KEYPOINT LOAD LABEL UALUECS> EXFP KEY
3 uH 8._a/aa 8._a/aa a
3 uy (G 515]5]5) (G 515]5]5) a
3 Uz 8._a/aa 8._a/aa a
15 ux (G I 515]5]5] (G I 515]5]5] a EI
Or;
DA, 5,SYMM
FLST,2,1,3,0RDE,1
FITEM,2,3
FLST,2,1,3,0RDE,1
FITEM,2,3
|*
/GO
DK,P51X, ,0,,0,UX,UY,Uz,, ,,
FLST,2,1,3,0RDE,1
FITEM,2,15
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I* \
/GO
DK,P51X,,0,,0,UX,,,,,,

Volume Sweeping
First, let’s define layer size for the mesh to extruded.
Main Menu>Preprocessor>Meshing>Size Cntris>ManualSize>Layers>Picked Line

ANSYS Main Menu ®I| )
il

Moarine Select the on eline in z direction
Mesh Attributes & pick " Unpick
MeshTool
=] Size Cntrls [ Single {~ Box
SmartSize " Polygon { circle
B ManualSize C Toop
Global — . .
Areas Maxinum = a3 h
Lines Minimam = 1
KeypOints Line Nao. = Z9
= Layers ’
ﬁ * List of Items
A Clr Layers

Concentrat KPs| ¢ Min, Max, Inc
Mesher Opts
Concatenate fi

Mesh

Modify Mesh

Check Mesh ok | _sees |
Clear Beset | Cancel |
Checking Ctrls _

Numbering Ctrls Pick ‘“‘“l Help |
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Area Layer-Mesh Controls on Pickeghbias
[LESIZE] Area Layer-Mesh controls on picke: 10 elements along the selected line.

SIZE Element edge length

-=ar -

MDY Mo, of ine divisions

._.
=2

KANDIY SIZE,NDIY can be changed o

=]
i
L

SPACE Spacing rakio (Marmal 13

LAYERL Inner laver thickness

|

Size Fackor must be = or = 1

Thickness input is:
¥ Size factor

" absolute length

[LAYER] elements are uniformly-sized)

LAYERZ Cutker layer thickness

ﬂ

Transition Factor must be = 1

Thickness input is:
{+ Tramsition Fack,

" Absalute length
(LAYERZ elements transition From LAYER] size to global size)

MOTE: Blank or zero settings remain the same.

(] 4 Apply Cancel

Help

Now we will extrude the 2D mesh in z direction and 20 layers will be generated in this direction.

Main Menu>Preprocessor>Meshing>Mesh>Volume>Volume sweep>Sweep
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f ANSYS Main Menu__ ®||

references
reprocessor % Pick  Unpick
1 Element Type
1 Real Constants { single { Box
1 Material Props " Tolygon ( circle
1 Sections T s
1 Modeling
1 Meshing Coune = 1
Mesh Afttributes Maximam = 1
MeshTool Minipam = 1
Size Cntrls Volu Ho. = 1
Mesher Opts
Concatenate f* List of Itens
B MeSh (o Min, Max, Inc
A Keypoints
A Lines [
Areas
Yolumes
B Volume Sweep 0K I Apply |
msweep Opts Reset | Cancel |
Tet Mesh From  rick .ull Help |
Interface Mesh

m Rla B Bl I

Volume sweeping ives us prismatic mesh in the bounded volume, with respect to area mesh
(template mesh). After sweeping the 2D mesh to generate the 3D mesh, we need to delete 2D
elements, since FRAC3D requires 3D elements only.

To do this, we use Aclear, all ' Area mesh is deleted. Because of this, a gap occurs in the
sequence of element numbers. To remove the gap we use, Numcmp, elem

To make sure no gap exists in the node numbers as well, we use Numcmp, node
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[c| ANSYS 11.0 Output Window _ (O]
CLEAR MODES AND ELEMENTS FROM ALL SELECTED AREAS B
CLEARED 1 AREAS. 8 LIMES. @ KEYPOINIS

COMPRESS ELEMENT MUMBERS
MAXIMUM ELEMENT NUMBER COMPRESSED FROM 4599 TO 43808

COMPRESS NODE NUMBERS
MAXIMUM NODE NUMBER COMPRESSED FROM 28533 TO 28533

Applying Loads

Now we will apply the pin loads on a line along inner surface of the hole. To do this, we can apply
concentrated forces on nodes located on these lines (We can not apply concentrated forces on line
entities).

Main Menu>Preprocessor>Loads>Define Loads>Apply>Structural>Force/Moment>0n nodes

Carefully pick the nodes on the bottom line and then click OK in the picking window.

NOTE: To do this in more easy way, we can use select, line and associating nodes on this line.

Fi\select Entities ]
2l
sclectiines |
ILines 'l E
* pick {~ Unpick

IEy Nul‘l‘lﬂji[:k j # single ( Box
 Polygon ("~ girele
" Loop
% From Full
Count = 1
" Reselect Magimaw = 33
Minimam = 1
" Also Select line No. = 33
8 Unselect % List of Items
Sele All | Invert || e
Sele Nnne| Sele Belu| iy
oK | Apply | sway_|
Plot | Fleplul| peset | camces |
Cal’l[:ﬂll HE||J | Pick .iull Help |
nsll,s,1
nplot

This select all nodes associated with the line selected). Note that 41 nodes are selected (20

layersx2+1).
[m}

la

AR EAEE:

Ip
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Use menu-pltctrl-numbering and switch the nodes on to show the numbers of the nodes.

zl
[/PHUM] Plot Mumbering Controls

KP  Kevpoink numbers I~ off

LIME Ling numbers [~ off

AREA Area numbers [~ off

YOLU Yolume numbers [~ off

NODE Mode numbers

Elem [ attrib numbering IND rurmbering j
TABMN Table Mames [~ off
SYAL Mumeric contour values [~ off
[fMUM] Mumbering showen with |C0|0r5 & numbers ﬂ
[JREPLOT] Replot upan O Apply? [replat =l
oK Apply Cancel | Help |

Now we will apply the force to hole’s baseline.
Main Menu>Preprocessor>Loads>Define Loads>Apply>Structural>Force/Moment>0n nodes

~
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/ ANSYS Main Meru @
nces ; e
lessor o
ient Type
i i
::;.:.; [ Single
ling " Polygon (" Circle
‘king Ctrls " Loop
bering Ctrls
ive Model O oumt . =1
ling / Ceqn Maximum = 2731
‘RAN Set Up o
i-field set Up Hinimum = 1
Is MNode No. = 7E
nalysis Type e
ast Sol'n Optn {¥ List of Items
efine Loads
] Settings lF {" Min, Max, Inc
1 Apply
B Structural
Displacement
B Force/Moment
£ On Keypoints - spply
PAlOn Nodes
&1 On Node Compoi N amesl
From Reactions
From Mag Analy Pick ALl Help
e
[

Select F, direction, constant value and enter “-1/41” for load value, then click OK. Note that; force
is applied on the 41 nodes.

x

[F] &pply ForcefMoment on Modes

Lab Direction of Force/mom

,

Apply as ICDnstant walue j

If Constant walue then:

WALUE Force/moment walue -1)z21
O | Apply Zancel

T
€L
\t‘_

Select-everything. Eplot
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F\aNsYS Multiphysics Utility Me

= File Select List Plok  PlokChrls

QI Entities ...

it Component Managet ...

. ANSY Comp)Assembly k
| Parts ...

— Everything Below ¥
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Definition of Crack for FRAC3D \

Now, we need to provide crack tip element and node number information for FRAC3D analysis.
Zooming into the crack region, we can find which element and which nodes are located at the
crack tip. (See detailed crack tip definition requirements in this tutorial for which elements and
nodes to be selected). We need to identify the crack tip element on the bottom crack surface (with
respect to chosen local coordinate system) immediately behind the crack tip. Using, Select-
Entities-Elements, form the main menu (or Esel, p command) try to select the elements at the
crack tip. For this, move your mouse pointer near to crack tip region. We have to select the
element which is both at crack tip and on the crack surface.

Vplot

eplot

immediately behind the crack tip

Use menu-pltctrl-numbering and switch the nodes off to not show the numbers of the nodes.
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-

Select elements

* pick " Unpick
. Single o :Box

" Polygen " Cirele
i Loop

Count = z0
Maximum = 4380

Minimum = 1

Elem Mo. =

(* List of Items

[ Min, Max, Inc

A

-
IBy Num/Pick 'I

& From Full
" Reselect
" Also Select
" Unselect

Sele All |
sele Nunel Sele Eelul

0K | Apply |
Plot | Fleplut'
Cancel Help |

Invert |

Elements behind crack tip/front

Crack tip

front of
|:| crack tip

e

After element selection, we list the selected element and save the file for FRAC3D analysis. Use
Elist to see and save the list as a file.

mELIET Command

Eile

1 1

LIST ALL SELECTED ELEHEHTS.

ok HARMING: PRE-RELERSE YERSIOM OF AMSYS 11.0BETH
ANSYS, INC TESTING IS WOT CORPLETE - CHECK RESULTS CAREFULLY #+

ELEH HAT TYF REL ES% SEC

1

(LIST MODES)

HODES

5 23 A0 313 2080 6012
87 386 308 153 0%e S1dd
2081 6011 e2?7 GO&1
2090 6012 6270 SO6E 2070 014
1806 8184 8130 72 897 818t
2079 6013 6279 G063
2078 6014 6230 GOG4 207 6016
M7 9185 8140 F213 708D 9186
2077 6015 6231 GOAS

fi27
4139

62al
2140

f2a2
4141

S06z
7212

5064
1213

S066
7214

[

The element information (for the crack tip elements) is saved from the Elist window as ct2.crelems

Elements in

/
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x
File
LIST ALL SELECTED ELEHENTS. (LIST HODES)
*:NEE%N%HETEE Farkh Kaydet
’ Kot Ibth j - ﬁ
ELEH HAT Tt
11 - \)bin
Recent
21
i1
1 1
L1
o1
1
Dosya ad [ELET iy =
K.amik biirL: ILister Files [* lis) |

In addition to crack tip elements, we also need to select nodes on the crack front. To be able to
select the nodes of the crack front, it is required to select the crack tip line and then select the
nodes associated with this line. Using, Select-Entities-Lines, crack tip line is selected. Then, NSLL, S,
1 is used to select all the nodes along the selected crack front line. Using Nlist, we can see that the

crack front nodes numbers are: 18,2199,....

5 Academic Teaching Advanced Ukility m

Select List Plot PlotCirls & piex " Unpichk
,,7 Select Entities * Single " Box
= setect Entities R s
Q " Polygen (" Circle
S Toolk  |Nodes vl " Loop
Modes o -
E—DBl_ Elements EI ;axi:um T as
— —{Yolumes — O
_. r Minjmum = 1
Y5 hain s Line No. = 26
eferenc: | |Keypoints
{* List of Items
eproces [T Also Select
|Iut|0n r._ Unselﬂ[:t i Min, Max, Inc
rheral P i
neHistf _Sele Al | Invert |
pologic Sele Nnnt:| sele Belu|
(n) 4 Appl
M Tool “= 0 = | | aeery |
ESIQH DF Plot | Re |Dt| Reset | Cancell
ob Desi P :
Cancel| Help | Fick ‘ull Help |

wdiation
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Select crack front line

NSLL, S, 1
nlist
x
File

LIST ALL SELECTED WODES.  D3%8= 1 —

w# ||ARMING: PRE-RELERSE MERSION OF AMSYS 11.0BETH
ANSYS, INC TESTING IS HOT COMFLETE - CHECK RESULTS CAREFULLY #+

HODE ] Y £ THeY  THYE  THEW

18 0.40000E-01 0.30000E-01 0.0000 .00 0.00  0.00
1581  0.40000E-01 0.30000E-01 0.25000E-01  0.00  0.00  0.00
1582 0.40000E-01 0.30000E-01 0.12500E-02  0.00  0.00  0.00
1583 0.40000E-01 0.30000E-01 0.25000E-02  0.00  0.00  0.00
1584 0.40000E-01 0.30000E-01 0.3/500E-02  0.00  0.00  0.00
1585 0.40000E-01 0.30000E-01 0.50000E-02  0.00  0.00  0.00
1586 0.40000E-01 0.30000E-01 0.62500E-02  0.00  0.00  0.00
1587 0.40000E-01 0.30000E-01 0.7SO00E-02  0.00  0.00  0.00
1582 0.40000E-01 0.30000E-01 0.87/500E-02  0.00  0.00  0.00
1589 0.40000E-01 0.30000E-01 0.10000E-01  0.00  0.00  0.00

1590 0.40000E-01 0.30000E-01 0.11250E-01  0.00  0.00  0.00 _:J
00 1 4NINNF-M1 N 3A000F-N4 N 4%ENIE-N11 A Al nan 1 .an

The coordinates of the selected nodes (the crack tip nodes) are saved from the Nlist window as
ct2.crnodes
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mNLIST Command

x|
File:
LIsT Farkh Kaydet ?
MH'NE Konum: I@ of2 j - =k B
Ha \ikin
1
1
1
1
1
1
1
Dasya ade Ict2.cmndes| j K.aydet I
Fap tiirii: ILlster Filez [*lig] j iptal 4
4
Also using Select-Everything the whole element list is saved ct2.elis
Allisll,all
elist
Flass commana
File:
LIST ALL St ey Kaydet x|
HARHING: = :
R T Kanum: | ) ct2 x| = ®EckEr
ELEH HA® .2 bin
1
2
3
q
5
]
Diozpa ad: Ict2.elis - K.apdet I
K.zt tirli: ct2.elis_3d.crk = iptal |
3 elic 3 nen v

Also using nwrite all nodes are saved as ct2.node automatically in current working directory.

Eile Select List Flot PlotC)

0|2 gl 8| 8| | 2| Elnwie

SBCTRAN is used to transfer solid model loads and boundary conditions to the FE model. Loads and
\ boundary conditions on unselected keypoints, lines, areas, and volumes are not transferred.

/

61



FCPAS Tutorial — Version 1.0

sbct

mANS‘rS Academic Teaching Advanced Utility Menu

File Select List Flot FlotCl

oj=a|o| sl 2 2|

Using dlist displacement BC’s are saved as ct2.dlis

mDLIST Commang

File 21x
LIST CONSTRATNTS FOR § Kenum: | 3 ct2 - = ®EeEr

CURRENTLY SELECTED DOF

\)hin
& INRNING: PRE-RELERS
ANGYS, THC TESTING IS

HODE  LABEL RE
1z 0.000

Dospa ad: Ict2.dlis{ j Kaydet I
Kapt tirii | Lister Files [*is) | iptal |

g

And using flist the nodal loads are saved as ct2.flis

o
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Save DataBase |

Cave Databaze to Direcharies:
IETZ‘I::II:: d:h . Ailvashdeskiophctd
Cancel
ENER - =N
[= Documents and S
== ilpas 4IHE|I:I
= Desklop
= k3
Lizt Filez of Type: Dirives:
|Database Files [*db?) 7] | = d | Metwork.. |

Now, we completed all modeling steps in ANSYS™. Now, we can save the model and close
ANSYS™. We are ready to convert all the model information into FRAC3D format using the

converter program.
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T.2.3. Using converter codes for FRAC3D (Generation of ct2.geo File)

FRAC3D requires its model information in a specific format. To convert ANSYS™ model files into
FRAC3D format, we can use the convert_ansys_frac3d.exe program. The converter program can be
run by typing, its path in MSDOS prompt or from the “Geo File” tab from FCPAS. Both methods are

shown respectively.
T.2.3.1. Using convert_ansys_frac3d.exe

Run convert_ansys_frac3d.exe.

Using this exe file, we can obtain ct2.geo file, which contains
element connectivity, nodal coordinates, boundary conditions, loads, and crack information. The

following table shows the steps and input for the current problem.

Input Element Connectivity FileName > ct2.elis
Input Nodal Coordinate FileName > ct2.node
Input Boundary Conditions FileName > ct2.dlis
Input Nodal Forces FileName > ct2.flis

Input Pressure Loaging FileName >

Input Nodal Temperatures FileName >

If there is any temperature file, it’s
name is entered, otherwise hit return.

Input the corresponding mesh ID from the below list
1. 20 node quadratic- Hexahedorn (incl. mixed
mesh)

2. 15 node quadratic Pentahedron
3. 10 node quadratic Tetrahedron
4. 8 node linear Hexahedron

5. 6 node linear Pentahedron

6. 4 node linear Tetrahedron

1

How many cracks do you have? <Input 0 if no crack>

Select an Option for Crack Front Information Input
Input Files for Crack Front Nodes and Elements: 1
Input Crack Front Nodes and Elements Interactively: 2

Input file name of file for Cr. Fronts Elements

ct2.crelems

Input file name of file for Cr. Fronts Nodes

ct2.crnodes

Input Coordinate Axis for Crack Front Node Order 3
1for X, 2 for Y or 3 for Z Coordinate...

Are There SIF Constraints on The Crack Front? (Def:n) |y
Is The Constraint Along The Whole Crack Front or on f

Specific Nodes?
Along The Front: F, On Nodes: N

Input The Type of Constraint/K1: 1, K2: 2, K3: 3

Input the Value of SIF

Is The Constraint Along The Whole Crack Front or on
Specific Nodes?

< |O|N

~
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Along The Front: F, On Nodes: N

Input The Type of Constraint/K1: 1, K2: 2, K3: 3 3
Input the Value of SIF 0
Do you have a more SIF constrains? <Def:n> n

Generating The FRAC3D .geo File, Please Wait ...

Finalization Message

T.2.3.2. Using FCPAS

i FCPAS 1.0-1)Cracked Model Devoloped using ANSYS

File Help

ANSYS (TM) GEO File l RUN File ] Fracture Analysis ] Fracture Info } Post Processing | Visualization

Input Element Connectivity FileName> |C12_e|ig Browse
Input Modal Coordinate FileName: |d2_ngd3 Browse
Input Boundary Conditions FileName> |.;12_d|i3 Browse
Input Nedal Forces FileName> |.;12_ﬂi3 Browse
Input Pressure Loading FileName> | Browse
Input Nodal Temperatures FileName:> | Browse
Input the corresponding mesh ID from the list |2D node quadratic-Hexahedron {inc. mixed mesh) j
Select an Option for Crack Front Information Input |\npul Files for Crack Front Nodes and Elemerts j
—Files
Input file name of file for Cr. Fronts Elements |d2_cre|emg Browse
Input file name of file for Cr. Fronts Nodes |.;12_c;m0deg Hoowse
1 Add
ct2.crelems
ct2.cmodes Remove
All Remove
Input Coordinate Axis for Crack Front Nede Order
XY or Z Coordinate... X Y s
Avre there SIF Constraints on The Crack Front?
|Yes =l
—SIF P;
Is The Constraint Aleng The Whele Crack Frent or on Specific Nodes? ‘Along The Front ﬂ
Input The Type of Constraint:K1,K2 K3 Kl K VK Generate GED File
Input the Value of SIF ‘D
F 2 0 Add ﬂ
F 3 0
Remaove
All Remave

—Control Panel

ANSYS(TM)

Geo File

RUN File

Frac 3D

Fracture Info

Post Processing

Visualisation

- =

Input file names can be selected by “Browse” buttons. “Generate Geo file” creates ct2.elis_3d.geo
file. To go to “Run File” preparation, press “Next Step”.

T.2.4. Generation of *.run FILE

Now, we need to create a run file which is also required for FRAC3D. We use writerun_frac3d.exe
or FCPAS to generate *.run file (ct2.run file). The *.run file contains analysis type, material
properties, solver type tolerances, body forces and local coordinate data.

65




FCPAS Tutorial — Version 1.0

T.2.4.1 Using writerun_frac3d.exe

The following table shows the steps and input for this specific problem.

Enter CTE Values (XX,YY,ZZ) and Tref for Mat.#

Input Run File Name without ".run" (Include "_3d") ct2.elis_3d
Is This A Non-linear Analysis (y,n)?, (Default:n) N

Is This A Thermal Stress Analysis (y,n)?, (Default:n) N

Do you have temperature dependent material properties (y,n)?,

(Default:n)

Is This A Fracture Analysis? (y,n)?, (Default:n) y
Please Choose a Solver Type ... 1
Input "0" for Frontal Solver, "1" for PCG Solver'

Input the Tolerance for PCG Solver (1.E-8 Recommended)' 1.E-8
Input Number of Different Materials in The Model, (Default:1) 1
Input Ex, Ey, Ez, Gxy, Gyz and Gxz for Mat. Hit Enter
Input Nuxy, Nuyz, Nuxz for Mat.# Hit Enter

Input Number of Different Materials in the Model (Default:1

Input Integration Order for Enriched Elements

Do You Want to Use Transition Elements? (Default: n)

Is This A Generalized Plane Strain Problem? (y,n) (Default: n)

Do You Have Other Tied DOF Sets? (y,n) (Default: n)

How Many Sets Do You Have?

How Many Nodes to be Tied in Set#

Input Node Numbers and Tieing Direction (x:1, y:2, z:3)

How Many Nodes to be Tied in Set#

Input Number of Increments, Max. Number of Iterations
and Tolerance for Convergence(Default: 10, 20, 1.0E-6)

Does Material#,NM, Exhibit Elasto-Plastic Behavior (y,n)? (Default:n)

Input Initial Yield Stress and Number of Break-Points/Including The Initial
Yield Stress

Do You Want to Output The Results At The End of Every Increment? (y,n)
(Default:y)

Input Number of Increments for Which The Results To Be Printed

Input The Initial Temperature

Is Elastic Modulus of Material # Temperature Dependent? (y,n)

v

Is Poisson',""",'s Ratio of Material # Temperature Dependent? (y,n)
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Input Temperature and The Corresponding Poiss. Ratio Value for Point #

Is CTE of Material # Temperature Dependent? (y,n)

Input Number of Temperature Points and Tref

Input Temperature and The Corresponding CTE Values (x,y,z) for Point #

Is Yield Stress of Material # Temperature Dependent? (y,n)

Input Number of Temperature Points

Input Temperature Value for Set #

Input The Corresponding Yield Stress and Plastic Strain Values for Temp.
Set #', i3,' Stress Point #

Do You Have Body Force Loading ? (y,n), (Default:n)

Input Type of Body Force Loading ..."1: Gravity, 2: Centrifugal

Input The Acceleration

Input Direction Cosines of Grav. Loading Direction

Input Density for Material #

Input The Angular Velocity in Rd/Sec

Input The x,y,z Coord.s of The 1*' Point on The Rot. Axis

Input The x,y,z Coord.s of The 2" Point on The Rot. Axis

Do You Have Local Coordinate Systems To Be Included In The Analysis
(y,n)?, (Default:n)

How Many Coordinate Systems Will Be Defined?

Do You Really Want to Exit ? (y,n)

Input The Initial Temperature'

Is Elastic Modulus of Material # Temperature Dependent? (y,n)

Input Temperature and Elastic Moduli (Ex,Ey,Ez,Gxy,Gyz and Gxz) for
Point #

Is Poisson',"",'s Ratio of Material # Temperature Dependent? (y,n)

Input Temperature and The Corresponding Poiss. Ratio Values Nuxy,
Nuyz, Nuxz for Point #

Input Temperature and The Corresponding CTE Values (x,y,z) for Point #

T.2. 4.2 Using FCPAS for *.run FILE

Parameters can be selected by clicking the objects in the tab. “Generate Run file” creates

ct2.elis_3d.run file.
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/ i FCPAS 1.0-1)Cracked Model Devoloped using ANSYS

geE )

File Help
ANSYS {TM}] GEO File RUN File l Fracture Analysis ] Fracture Info ] Post Processing | Visualization

FGM Properties(E(x)=ED.exp(Beta ), Mu(x)=Nul.expleta.x) Alpha(x)=Alphal.exp(w.x))

Run File Name without *.run” |c,12 elis
Analysis Type " Linear " MNonlinear | Thermal Stress |+ Fracture I~ FGM
Solver Type | " Frontal % PCG Tolerance—> |1_e-S
—Material Properties
Number of different Material in The Model |1
Ex Ey Ez Gy Gyz Gxz Nwey Nuyz Nuwa Behaviour
[327 \ [ [ 03 [~ Orthotropic [~ Elasto Plastic

| |
| | | | l_ ’_ ’_ I™ Orthotropic [ Elasto Plastic
| ‘ | | | | l_ ’_ '_ I~ Orthotropic |~ Elasto Plastic

How many DOF do you have?

[~ Temp Dependet Material Property
How many nodes -

Initizl Temperature

MNode number and direction Txlly Wz ™ E of Material 1 is temperature dep.
Temp. Points ’_ Ex By Ez.Gx,Gy.Gz

[~ Have Body Force Loading ™ Muof Material 1 is temperature dep.
Type of Body Force Loading % Gravity " Centrifugal Temp. Points ’_ Nuse, Nuy, Nuz
The Acceleration

Input Lhirection Cosines of Grav. Loading | CTE temperature depended.
Direction (wrt Global Coord. Sys ) The Number of temperature points

[ Do You Have Other Tied DOF Sets CTE Values (}X{YY.ZZ) and Tref

—
e
—

Second on Auxis 111 Temperature and corresponding
Density o Matenal CTE Values(x,y.z points) for point 1

[~ Have Local Coordinate Systems Integration Order |2"~l

Input Number of Increments ,Max. Number of

To go to “Frac3D” tab, press “Next Step”.

T.2.5 RUNNING FRAC3D
T.2.5.1 Using frac3d.exe

To run the FRAC3D, three kinds of input files are required;

*.run (compulsory)
*.geo (compulsory)
*.tem (optional)

FRAC3D gives the results in the following output files;

*.out
* str
*.stn
*.crk

How many coordinate system ————| ¥ Use Transition Element/” Generalized Flane Strain Problem

CSYS ID no, THXY THYZ THXZ angles lterations and Tolerance for Convergence ,_ ’— ’—

[ Show The Results At The End of Every Increment?

—Control Panel

99 % WATERTAL THFORMATTON

0. 10000000E -07
0, 300O00E <08 0. 3000000
0.115384620+08
0.30000 030000 0.

CHT THERMAL LADDING
a

ANSYS(TM)

Geo File

RUN File

Frac 3D

Fracture Info

Post Processing

Visuslisation

-

—p

Generate RUN File

¥
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Now, we are ready to run FRAC3D. To do this we can use frac3d.exe. When running FRAC3D, geo\
and run files names have to be entered. The following table shows the steps and input for this
specific problem.

Input Run File Name without ".run" ct2.elis_3d
Input geo File Name without ".geo" ct2.elis_3d
Input ter File Name without ".ter" Hit Enter

As a result, *.crk file is created like this:

FRACTURE MECHANICS INFORMATION

ct2.elis_3d.crk
24 X 24 X 24 INTEGRATION IS USED FOR ENRICHED CRACK TIP ELEMENTS
TRANSITION ELEMENTS ARE INCLUDED IN THE ANALYSIS

CRACKNO: 1
CRACK TIP NODES:
18 2200 2201 2202 2203 2204 2205 2206 2207 2208
2209 2210 2211 2212 2213 2214 2215 2216 2217 2218
5715 5716 5717 5718 5719 5720 5721 5722 5723 5724
5725 5726 5727 5728 5729 5730 5731 5732 5733 5734
2199

CRACK IN AN ORTHOTROPIC MATERIAL

K1 K2

K3

18 0.1643408E+04 0.0000000E+00 0.0000000E+00

2200
2201
2202
2203
2204
2205
2206
2207
2208
2209
2210
2211

0.1789624E+04
0.1939526E+04
0.1971490E+04
0.2004858E+04
0.2033197E+04
0.2061087E+04
0.2078518E+04
0.2095062E+04
0.2108352E+04
0.2120820E+04
0.2130562E+04
0.2139531E+04

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
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2212
2213
2214
2215
2216
2217
2218
5715
5716
5717
5718
5719
5720
5721
5722
5723
5724
5725
5726
5727
5728
5729
5730
5731
5732
5733
5734
2199

18
2200
2201
2202
2203
2204
2205
2206
2207
2208
2209
2210
2211
2212

0.2146679E+04
0.2153085E+04
0.2158029E+04
0.2162254E+04
0.2165264E+04
0.2167572E+04
0.2168789E+04
0.2169318E+04
0.2168789E+04
0.2167584E+04
0.2165264E+04
0.2162278E+04
0.2158029E+04
0.2153123E+04
0.2146679E+04
0.2139585E+04
0.2130564E+04
0.2120897E+04
0.2108353E+04
0.2095165E+04
0.2078529E+04
0.2061253E+04
0.2033191E+04
0.2004985E+04
0.1971658E+04
0.1939746E+04
0.1789692E+04
0.1640899E+04

G1 G2

0.3858269E-04

0.4575365E-04
0.5373944E-04
0.5552534E-04
0.5742077E-04
0.5905559E-04
0.6068684E-04
0.6171768E-04
0.6270406E-04
0.6350212E-04
0.6425540E-04
0.6484707E-04
0.6539416E-04
0.6583186E-04

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

G3

0.0000000E+00

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

GTOT

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

0.0000000E+00  0.0000000E+00

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
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2213
2214
2215
2216
2217
2218
5715
5716
5717
5718
5719
5720
5721
5722
5723
5724
5725
5726
5727
5728
5729
5730
5731
5732
5733
5734
2199

0.6622536E-04
0.6652986E-04
0.6679059E-04
0.6697667E-04
0.6711955E-04
0.6719491E-04
0.6722773E-04
0.6719491E-04
0.6712029E-04
0.6697667E-04
0.6679210E-04
0.6652987E-04
0.6622771E-04
0.6583189E-04
0.6539746E-04
0.6484716E-04
0.6426004E-04
0.6350218E-04
0.6271023E-04
0.6171833E-04
0.6069664E-04
0.5905523E-04
0.5742809E-04
0.5553480E-04
0.5375165E-04
0.4575709E-04
0.3846499E-04

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

T.2.5.2 Using FCPAS to run FRAC3D

Select the ct2.elis_3d.geo, ct2.elis_3d.run, and ct2.elis_3d.tem (if required) files by browsing and

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00

press run button to run the Frac3D.exe in the background.

0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
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& FCPAS 1.0-1)Cracked Model Developed using ANSYS
File Help

ANSYS (TM) | GEO File | RUN File  Fracture Analysis | Fracture Info | Post Processing | Visualization

r—Control Panel
RUN File Name |ct2.els_3d Browse |
GEQ File Name |c12.e|\sjd Browse I
[~ Thermal Analysis?
TEM File Name |
Browse |
Mumber of Processors to be Used 2 LLSL ANSYS(TM)
Geo File
Do you accept License Agreement? * Yes " Mo ¢ Emrizs B ED | RUN File
Fracture Analysis
Fracture Info
N -
FCPAS Solver ffostbiocessing
Visualizati
Fracture and Crack Propagation Analysis System [Sush=ahon

LICENSE TERMS &= =)

Copyright 2010 Ali O. Ayhan, ayhan@sakanya.edutr

Pemission is hereby granted. free of charge. to any
person obtaining a copy of this software, its al
subconstituents and the associated documentation files
{the "Software"), for the rights to use, copy, merge software,
and publish resultsfrom the Software subjected to the following condtions:

* Usage of the Software is pemissible and freely available

UNDER THE CONDITION THAT THE SOFTWARE.

INCLUDING APPROPRIATE SUBCONSTITUENTS, REMAIN UNDER COPYRIGHT
OF THE RESPECTIVE AUTHOR(S) AND THE SOFTWARE IS NOT

DISTRIBUTED TO ANY OTHER THIRD PARTIES.

* Usage of the Software for private use, research, publication
and education 15 FERMISSIBLE.

<

After FRAC 3D run ends, output files can be viewed in the “Fracture Info” tab. In the “Fracture Info”
tab, you can browse anyfile to see its content and plot the K3, K, and K3 data in an x-y plot.

To plot the K3, K> and K3 data, just press “Plot SIF’s” button.
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i FCPAS 1.0-1)Cracked Model Devoloped using ANSYS = \

File Help
ANSYS (TM) | GEO File | RUN File | Fracture Analysis  Fracture info | Post Progessing | Visualization

In this section, you can view contents of output files and plot stress intensity factors along crack front.

OpenFile: C:\Documents and Settings\Admin'Deskioplexamples'ct?ict? elis_3d.crk Plot S1Fs -
k -
ct2_elis_3d.crk |I
3000 3000
/_..f-- ——----—...__\
/ B,

2500 1—4# o 2500
)
o 2000 2000
=
2
@
2
7]
2 1500 1500 - Ki
g - K3
3
8 1000 1000
w1

500 500

0 0
1
Nodes

Total Node : 21

K, value is Mode —I crack stress intensity factor along the crack front and depends on both load and
crack geometry as follow (plane strain conditions) [4];

P

a
K =—2 f(=
where
a a a 2 a : a !
(2+j O,886+4,64—13,32(j +14,72[J —5,6()
f(a) W W W W W
W’ 2\’
-3)
W

Po=Load as determined in P-v diagram, B=Specimen thickness, W=Specimen width, a=crack length.

K1
a[m] W [m] a/W f(a/W) B [m] Pq [MN] [MPaEm]
2.75E-02 5.00E-02 0.55 11.36428629 | 0.025 1.00E+00 2032.90533
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Frac3D gives K;=2147 MPalim. We can use the K; value at the mid thickness location. Difference is

2147 — 2032.90533

=0.056 = %5.6

2032.90533

T.2.6 POSTPROCESSING of FRAC3D Results Using movieassembly.f

ji#¥ FCPAS 1.0-1)Cracked Model

Devoloped using ANSYS

~

File Help

ANSYS (TM) | GEO File | RUN File | Fracture Analysis | Fracture Info Post Processing | Visualization |

T.2.7 Visualization

RUN File Name ct2.elis_3d Browse |

GEO File Name W Browse
y . Create

How Many Different Materials Do You \Want To See? |4

Input i Material ID Numbers 1 I : I

Do You \want to Prepare Animation File? No d

of FRAC3D Results

r—Control Panel

=

ANSYS(TM)

Geo File
RUN File
Frac 3D

Fracture Info

Post Processing

Visualisation

- =
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/ T Fepas 1.0-1)Cracked Model Devoloped using ANSYS (=] \

File Help
ANSYS (TM) | GEO Fils | RUN Fis | Fracturs Analysis | Fracturs Info | Post Procsssing  Visualization |

—Control Panel
Choose whether to draw an cutline before deformation Yes e
Input the scaling factor for displacement "H}I}I}i !
‘which scalar to be displayed? ’m‘ ’ i
Do you want to change range? Yes -
from ’H to 'E
Input the zooming scale 1 ANSYS(TM)
Show Results Geo File
RUM File
Frac 3D

ﬁ Fracture Info

Past Processing

Visualisation

- =

VTK sofiware Usage is Limited To This Copyright

http:/iwwew vtk.org/VTKiproject/license. html

To see the Cracked Model results, choose the parameter you would like to contour plot and press
“Show Results” button.
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" Visualization Toolkit - Win320penGL #1

=% \

a0
i
2002+005
LaZar0us
lgdzr i3
LadSzr0d3
125005
LOYa+0035
PR/ ER D]
Ay Bi/E]
Sddzrlild
Jgadzr Ol
L2000

9.000
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Appendix A Definition of Crack in FRAC3D \

In fracture analysis of solid structures, FRAC3D uses special 3-D enriched crack tip elements.
The enriched elements are defined as the finite elements that have common border with the crack
front. In FRAC3D, the crack is defined by the nodes along the crack front and the enriched
elements on the bottom crack surface (with respect to the local orientation of the crack tip). The
current version of the program interacts with FRAC2D and the converter program determines the
crack front nodes automatically. On the other hand, the enriched element numbers as reference
elements along the bottom crack surface is needed. These element numbers must be added to
next line after the crack tip node numbers (at the end of the *_3d.geo file) in the order that the
crack tip node numbers are listed, i.e., from back face of the model to front face. Examples 1 and 2
provided below explain the procedure. Alternatively, if 3-D *.geo file is prepared by translating the
external list files from ANSYS (section 2.1.2 in this report), then users should prepare the crack tip
node files and reference element files in ANSYS, the ANSYS-to-FRAC3D program would
automatically add these fracture information into the *.geo file. Example 3 illustrated the
definition of a curved crack tip.

EXAMPLE 1

2-D
.
Bottom Surface
nel3d=446
nlayer=s nel3d=447
nel3d=(nel2d-1)*nlayer+ilayer AREES nel3d=448 3-D
'''' nel3d=449

nel3d=450
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/ EXAMPLE 2

2-D
v’ Bottom Surface
nel3d=106
nel3d=107
3-D

nel3d=108

nlayer=3

nel3d=(nel2d-1)*nlayer+ilayer

For the latter case, for example, the element number information shown in the rectangle
must be added by the user to the “*_3d.geo” file as shown below.

C*** FRACTURE MECHANICS DATA

1

10 120.00000000
431 2829 2830 1607 3455 3456 3101 4201 4202 3800
06 107 108

=

C*** J-INTEGRAL PATHS
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EXAMPLE.3.Two-Dimensional Mode-I Central Elliptical Crack in a Large Isotropic Medium

T.3.1 Problem Description

Develop a new problem case in the tutorial with the following data: A three-dimensional elliptical
surface crack (a/c=0.3) in a finite-thickness plate under uniform tension with 2H x 2W x t (height x

width x thickness), where H = W = 5c and t = 2a. compare your results from FRAC3D/FCPAS with

those of Newman and Raju's surface crack formula.

ST Symetric BC
’ A a
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-

In  the ANSYS™ tab of the FCPAS, we browse “"C:\Program Files\ANSYS
Inc\v120\ansys\bin\intel\launcher120.exe”.

i FCPAS 1.0-1)Cracked Model Devoloped using ANSYS mE x|
File Help
ANSYS (TM) IGEO File: 1 RUMN File ] Fracture Analysis ] Fracture Info 1 Post Processing ] Visualization ]
. . . . —Control Panel
1- First, we browsed ANSYS TM executable file with its parameters.
ﬂl |C:'-.Pr\:|g|7-.|m Files"ANSY'S Inc'w120%ansys \binintel\launcher120.exs
2- To run, press it. __ Rnmisrs | (Changeorking Birecoey
Browse | | h
ANSYS(TM)
Also, we may want to run ANSYS TM from its product launcher. e
RUN File
Frac 3D
‘wlorking Directory Fracture Info
| Pest Processing
FCPAS Software Path Tesmlenton
- =

Figure T. 7 ANSYS™ tab of the FCPAS
T.3.2 Generation of the Finite Element Model within the ANSYS™ Preprocessor

First of all, we must take into account the problem type, which is plane strain. Also, due to
the symmetry of the problem, only analysis of a quarter model is needed. We will model this two
dimensional problem using one-layer (in the out-of-plane direction) three-dimensional elements.
To do this, we will first mesh the back face of the domain with area (2D) elements and extrude the
mesh into the third direction. To do this, we will use PLANE82, SHELL 281 and SOLID95 elements
from the ANSYS™ element library [3]. Note that ANSYS™ Help is very useful tool to identify and
select the suitable elements for the problem of interest (Figure D.6).

Preprocessing

Change Directory

Before starting the model, create a folder in which you would like to work&change directory to this
folder.
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2 I

Change Working Directory

Ci\Documents and SettingsiUslyiDeskiopla_c 0.3

Ia_u:_IZI.S
50405 B
43 0.4-0.8
File Select List Plot Plot - 1-0.2 e
1 J 1'|:|.5
Clear & Start New .. E-) 1-0.8
Change Jobname .. ---:n igg
- . -0,
Zhange Directory ... g 2.0.8
Change Title ... -1 e
.= A lnn anain ;I

- Resume Jobname.db ..

Resume from ... Tamar | tpal |

Give the Job a Name
Utility Menu>File>Change Jobname...
Enter a name, for example “a_c_0.3"' and click on OK.

mnmsvs Academic Teaching Advan

File Select List Plot Plc
Clear & Start New .

Change Directory .
Change Title .

i

[JFILMAM] Enter new jobname | a_c_0.3 |

Mew log and errar files? [ Ma

O | Zancel | Help |

Define Element Type

Main Menu>Preprocessor>Element Type>Add/Edit/Delete

This brings up the 'Element Types' window. Click on the Add... button. The 'Library of Element
Types' window appears. Highlight “PLANE82-8 node 95” Shell 281 and “SOLID95-20 node 93 95”.
Click on OK or in command line, use (ET,1,95), (ET,2,93).

/
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ﬂ ANSYS Academic Teaching Advanced Ukility Menu (CC3)

File Select List

O

\NSYVS Command Line _

nuCtrls  Help

/

Define Material Properties

Main Menu>Preprocessor>Material Props>Material Models
On the right side of the "Define Material Model Behavior' window that opens, double click on
“Structural', then “Linear', then “Elastic', finally ‘Isotropic'. Enter in values for the Young's modulus
(EX = 200E9) and Poisson's ratio (PRXY = 0.3) of the plate material.

MP,EX,1,200e9

MP,PRXY,1,0.3

File Select List Plot  PlokCtrls WorkPlane Parameters Macro MenuChrs  Help

=181

G| | 43| | ¥

ANSYS Toolbar

55

‘ savE_o6| REsuM_DB| qurT| PowrreH|

Material Edit Favarite Help

ANSYS Main Menu

EEl Preferences
3 Preprocessor
Element Type
Real Constants
E Material Props
Material Library
Temperature Units
E Blectromag Units
8
E convert ALPx
Change Mat Num
Write to File
Read from File
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FLOTRAN Set Up
Multi-field Set Up
Loads
Physics
Path Operations
Solution
General Postproc
TimeHist Postpro
Topological Opt
ROM Tool
DesignXplorer
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
[ session Editor

1+ I

=10l

[~ Material Models Defined [~ Material Models Available

Favorites
& Structural
& Linear

8 Elastic

——
© Orthotropic
€ Anisotropic
Nonlinear

§ Density
Thermal Expansion
Damping

=] @1 Frirtine Coskficiant

il

FilLinear Isotropic Properties for Ma

Linear Isotropic Material Properties For Makerial Mumber 1

Tl

Temperatures
23 2005

PR=Y

Add Tempsraturs | Delsts Tempraturs| Graph

oK | Cancel | Help |

3

| Pick a menu item or enter an ANSYS Cammand (PREFT)

mat=1 kype=1 real=1 sys=0 secn=1

Modeling

Preprocessor-Modeling- -Create- Volume Block-By Dimensions

i [ YCreate Block by Dimensions []

[BLODK] Craate Block by Dimensions

H1,2 N-comdnates -\
¥1,¥2 Y-cowdnabes
71,72 T-coondnabes _
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M i Fera

= rrelererees =
0 Prepredessos
&l Element Type
[ Rl Conctant s
E Materisl Praps
[E Seckies
= Modeling
= Create
Bl Dprale
[ Exbrude
M Ent e Line
[ Boode ais

We must be choose the Workplane-offset WP with — keypoints on upper X Y surface

¢ pick ¢ Unpick

v Single " Bax

" Dolygon " Circle
i Loop

Coumnt =
Maximum =

Minimum =

nmn = O

EeyP No. =

{* List of Items

. Min, Max, Inc

%

Apply |
Reset | Cancel |
Pick Alll Help |
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/ Ansys Command Prompt (Iplot)

ks orkA

LPLOT, ML1, MLZ, MIMC

‘ ﬂ B plod

Creating elliptic Crack

Preprocessor-Modeling-Create-Lines-Arcs-By Cent & Radius
First, we must create a circler =0.3

AMNIYS Main Menu

@
Preferences 1=
= Preprocessor
Element Type
Real Constants
Material Props
Sections
E Modeling
E Create
Keypoints
E Lines
Lines
E Arcs
A1 Through 3 KPs
A1 By End KPs & Rad
2
27 Full Circle
Splines
A Line Fillet
Areas
Yolumes
Modes
Elements
Contact Pair
Piping Models
Circuit
Racetrack Coil
Transducers
Dperate
Mowe [ Modify
Copy
Reflect
Check Geom

Arc by Center & Radi

{* Pick " Unpick
Count = 1
Maximum = Z
Minimum = Z
WP = 0_ak5

T = 0_ak5
Global X = 0_ak5
T = 0.0k

2 = =

{* WP Coordinates

{" Flobal Cartesian

[o.3
OE I Apply |
Reset | Cancel |

Heln |

Delete

Then we delete the lines by Delete-lines and below...
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-

AMSYS Main Menu

Preferences -
= Preprocessor

Element Type

Real Constants
Material Props
Sections

Modeling

Create

Operate

Mowe / Modify
Copy

Reflect

Check Geom

= Delete

A Keypoints

Z1 Hard Points

A Lines Only

=
A Areas Only

A Area and Below
A ¥Yolumes Only
A ¥Yolume and Below
1 Nodes

A Elements

1 Pre-tens Elemnts
Del Concats
Cyclic Sector

CMS

Genl plane strn
Update Geom
Meshing

Checking Ctrls

Preprocessor-Modeling-Operate-Scale-Lines
We must select % crack line and apply scale

ANSYS Main Menu D]

E preferences S
El Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
Create
& Operate
Extrude
24 Extend Line
Booleans
B Scale
21 Keypoints

#1 Areas
1 ¥olumes
Nodes
Calc Geom Items
Move / Modify

Check Geom
Delete

Cyclic Sector
M5

E Genl plane strn
E] update Geom
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn

FiYscale Lines

[LSSCALE] Scale Lines
F%,RY¥,RZ Scale Factors -

- in the active coordinate system

KIMC  Keypoink increment

Delete e and Belo

& pick  Umpick
i Single " Box
 Polygen  ( circle
i Loop

Couant = =
Maximuam = 1e
Minimuam = 1

Line HNo. = 1e

*+ List of Items

i Min,

Max, Inc

OE I Appliy |
Reset | Cancel |
Pick &A11 | Help |

Jé.3333333334j>| 1

[

NOELEM Ikems to be scaled

TMOVE Existing lines will be

Ok Apply

ILines and mesh 4

< >

Cancel | Help
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We must be delete the quarter part of the circle ANSYS Command Line /repl. We offset to the
workplane to the centure of the model

And we use Workplane-Offset WP with — keypoints

% pick L Tnpick

v Single " Baox

e Polygon (" Cirele

- Lioog

Count = 1
Maximum = 10
MHinimum = 1
EeyP No. = 10

{* Liszt of Items

i Min, Max, Inc

O I Apply |

Beset | Cancel |

Pick all

Help |

86




FCPAS Tutorial — Version 1.0

/ And we use Offset workplane by increments

Shaps
% Z Offgets

Degrees
BV, ZX Anglex

|

Global#= 0
= 03
z=

[y}

[ Dynamic Mode

Apply |

Create Keypoints on Wp
Preprocessor-Create-Keypoints-On Working Plane...
We are going to create 5 key points given in the following table:

Keypoints | X(m) | Y(m) | Z(m)

11 0 -0.03 | 0

12 -0.03|-003|0

13 -0.03 | 0 0

14 -0.030.03 |0

15 0 003 |0
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/ ANSYS Main Menu &)

Preferences - iRk Cilopick

= Preprocessor
Element Type
Real Constants
Material Props

(7Y -
Sections ¥ -
B Modeling Global ¥ =
E Create ¥ =

B Keypoints Z =

P2R0n Working Plane|

1011;:::.: s " Global Carcesisn
&1 On Line w/Ratio
&1 On Node

F1 EP between KPs

A Fill between KPs ﬂ,
KP at center Razet | Cancel

Hard PT on line
Hard PT on area
Lines
Areas
Yolumes
Nodes
Elements
Contact Pair
Piping Models

Circuit
Racetrack Coil
Transducers

Operate
Move ;/ Modify
Copy

' NP Coordinates

Create Lines
Preprocessor-Modeling-Creat-Lines-Straight Lines

This is required to create the models boundary lines, successively like first 11 to 12, 12 to 13, 13 to
14, 15 to 10, 10to 11 and finally 10 to 13..

ANSYS Main Menu (&)

E preferences 7]
El Preprocessor
Element Type

Real Constants Create Straight Line
Material Props
& pi
Sections e ™ Unpick
El Modeling _—
E Create * gingle { Box
Keypoints &  Polygon  { girole
E Lines ) Loop
B Lines
P2Rotraight Line| Count. = 0
Aln Actlye Coord Meximam =
A Overlaid on Area 11 s _
A Tangent to Line z WS il =
A Tan to 2 Lines 1375 HeyP No. =

A Normal ko Line
21 Norm to 2 Lines N (* List of Items
2 At angle to line gx
A Angle to 2 Lines

Arcs

Splines

A Line Fillet

Areas

1114 Apply
Nodes
Elements Beset Cancel |
B Contact Pair
g Models Pick ALL Help |
Circuit

E racetrack Coil
Transducers

k Operate

 Min, Max, Inc

|
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Create Lines

Preprocessor-Modeling-Creat-Areas-Arbitrary-By Lines

Pick all lines (Click OK in the picking window).

ANSYS Main Menu

Preferences
E Preprocessor
Element Type
Real Constants
Material Props
Sections
E Modeling
El Create
Keypoints
Lines
El Areas
Bl Arbitrary
A Through KPs
A Overlaid on Area
Bk Lines
2 By skinning
A By Dffset
Rectangle
Circle
Polygon
1 Area Fillet
Yolumes
Nodes
Elements
B contact Pair
Piping Models

Racetrack Coil
Transducers
Operate

Reflect

@

Preprocessor-Modeling-Operate-Extrude-Areas-Along lines
First, we choose small areas and click Apply Button. After choosing line click Ok.

AMNS'YS Main Menu

@

B Preferences
= Preprocessor
Element Type
Real Constants
Material Props
Sections
E Modeling
Create
E Operate
= Extrude
Elem Ext Opts
& Areas
1 Along Normal
21 By XY2 Offset
1 About Axis
Pk long Lines
Lines
Keypoints
2 Extend Line
Booleans
Scale
Calc Geom Items
Move / Modify
Copy
Reflect
Check Geom
Delete
Cydic Sector
CMs
B Genl plane strn
Update Geom
Meshing
Checking Ctrls

@

“tn

Create Area by Lines

* pick (" Unpick
i+ zingle (" Eox

C Ealygon  pirele
" Loop

Count = 1
Maximam = 20
Minimum = 2

Line No. = 19

@ List of Items

" Min, Max, Inc

|

Apply
Cancel
Pick ALL Help

Reset

il

Sweep Areas along Li

% Dick " Unpick
% Singla ( Box

" Polygem ¢ Cirele
" Loop

Count = 0
Maximum = 17
Minimum = 1

Area No. =

(¥ List of Items

 Min, Max, Inc

—

o |
Razet | Cancel |
Pick Alll Help |
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/ Ansys Command Prompt (Iplot)

Sl | FLOT, ML, ML2, NINC

‘ ﬂ B plod

and than Delete-Line and below choose the line

ANSYS Main Menu

i pick = Unpick

Preferences
= Preprocessor
Element Type

Real Constants
Material Props
Sections

i Single " Box

" Polygon (" Ccircle

i Loop
E Modeling
Create E— R
Operate )
Move / Modify Loz ranil g
Copy Minimam = 1
Reflect Line No. = 13
Check Geom
B Delete R {* List of Items
A Keypoints
21 Hard Points " Min, Max, Inc
A Lines Only
P2k nc and sciow I
21 Areas Only

Z1 Area and Below

21 Yolumes Only

Multiple_Entities

1 ¥olume and Below T i e ot 0K Apply |
Nod ere are 2 Lines at this location.

; EI?:nf:nts “Ficked Ling is 137 Deset |

Continue picking or select 0K, PREY or NEXT

Cancel

1 Pre-tens Elemnts

Pick All il
Del Concats Ok I Prey | Mext

Al

Cyclic Sector
M5

Ansys Command Prompt (allsel)

anced Utility Menu {a_c_0.3)

Ansys Command Prompt (nummrg,kp)

ks NUMMRG, Label, TOLER, GTOLER, Action,

B rurnimirg ko

II_I
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Ansys Command Prompt (aplot)

mANS‘ES Academic Teaching Advanced Utility Menu {a_c_0.3)

R e = LL® | 0T, NAT, NA2, NINC, DEGEN, SCALE

TR -

AMNSYS Toolbar ANSYS Help

_ Select line In cevabi yok Komut ve resmi silinmeli
td Utility Menu (a_c_0.3})

Preprocessor-Modeling-Operate-Booleans-Substract-Volumes
First we choose the all volume to pick apply and than select crack area to delete

Ansys Command Prompt (vsbv,p)

mANS‘ES Academic Teaching Advanced Utility Menu {a_c_0.3)

SERO, KEEFPT, KEEPZ

NEFEEER

ARSYS Toolbar

Suhtract ¥Yolumes with Options E

[v3EM] Subtract Yolumes with Options

SEPC Intersect bndry will have IShared ankities j

KEEP1 Base wolumes will be IDeleted j

KEEPZ Subtracted wals will be

0] 4 | apply Cancel | Help |
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ANSYS Main Menu @

Preferences - LEELS
= Preprocessor

Element Type TYPE NUM

Real Constants
Material Props
Sections
= Modeling
Create
= Operate
Extrude
A Extend Line
El Booleans
Intersect
Add
E Subtract
Al olumes
A Areas
A Lines
With Options
Divide —
Glue
Overlap
Partition
Settings
Show Degeneracy
Scale
Calc Geom Items
Move / Modify
Copy
Reflect

Ansys Command Prompt (allsel)

PlotChrls  WorkPlane  Parameters |

o] ] B

Ansys Command Prompt (vplot)

kChrls  WorkPlane  Parameters [

@ ﬂ gvplnt
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f ANSYS Main Menu &

Preferences = VOLUNES
= Preprocessor
Element Type
Real Constants
Material Props
Sections
E Modeling
Create
E Operate
Extrude
2 Extend Line
E Booleans
Intersect
Add
B Subtract
A
A Areas
A Lines
With Options
Divide ]
H Glue
Overlap
Partition
Settings
Show Degeneracy
[ Scale
Calc Geom Items
Move  Modify
Copy
Reflect
Check Geom
Delete
Cyclic Sector

TYPE NUH

Ansys Command Prompt (Iplot)

ks orkA

Kd

LPLOT, ML1, MLZ, MIMC

Ansys Command Prompt (allsel)

PlotChrls  WorkPlane  Parameters |

o] ] Bl

Ansys Command Prompt (nummrg,kp) (no keypoint were merged)

ctrls  WorkPlane  Parameters |

] il Enummrg,kﬂ
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f Ansys Command Prompt (vplot) \

kChrls  WorkPlane  Parameters [

@ ﬂ gvplnt

ANSYS Main Menu &

3

Preferences
E Preprocessor
Element Type TYPE NUM
Real Constants
Material Props
Sections
E Modeling
Create
B Operate
Extrude
A Extend Line
E Booleans
Intersect
Add
B Subtract
A
A Areas
A Lines
With Options
Divide =1
Glue
Overlap
Partition
Settings
Show Degeneracy
Scale
Calc Geom Items
Move / Modify
Copy
Reflect
Check Geom
Delete
Cyclic Sector

— VOLUMES

Ansys Command Prompt (kesize,p) and we choose to WP

I workPlane Parameters |

ﬂ Ekﬁsizejpl

To obtain accurate fracture solution, we need to generate fine mesh near the crack tip. For this, we
can use the KESIZE command to specify element size at the crack tip keypoint. First zoom into the
crack tip region.

N J
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Elem Size at Picked KP

% pick r Unpick

v Single " Bax

" Polygon (" Circle
(' Loop

Count
Maximam
Mird mum

EeyP MNo.

fe List of Items

i Min, Max, Inc

Apply |

Eeset Cancel |

Pick All Help |

mElement Size at Picked Keypoints
[KESIZE] Element size at picked keypoinks

SIZE Element edge length h.003

Show mare opkions

Ik | Cancel | Help |

Ansys Command Prompt (lesize,p)

s orkPlane  Parameters  Mao

ﬂ E lesize,
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ced Utility Menu (a_c_0.3

lotCirls  WorkPlane Parameters Macro MepuCtis Help

=

OUITI POWRGRPH

mEIement Sizes on Picked Lines

[LESIZE] Element sizes on picked lines
SIZE  Element edge length

MDY Mo, of element divisions

(MDIY is used only if SIZE is blank or zero)
KNMDIY SIZE,MDIY can be changed W ‘fes

SPACE Spacing ratio

AMNGSIZ Division arc {degrees)

{ use AMGSIZ only if number of divisions (MDIVY and
element edge length {SIZE) are blank or zero)

Clear attached areas and volumes

.

Mo

Ok, | apply Cancel Help

Size Controls
Preprocessor-Meshing-Size cntrls-Manual Size-Global-Others
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ANSYS Main Menu )

Preferences o
= Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
= Meshing
Mesh Attributes
MeshTool
= Size Cntrls
SmartSize
El ManualSize
Bl Global
Size
Area Cntrls
Yolu Cntrls

Keypoints
Layers
Concentrat KPs 1
Mesher Opts
Concatenate
Mesh
Modify Mesh

mﬂther Global Sizing Options

[DESIZE] Other Global Sizing Options

These settings are for mapped meshing and while
not recommended can be used For Free meshing when

Smarksizing is off,

Minimum number of divisions per line

MIMNL For lower-order elements

MIMNH For higher-order element

Maximum number of divisions per line

MHXEL For lower + higher-order

Maximum spanned angle For arcs

AMGL For lower-order elements [

AMGH For higher-order element 258

Elerent size (edge length)
EDGMM Minimum edge length

EDiGME Maximum edge length

Target aspect ratio for adjacent line

ADIF For free meshing

ADIM For mapped meshing 20

LT

(o] | Cancel | Help
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/ Ansys Command Prompt (allsell)

PlotChrls  WorkPlane  Parameters |

o] 9]

Ansys Command Prompt (Iplot)

Sl | FLOT, ML, ML2, NINC

K ca—

Ansys Command Prompt (aplot)

APLOT, NATL, MAZ, NI

ﬂ EI aplat

Ansys Command Prompt (vplot)

kChrls  WorkPlane  Parameters [

| 7| Ewor

Meshing The Areas

Preprocessor-Meshing-Mesh-Areas-Free
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/ ANSYS Main Menu

Preferences
= Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
E Meshing
Mesh Attributes
MeshTool
Size Cntrls
Mesher Opts
Concatenate
E Mesh
2 Keypoints
A Lines
= Areas
Mapped
7 =
A Target Surf
Yolumes
Yolume Sweep
Tet Mesh From
Interface Mesh
Modify Mesh
Check Mesh
Clear
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Cegn
FLOTRAN Set Up
Multi-field Set Up
Loads

ANSYS Main Menu

ELEMENTS

& pick " Unpick

* Single " Box

 Polygon (" cirele
i Loop

Coumnt = 0
Mazximam = 18
Minimam = 1
Area HNo. =

(% List of Items

(o Min, Max, Inc

——

Reset | Cancel
Pick Alll Help

Plil

Preferences
= Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
= Meshing
Mesh Attributes
MeshTool
Size Cntrls
Mesher Opts
Concatenate
E Mesh
2 Keypoints
A Lines
Areas
Yolumes
B ¥olume Sweep
Sweep Opts
7
Tet Mesh From
Interface Mesh
Modify Mesh
Check Mesh
Clear
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Cegn
FLOTRAN Set Up
Multi-field Set Up

Areas Sweep For Creating Crack Volume

Preprocessor-Meshing-Mesh-Volume Sweep-Sweep

ELEMENTS

Yolume Sweepi

& pick " Unpick

* Single " Box

C Polygen (" circle
i Lioop

Count = 0
Maximum = 3
Minimum = 1
Volu No. =

% List of Items

(o Min, Max, Inc

—

Reset | Cancel
Pick Alll Help

Plil
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Ansys Command Prompt (aclear,all)

ACLEAR, MAT, NAZ, NINC

ol

B aclear,all

We use Aclear, all ' Area mesh is deleted. Because of this, a gap occurs in the sequence of element
numbers. To remove the gap we use, Numcmp, elem

Ansys Command Prompt (eplot)

anced Utility Menu {a_c_0.3)
FlotC

[

eplot

Preprocessor-Meshing-Mesher Opts

Mesher Options
[MOPT] Mesher options

AMESH Triangle Mesher IPrngram chooses hd
QMESH  Quad Mesher IPrUgram chooses 52
WMESH Tet Mesher Ipmgram chooses hd
TIMP Tk Impravement in YMESH [fesn =]

PYRA&  Hex ko Tet Interface Mo Pyramids ’

AORD  Mesh Arsas By Size ™ ho

SPLIT Split poor quality quads IOn Errar 'I

[MSHEEY] Set Mesher Key
KEY Mesher Type

LI I

* Free

i Mapped

[MSHMID] Midside node key

KE¥  Midside node placement IFnlluw rurves VI

[MSHPATTERN] Mapped Tri Meshing Pattern

KEY  Pattern key IPrUgram chooses 52

Accept/Reject prompt 7 I Ho

If yes, a dialog box will appear after a successful

meshing operation asking if the mesh should be kept.,

QK | Cancel Help

=
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e =

[M3HAPE] Set Element Shape
2D shape key

30 Shape key TET

Ok | Cancel | Help I

Ansys Command Prompt (vplot)

kChrls  WorkPlane  Parameters [

@ ﬂ gvplnt

Preprocessor-Mesh-Volume-Free
ANSYS Main Menu 3]

Preferences 1= ELEMENTS W

B Preprocessor
Element Type
Real Constants

& pick = Tnpick

Material Props ¥ single " Box
Sections

" Polygon (" cirele
Modeling

- Loap
E Meshing
Mesh Attributes Count —
MeshTool Merimm = 3
Size Cntrls o
Mesher Opts Minimum =
Concatenate Volu No. =
E Mesh
% Keypoints (¥ List of Items
::::s " Min, Max, Inc
= Yolumes
Mapped Il—
7 =

Yolume Sweep

Tet Mesh From
Interface Mesh
Modify Mesh
Check Mesh
Clear
Checking Ctrls

0K Apply

Reset Cancel

il
Pl

Pick All Help

Numbering Ctrls
Archive Model
Coupling / Cegn
FLOTRAN Set Up
Multi-field Set Up
Loads

Physics

HEERHEEHEHBE
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Ansys Command Prompt (dalist)

To check the applied boundary conditions on areas, DALIST is used in the command lineFme

s wiorkPlane  Parameters
‘?| EI dalist

DALIST Command | x|
File
LIST CONSTRAINTS ON ALL SELECTED AREAS

No area constraints to list.

CP = 4.578 TIME= 11:28:41

Ansys Command Prompt (da,p)

Apply the displacement constrains using

Apply Boundary Conditions

Because of the symmetry, our system has the following BC’s:

Select the all left X Y surface... (With small areas)

Apply U,ROT on Areas
[DA] Apply Displacements (U,ROT) on Areas
LabZ DOFs to be constrained

Al DOF

Apply as

Constant value =

If Constant value then:

VALLE Displacement value

[s]4 Apply Zancel | Help |
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Ansys Command Prompt (da,p)

Select the Y Z up areas but big area and the crack one part...
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K ANSYS Main Menu &)

‘references 1= ELEMENTS
‘reprocessor
# Element Type
i Real Constants
7 Material Props
H Sections
7 Modeling
7 Meshing
# Checking Ctrls
7 Mumbering Ctrls
H Archive Model
# Coupling / Ceqn
# FLOTRAN Set Up
7 Multi-field Set Up
I Loads
Analysis Type
Fast Sol'n Optn
B Define Loads
Settings —
B aApply
B Structural
E Displacement
A On Lines
DAlCn Areas)
21 On Keypoints
Z1 On Nodes
21 On Node Components
Symmetry B.C.
Antisymm B.C.
Force/Moment
Pressure

Apply as
If Constant value then:

YaLUE Displacement value

oK

Apply

m.ﬁ.pply u on Areas

[DA] Apply Displacements (U,ROT) on Areas
LabZ DOFs to be constrained

&ll DoF
L%
LY

ROTH
ROTY
ROTZ

ICnnstant walue

]

Cancel | Help

Ansys Command Prompt (dk,p)

— 1K, KPOI, Lab, Y&LUE, ¥

L=

Apply U,ROT on Areas

% pick

- Unpick

" Box

" Polygon (" Circle
(o Loop

v Single

Count = Z
Maximum = 18
Minimum =

Area Ho. =

* List of Items

' Min, Max, Inc

——

(034 Apply |
Reset Cancel |
Pick &11 Help |

Atk
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f mnpply KP Constraints

[OK] apply DOF Constraints on Keypoints
Labz DOFs to be constrained

VaLLE,YALUEZ Constraint values -

- real and imaginary parts | | | |

KE=PMD Expand constr. to nodes? [ Mo

Ok Apply Cancel | Help |

ANSYS Main Menu 3]

Apply U,ROT on Kl
Preferences - DI

— ELEMENTS
[ Preprocessor
Element Type
Real Constants
Material Props
Sections

& pick = Umpick

(% Single ~ Box

" Polygen ("~ Circle

Muodeling € Loop

Meshing

Checking Ctrls Count = 1
Numbering Ctrls Maximum = 20
Archive Model T =
Coupling / Ceqn Hey? No. =

FLOTRAN Set Up
Multi-field set Up
E Loads
Analysis Type
Fast Sol'n Optn
E Define Loads
Settings —
2 Apply
B Structural
[ Displacement

% List of Items

(o Min, Max, Inc

|

! On Lines

2 On Areas Rezet | Cancel |
PAI0n Keypoints|

1 On Nodes Pick Alll Help |

1 0n Node Compomni
Symmetry B.C.

Ansys Command Prompt (numcmp,elem)

anced Utility Menu {a_c_0.3)

? || Bl numcmp,elerd]
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Ansys Command Prompt (hnumcmp,node)

B 1 UNMCMP, Label

numcmp,node

[—
tiit

Ansys Command Prompt (sfa,p)

Now we will apply the distributed surface forces (pressure).

PlotC R ===
| sfa,ff

i

"ll:EI il IITI [ g | g Y

Select the Y Z area of down volume

AMSYS Main Menu (=)

Preferences -
= Preprocessor
Elenent Type
Real Constants
Material Props
Sections
MModeling
Meshing
Checking Ctris
Numbering Ctrls
Archive Model
Coupling / Ceqn
FLOTRAN Set Up
Multi-field Set Up
= Loads
Analysis Type
Fast Sol'n Optn
= Define Loads
Settings
= apply
= Structural
Displacement
Force/Moment
E Pressure
21 0On Lines
P20
21 0n Modes
24 0n Mode Compon
A1 On Elements
A1 On Element Comp
Bl From Fluid Analy

Apply PRES on A

i pick

i Unpick

* Single
™ Polygon
i Loop

i Box

i~ Circle

Count
M imiam

Mirmdimoam

Area MNo.

R R R
o

f* Lise of Icems

 Min, Max

. Inc

o= ]

Apply |

—

Cancel |

Pick All I

Help |
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/ mnpplr Surf Ld on Areas El

[5FA] Apply Surface Load on Areas

Lab  Type of surface load IPressure j

YWOLLJE Load walue -1
YALUEZ Second walue if required
tbulk temperature or imaginary park)

LKEY Load kew, usually Face no.

(required anly Far shell elements)

Ik | apply | Zancel | Help |

Ansys Command Prompt (Iplot)

ks orkA

LPLOT, ML1, MLZ, MIMC
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/ Ansys Command Prompt (Isel,,p)

g Advanced Utility Menu {a_c
ot PlotC

RS LS Type |
i) .

Ansys Command Prompt (nsll,,1)

lvanced Utility Menu {a_c_0.3)

WSLL, Type, NKEY

i cE

Ansys Command Prompt (nlist) a_c_0.3crnodes
The node information (for the crack tip nodes) is saved from the NLIST window as a_c_0.3.crnodes
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/ Ansys Command Prompt (vsel,,p)

g Advanced Utility Menu {a_c

* piok " Unpick
= Sangle " Dox

" Polygon (" civale
=

Coune - 1
Maximum = >
Minimus = i
Volu No, = 2

(* Lisgt of Items

€ Min, Max, Inc

f

[ o I Apply I
Posac I

cancar |

Pack All I Melp |

Ansys Command Prompt (eslv)

B ESLY, Type

2| Eeos

Ansys Command Prompt (esin,r)

Wor

o T

Ansys Command Prompt (eplot)
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/ anced Utility Menu (a_c_0.3} \

FlotC

ﬂ E| eplot

ANS\"S Academic Teaching Advanced Utility Menu (a_c_0.3)

Eile Select List Plot PlotCirls WorkPlane Parameters Macro MenuCtrls Help

D= 88|82 2] = o E:
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QuIT| POWRGRPH

1
ELEMENTS

ANSYS Main Menu @]

references =
reprocessor
1 Element Type
1 Real Constants
1 Material Props
1 Sections
1 Modeling
1 Meshing
Mesh Attributes
MeshTool
Size Cntrls
Mesher Opts
Concatenate
B Mesh =
2 Keypoints
A Lines
Areas
B Volumes
Mapped
A
Yolume Sweep
Tet Mesh From
Interface Mesh
Modify Mesh
Check Mesh =

[ —

alzlsl el

»letlelelslolejalalajajajalale

| Fick a menu item or enter an ANSYS Command (PREFPT) mat=1 |type:1 real=1 | csys=0 sect

Ansys Command Prompt (elist) a_c_0.3.crelems
The element information (for the crack tip elements) is saved from the Elist window as
a_c_0.3.crelems

War

Bl 157, 1211, 1212, T
I ca—
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/ Ansys Command Prompt (allsell)

PlotChrls  WorkPlane  Parameters |

o] 9]

Ansys Command Prompt (Iplot)

krls  orkA

LPLOT, ML1, MLZ, MIMC

Ansys Command Prompt (aplot)

Ansys Command Prompt (vplot)

kChrls  WorkPlane  Parameters [

| 7| Ewor

Ansys Command Prompt (eplot)

anced Utility Menu (a_c_0.3}

PlotC
ﬂ aplot
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Preferences
= Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
E ™Meshing
Mesh Attributes
MeshTool
Size Cntrls
Mesher Opts
Concatenate
= Mesh
2 Keypoints
1 Lines
Areas
B ¥Yolumes
Mapped
A ree
¥olume Sweep
Tet Mesh From
Interface Mesh —_
Modify Mesh
Check Mesh
Clear
Checking Ctrls
Mumbering Ckrls

/ ANSYS Main Menu 3]

Ansys Command Prompt (sbct)

SBCTRAN is used to transfer solid model loads and boundary conditions to the FE model. Loadsand
boundary conditions on unselected keypoints, lines, areas, and volumes are not transferred. sbct

Erls  har

| il shet
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AMSYS Main Menu

Preferences -
[= Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
= Meshing
Mesh Attributes
MeshTool
Size Cntrls
Mesher Opts
Concatenate
E Mesh
#1 Keypoints
&1 Lines
Areas
B ¥Yolumes
Mapped
A I
¥olume Sweep
Tet Mesh From
Interface Mesh —
Modify Mesh
Check Mesh
Clear

Ansys Command Prompt (modmsh,deta)

Ansys Command Prompt (emid,add)

EMID, Key, Edges
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Ansys Command Prompt (eplot)

anced Utility Menu {a_c_0.3)

FlotC:

2|

eplot
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Ansys Command Prompt (nwrite)
Also using nwrite all nodes are saved as a_c_03.node automatically in current working directory.

tls  Wor

ﬂ EI nisrite

Ansys Command Prompt (elis) a_c_0.3.elis
Also using Select-Everything the whole element list is saved as a_c_0.3.elis

War

I ca—

Ansys Command Prompt (dlis)
Using dlist displacement BC’s are saved as a_c_0.3.dlis

*krls  WorkPlane  Parameters

loEr

Ansys Command Prompt (sflis)
Using sflist pressure loads on elements are saved as a_c_0.3.sflis

I WorkPlane Parameters

ﬂ % sflisq

Now, we completed all modeling steps in ANSYS™. Now, we are ready to convert all the
model information into FRAC3D format using the converter program.
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T.3.3 Using Converter Codes for FRAC3D (Generation of cc3.geo File)

FRAC3D requires its model information in a specific format. To convert ANSYS™ model files
into FRAC3D format, we can use the convert _ansys frac3d.exe program. The converter program
can be run by typing, its path in MSDOS prompt or from the “Geo File” tab from FCPAS. Both

methods are shown respectively.

T.3.3.1 Using convert_ansys_frac3d.exe in FCPAS

Run convert_ansys_frac3d.exe. Using this exe file, we can obtain cc3.elis_3d.geo file, which
contains element connectivity, nodal coordinates, boundary conditions, loads, and crack
information. The following table shows the steps and input for the current problem.

i FCPAS 1.0-1)Cracked Model Devoloped using ANSYS

File Help

ANSYS (TM) GEOQ File l RUMN File ] Fracture Analysis ] Fracture Info } Post Processing | Visualization

Input the Value of SIF

MKl VK ViK

o

Add
Remove

All Remove

Input Element Connectivity FileName> ‘a_c:_D.?;.eIis Frores
Input Nodal Coordinate FileName> ‘a_c:_D.?:.node Erores
Input Boundary Conditions FileName> ‘a_C_D.}.C"IS Browse
Input Modal Forces FileMame> ‘ Frores
Input Pressure Loading FileName: ‘a_c_D_}_sﬂis Errrso
Input Modal Temperatures FileName> ‘ Einzs
Input the corresponding mesh ID from the list |20 node quadratic-Hexzhedron inc. mixed mesh) |
Select an Option for Crack Front Information Input ‘Inpu‘t Files for Crack Front Nodes and Elements j
—Files
Input file name of file for Cr. Fronts Elements |a_c_D.3.cre|ems Eio=n
Input file name of file for Cr. Fronts Nedes [a_c_0.3 cmodes Browse
1 Add
a_c_0 3crelems
a_c_{.3.cmodes Remove
All Remove
Input Coordinate Axis for Crack Front Node Order
XY or Z Coordinate... v X Y —Z
Are there SIF Constraints on The Crack Front?
[Yes =l
—SIF P;
Is The Constraint Along The Whole Crack Front or on Specific Nodes? |A|0ng The Front j
Input The Type of Constraint:K1,K2 K3 Generate GED File

¥

—Caontrol Panel

ANSYS(TM)

Geo File

RUN File

Frac 3D

Fracture Info

Post Processing

Visualisation

- =

Input file names can be selected by “Browse” buttons. “Generate Geo file” creates cc3.elis_3d.geo
file. To go to Run File preparation, press “Next Step”.

/
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T.3.3.2 Generation of *.run file (writerun_frac3d.exe) using FCPAS
Now, we need to create a run file which is also required for FRAC3D. We use writerun_frac3d.exe
or FCPAS to generate *.run file (cc3.elis_3d.run file). The *.run file contains analysis type, material
properties, solver type tolerances, body forces and local coordinate systems data.

i FCPAS 1.0-1)Cracked Model Devoloped using ANSYS

Ml %]

File Help
ANSYS {'I'M}] GED File  RUN File l Fracture Analysis ] Fracture Infa ] Post Processing | Visualization

Run File Name without ~.run”™ |a_c:_D.3.eIis
Analysis Type + Linear " Nonlinear |~ Thermal Stress ¥ Fracture [~ FGM
Solver Type | " Frontsl * PCG Tolerance—> |1_e_g
—Material Properties
Number of different Material in The Model |-|
Ex Ey Ez Gxy Gyz Gxz Nuxy MNuyz Nuxz Behaviour
327 [ [ [ 0.3 [~ Orthotropic [~ Elasto Plastic

| [
| | | | [ [ | I Orhotropic I~ HlastoPlastic
| | ‘ | | | ’_ l_ ’_ I~ Orthotropic [~ Elasto Plastic

FGM Properties(E(x)=ED.exp(Beta.x), Nu(x)=Nul.expleta. x), Al pha(x)=Alphal.expw.x))

™ Do You Have Other Tied DOF Sets CTE Values (GCYY.ZZ) and Tref ’7
How many DOF do you have?

[~ Temp Dependet Material Property
How many nodes -

Initial Temperature

Node number and direction FNxlMy WF=z ™ E of Material 1is temperature dep

Temp. Points ’_ Ex.Ey.Ez.Gx.Gy.Gz

™ Have Body Force Loading ™ Nuof Material 1is temperature dep.
Type of Body Force Loading % Gravity " Centrifugal Temp. Points ’_ Nuse, Muy, Nuz
The Acceleration

Input Uirection Cosines of Grav. Loading [ CTE temperature depended

Direction (wrt Global Coord. Sys ) The Number of temperature points
Second on Axis 111 Temperature and corresponding
Density ot Material CTE Values(x,y.z points) for point 1 |
I” Have Local Coordinate Systems Integration Order |24
How many coordinate system ———| ¥ Use Transition Element| Generalized Flane Strain Problem

Input Number of Increments Max. Mumber of
CSYS ID no, THXY THYZ THXZ angles lterations and Tolerance for Convergence ’_ l— ’—

" Show The Results At The End of Every Increment?

—Control Panel

0. 10000000E-07
0. 3N0C0O000F <08 0. 3000000

0115384000 +08
030000  0.30000 0.

4T THERMAL LADDING
a

ANSYS(TM])
Geo File

RUN File

Frac 3D

Fracture Info

Paost Processing

Visualisation

- =

Generate RUN File

¥

To pass “Frac3D” tab, press “Next Step”.
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T.3.4 Running FRAC3D
T.3.4.1 Using frac3d.exe

To run the FRAC3D, three kinds of input files are required;

*.run (compulsory)

*.geo (compulsory)

*.tem (optional)
FRAC3D gives the results in the following output files;

*.out

* str

*.stn

*.crk
Now, we are ready to run FRAC3D. To do this we can use frac3d.exe. When running FRAC3D, geo
and run files names have to be entered. The following table shows the steps and input for this
specific problem.

Input Run File Name without ".run" a_c_0.3.elis_3d
Input geo File Name without ".geo" a_c_0.3.elis_3d
Input ter File Name without ".ter" Hit Enter

FRAC3ID
Finite Element Analysis Program
To exit <type E or el

Input RBun File Hame without ".run'
a_c_B3._elis_3d

Input Geometry File Mame without "".geo’
a_c_A3.elis_3d

Enter Humber of Processors to bhe Used

The FRAC3D F.E. Program iz Mow Running ...

Wall Clock Time <Seconds>= 2.29
Read Finite Element Model Information...

Clock Time (Secondsz)=
Starting Fracture Data Pre-processin
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T.3.4.2 Using FCPAS to run FRAC3D \

Select the a_c _0.3.elis_3d.geo, a_c_0.3.elis_3d.run, and a_c_0.3.elis_3d.tem (if required) files by

browsing and press run button to run the Frac3D.exe in the background.

¥ FCPAS 1.0-1)Cracked Model Developed using ANSYS

File Help

ANSYS (TM) | GEO File | RUN File Fracture Analysis | Fracture Info | Post Processing | Visualization

r—Control Panel
RUN File Name |a_c_0.3.205_3d Browse |
GEO File Name |a_c_D.3.eIis_3d Browse I
[~ Thermal Analysis?
TEM File Name | Browse |
Number of Processors to be Used 2 P ANSYS(TM)
GeoFile
Do you accept License Agreement? " Yes " No # Review Error File RUN File
Fracture Analysis
Fracture Info
A -
FCPAS Solver Rosthrooessing
Visualizat
Fracture and Crack Propagation Analysis System SuEizEhon

LICENSE TERMS = =)

Copyright 2010- Ali O. Ayhan, ayhan@sakarya.edu tr

Permission is hereby granted, free of charge, to any
person obtaining @ copy of this software, its all
subconstituents and the associated documentation files
{the "Software"), for the rights to use, copy, merge software,
and publish resultsfrom the Software subjected to the following condtions:

* Usage of the Software is permissible and freely available

UNDER THE CONDITION THAT THE SOFTWARE,

INCLUDING APPROPRIATE SUBCONSTITUENTS, REMAIN UNDER COPYRIGHT
OF THE RESPECTIVE AUTHOR(S) AND THE SOFTWARE IS NOT

DISTRIBUTED TO ANY OTHER THIRD PARTIES.

* Usage of the Software for private use, research, publication
and education IS FERMISSIBLE.

<

After FRAC 3D run ends, output files can be viewed in the “Fracture Info” tab. In the “Fracture Info”
tab, you can browse any file to see its content and plot the K3, K> and K3 data in an x-y plot.
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/ i FCPAS 1.0-1)Cracked Model Devoloped using ANSYS

geE )

File Help
ANSYS (TM) | GEO File | RUN File | Fracture Analysis  Fracture Info | Post Processing | Visualization

In this section, you can view contents of cutput files and plot stress intensity factors zlong crack front.

OpenFile: C:\Documents and Settings\Admin'Desktop\examplesia_c_0.3_son'a_c_0.3.elis_3d.crk

=

Plot 5IFs :

FRACTURE MECHANICS INFORMATION

a_c_0.3elis_3d.crk
24X 24 X 24 INTEGRATION IS USED FOR ENRICHED CRACK TIP ELEMENTS
TRANSITION ELEMENTS ARE INCLUDED IN THE ANALYSIS

CRACKNO: 1
CRACK TIP NODES:

11812 1813 1814 1815 1816 1817 1818 1815 1820
1821 1822 1823 1824 1825 1826 1827 1828 1825 1830
1831 1832 1833 1834 1335 1836 1337 1333 1335 1840
1841 1842 1343 1844 1345 1846 1347 1843 1845 1850
1851 1852 1853 1854 1855 1856 1857 1358 1855 1860
1861 1862 1863 1864 1365 1366 1367 1363 1363 1870
1871 1872 1873 1874 1875 1876 1877 1373 1879 1880
1881 1882 1383 1324 1335 1836 1887 1888 1889 189
4252 4293 4234 4235 4256 4257 4253 4299 4300 4301
4302 4303 4304 4305 4306 4307 4308 4305 4310 4311
4312 4313 4314 4315 4316 4317 4313 4319 4320 4321
4322 4323 4324 4325 4326 4327 4323 4323 4330 4331
4332 4333 4334 4335 4336 4337 4333 4339 4340 4341
4342 4343 4344 4345 4346 4347 4343 4343 4350 4351
4352 4353 4354 4355 4356 4357 4358 4359 4360 4361
4362 4363 4364 4365 4366 4367 4363 4363 4370 4371
1830

CRACKIN AN ORTHOTROPIC MATERIAL

K1 K2 K3

1 0.1240086E+01  0.0000000E<00  0.0000000E+00
1812 0.1240201E+01 0.0000000E+00  0.0000000E+DD
1813 0.1240788E+01  0.0000000E+00  0.0000000E+DD

To plot the K3, K> and K3 data, just press “Plot SIF’s” button.

¥

()

—Control Panel

Change Working Directory

ANSYS(TM)
Geo File
RUN File
Frac 3D

Fracture Info

Post Processing

Visualisation

- =

120



FCPAS Tutorial — Version 1.0

/ i FCPAS 1.0-1)Cracked Model Devoloped using ANSYS (=)o \

File Help
ANSYS (TM) | GEO File | RUN File | Fracture Analysis  Fracture info | Post Progessing | Visualization

In this section, you can view contents of output files and plot stress intensity factors along crack front.

OpenFile: C:\Documents and Settings\Admin'Deskioplexamples'a_c_0.3_son'a_c_0.3.elis_3d.crk Plot S1Fs :

B a_c_0.3.elis_3d.crk ol

TR

EEE

2w @
REEE322388"

0.8 0.8

- K1

08 06 — K2
- K3

Stress Irtonsity Foctors [K1 K283

04 0.4

B 20 0.2 0.2

0.0 0.0

H
51

101

151

Nodes

T.3.4.2 Post-processing of FRAC3D Results
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/ i FCPAS 1.0-1)Cracked Model Devoloped using ANSYS (=] \

File Help
ANSYS (TM) | GEO File | RUN Fils | Fracturs Analysis | Fractur info Post Processing | Visualization |

r—Control Panel
RUN File Name a_c_0.3elis_3d Browse |
GEOQ File Name a_c_0.3elis_3d Browse |
y . Create
How Many Different Materials Do You \Want To See? |4
Input 1 Material ID Numbers 1 I : I
Do You Want to Prepare Animation File? No il
ANSYS{TM)
Geo File
RUN File
Frac 3D
Fracture Info
Post Processing
Visualisation

- =

T.3.5 Visualization of FRAC3D Results

To see the Cracked Model results, choose the parameter you would like to contour plot and press
“Show Results” button.
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1 Visualization Toolkit - Win320penGL #1

1.0%

0,709
0.727
0,543
0.344
0,132

0.oog
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K K1 Comparison of Stress Intensity Factor: FCPAS and Newman_Raju \

K1 STRESS INTENSITY FACTOR

14

1.2

0.8

0.6

0.4

0.2

0 10 20 30 40 50 60 70 80 90 100

=4=K1 Newman_Raju ==K1l_FCPAS
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EXAMPLE.4.Crack Growth in Plate Using ANSYS Macro for Mode | \

In this example the aim is to get crack growth profiles by using written macros. A three-
dimensional elliptical surface crack in a finite-thickness plate under uniform tension with 2H x 2W x
t (height x width x thickness). Plate dimensions are width: 0.175m, height: 0.295m, thickness:

0.03m and also initial crack dimensional are crack length (c): 0.0196m , crack depth (a): 0.0144m.

O]
o
SHHIY
o | A
o i Symmetry BC
y E i 2a i DR RR RS
2 L 2T I
. i Symmetry h
| 2w ! BC
! i \
L

-

AV ’ °

First we open FCPAS Cracked Model Development with ANSYS after click 3DCPP&C

e FCPAS 1.0-1)Cracked Model Developed using ANSYS P [ [ |

File Help

ANSYS (TM) | GED File | AU File | Fracture Analusis | Fractue Info | Pest Pracessing | Visualization | 30CPPRC |

Cantrol Panel
_ Browee | [C:Program Files\ANSYS Inchwl 20bansyssbintintellauncher] 20, exe
Change Working Directoy
Run ANSYS
Erowse T ﬁ'
ANSYS(TM)

GeoFile
RUN File

“working Directorys

Vizualization
FCPAS Software Path 3DCPP and C
Je= | l
Curent Path

[E:\Documents and S ettings\admin
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After that we can ‘Select Propagation’

i FCPAS 1.0-1)Cracked Model Developed using ANSYS

Elok

File Help

t

I

I

ANSYS (TM) | GEO Fils | RUN il | Fracture Analysis | Fracture Info | Post Processing | Visualization 3DCPPAC

T

2w

ERa

Maximum Crack Length Increment |
Modulus of Elasticity (E) [
Fisson Ratio [
Applied Stress [
Integration Order [
I™ Use Transition Element

Number of Processors

[ Working Directory ANSYS Path

Change Werking Directory | Copy Mecro | ANSYS Path Choose Your Macro...
[~ Plate and Crack Di —Crack Pr Steps —Control Panel

' Q

; E— -

t —— | ANSYS(TM)
Crack Length (c) Geo File
Crack Depth (2) | RUN File
Crack Lesize Fracture Analysis

| Fracture Info
—Material Properties
Post P

Material Constant (C) | BT

Material Constant (r)

3DCPPEC

- =

Plate Pressure

Plate Displacement
Cylinder Pressure
Cylinder Displacement

Change Working Directory

Before starting to crack growth analysis create a folder in which you would like to work&change

directory to this folder.
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B Plate Pressure ([l | <
G Change Working Directory I |
Project Name
CANSYS Path Choose Axes of the Ellipse;
ANS) | | x_ellipse y_ellipse
i" 2k
I
Klasore Gozat
~Plate and Crack
gl v || w -
ol & ag Baglantlanm [ﬂ fk Grawth Increment Blocks 3,
l l ¥t H 2 Geri Déntisim Kutusu _
+ [ FCPas_explanation Front Number 3
o |25) FCPAS_Setup_64bit
Crack Length (c| [ FCPAS_Setup_s4bit_debug umber of Steps fa(max)  Crack_Lesize
123 Tsmail Yasin Sulu .
Crealayiney () Kabul_edimis_tez_diizeltme | = [ Start Crack Growth
g i _ Analyss
X | Material Properti () Spain_presentation I = I I
Material Constar CoTez " =
e | = I Plot Crack Profiles
77 d ¥ ey [Yeni Klasdr Olugtur ] l Tamam } [ Iptal ] I ::I | |
L Medulus of Elast|
—— =
2 E = I
Poisson Ratio (v)
5 = I
Stress
7 = I
Integration Order
E = I
Mumber of Processer Life
g === I :
Calculaiion
I™ Usetransition element i I = I

Crack_Lesize: Mumber of elements along crack front

Give the Crack Propagation Project Name

Enter a name, for example ‘Crack_propagation’

m Plate Pressure

0=}

a,

2w

G

a

Change \working Directory |

Project Name |Cra:kjmuagatlun

~ANSYS Path Choose Axes of the Ellipse;
ANSYS Path | Copy Macro | x_ellipse y_ellipse

~Plate and Crack Di B

w ——
H ——
! e
Crack Length (c)
Crack Depth (a)

[~ Material Properties
Material Constant (C)

Material Constant (n)

Modulus of Elasticity (E)
Paisson Ratio (v)
Stress

Integration Order
Number of Processor

™ Use transition element

Mumber of Crack Growth Increment Blocks 32

Crack_Lesize

Starting Crack Front Number

Increment No Number of Steps fia(max.)

E I = I Start Crack Growth
> 3| | o

B = J Plot Crack Profles
& = [

s = I

6 [ |

7 o I

e o I

SO — | Calouiation

10 [ [

Crack_Lesize: Number of elements along crack frant
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/ Choose ‘Ansys Path’, in this example ‘ansys121.exe’ should be chosen.

~ Toa0IGS of Elssteiy (£ T

e =JIE/E3
a, Change Working Directory I
* | Project Name Crack_propagation
— Cheose Axes of the Ellipse:
A 5]
. . x_ellipse y_ellipse
Kanum: [ intel x| = ®@Eef == |
- [CIDANSYSHPMPI [Fliss71 dp.exe
2 : o =
£ 3 acon.exe LSDYNA120.exe
g En Son I\ arimate.exe Bisprepost.exe
Kullandidanm == . penloyment.Config.ANSYS.exe | sxpost.exe
7[_' [ Ans. Deployment.Unconfig. ANSYS.exe  f\ toshad.exe
I\ zns_admin.exe N tosh.exe
. Masausty |\ Cncve1o0.exe N\ wishad.exe
N ansys.exe N vish.exe =
K,(‘ _J\ [FIbiat.exe W vrtshel.exe
l l T N\ dispinfo.exe l?
M M 9EEM A Displayw.exe -
t - N GUs.exe
y [launcher120.exe ) Crack_Lesize
" A\ Licslert.exe —
Bilgisayyznm Start Crack Growih
Flso71.exe Fays
x 1
Aj Baglartienm  Dosya adi: Jensys120.exe - A | [ e T
D tand: . -
. " L asya tiirii [Exectable Fie(" exs) | —

iptal Ad_

—
2 5
Poisson Ratio (v)
6
Stress
Integration Order
8
Number of Processor
3
10
I~ Use transition element

I I Life
Calculation

Crack_Lesize: Number of elements along crack front

In the following picture is shown that, before picking ‘Copy Macro’ button, the scheme has got

project name and selected working directory.

i Plate Pressure

[Bj(=l%]

o, Change Werking Directory |

* | Project Name

Crack_propagation

—ANSYS Path Choose Axes of the Ellipse;
ANSYS Path ] Copy Macro | x_ellipse y_ellipse
| = =
7 21 | | [C\Program Fies\ANSYS nc'w 120\ansys bimintelansys120 exe
@._k_.
—Plate and Crack D —Blocks
2w
w -
/,l Number of Crack Growth Increment Blocks [ =]
1 H
l l v . —— Starting Crack Frent Number =
&
Crack Length (c) Increment Mo Number of Steps Aa(max)  Crack_Lesize
EslzzinE) 1 | = [ Start Crack Growth
Analyss
T Material Properties 2 I =] | I
Mteril Corstent (C) : I =i I Plot Crack Profiles
Material Constant () 4 T = | I
v ) . =
L ! 3| | Wodulus of Elasticity (5)
— -
% s [ = [
Poissen Ratio ()
6 = I
Stress
7 Hl | I
Integration Order
E L Fl | I
Number of Processor Life
2 &l [
Calculation
[~ Use transition element w I = |

Crack_Lesize: Number of elements along crack front
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When we select copy macro, specific prepared macro is copied from bin directory to working\

direction folder. At the same time, ‘Choose Areas of the Ellipse’ is enabled.

Then ‘Plate And Crack Dimensions’ and ‘Material Properties’ are written. If you use transition

element we check ‘Transition Element’ button.

¥l Plate Pressure

[Bf=1 % |

5 <

Project Name
ANSYS Path

ANSYS Path

Change \working Directory [

|Crack_propagation

Copy Macro

Plate and Crack Dimensions
W

H

t

Crack Length (c)

Crack Depth (3)

Material Properties
Material Constant (C)

Material Constant (n)

Modulus of Elasticity (5]

Terms of block is related to number of difference maximum crack advancement distance in a step

along the crack front.(Aa_,, )If you would like to get more crack profiles, you can also go on by

changing ‘Start Crack Front Number’ .Increment number is equal number of crack growth

increment blocks. We write number of step is each value of ( Aa,,, ) to obtain order again. At that

Poisson Ratio (v)

Stress

Integration Order

Number of Processor

I¥ Use transition element

2k | | |C:\Program Files\ANSYS Inc'w120\ansys'bin\intel\ansys 120 exe

I —
= —
CE—
E—
Ea—

—
o
e
—
e

Blocks

Cheose Axes of the Ellipse;

y_ellipse

v

x_ellipse

s

Wumber of Crack Growth Increment Blocks | 1 EI:

Starting Crack Front Number

Increment No Number of Steps Aa{maic.)

=

Crack_Lesize

Plot Crack Profiles

Life
Calculation

1 2 A 1 1 A 3 1Y

[
i

Crack_Lesize: Number of elements along crack front

time ‘Crack Lesize’ number of elements along crack front can be changed.
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¥ Plate Pressure

Project Name
ANSYS Path

ANSYS Path

Change Working Directory [

Crack_propagation

Choose Axes of the Ellipse;

| Copy Macro | x_ellipse y_ellipse

Plate and Crack Dimensions
W

?i'r H
¥ ¥ t

Crack Length (c)

Crack Depth ()

T Material Properties
Material Constant (C)

Material Constant (n)

Medulus of Elasticity (E)

Poisson Ratio (v)

Stress

Integration Order

Number of Processar

[¥ Use transition element

2 | | [E Program Files ANSYS Inc'w 120'ansys bin'intel\ansys 120 exe

Blocks

Number of Crack Growth Increment Blocks |5 33

Starting Crack Front Number

0.015€ Increment No Number of Steps da(max)  Crack_Lesize
D.0144 1 5 = [o.000s 30 Start Crack Growth
Analyss
2 [+ = Joooo7 ]
71010 = oo S
: 2 = Joon feo Plot Crack Profiles
1.8500 =
4 [z = Jomz [s0
37
5 1 = [oo0is 20
03
_ O = |
7 = [
124
E [ [
I -
Life
! = l Calculation
10 [ [

Crack_Lesize: Number of elements along crack front

For the solve, click to ‘Start Crack Growth Analysis’.

Project Name
ANSYS Path

ANSYS Path

Change VWorking Directary [

Crack_propagation

Cheose Axes of the Ellipse;

\ CopyMecro | x_ellipse y_ellipse

Plate and Crack Dimensions
w

444444144444444444444441'r H
v ¥ 2
9

Crack Length (c)

Input Coordinate Axis for Crack Front Node Order
1 for X, 2 for ¥ or 3 for Z Coordinate...

Are There SIF Constraints on The Crack Front? (Def:
[s The Constraint Along The Whole Crack Front or on
N

[s The Constraint Along The Whole Crack Front or on
Along The Front: F, On Nodes: N

Input The Type of Constraint

Do You Have More SIF Constraint? <Def: n>

Generating The FRAC3D .geo File. Please Hait ...

C:“Documents and Sett1ng_‘Eﬂdm1n\DEaktup\prupagat1un>"C \Program Files\FCPAS\hin|

uriterun_frac3d.exe” 0K

:\Documents and Settings“™Adnin\Desktopspropagation\inp

21| | |G\ Program Fies\ANSYS Inc\w120%ansys\bin\intel ansys 120.ex

Blacks

Number of Crack Growth Increment Blocks |5 —=|

Starting Crack Front Number

Increment No Number of Steps Aa{max)  Crack_Lesize

-l = [eos [ Stor Crock Grosth
Analyss
4 H o007 80
n> 3 = om0 20
Specific Hodes? Plot Crack Profiles
2 =] [oo0iz 80
1 =] [ooors 80
Specific MNodes? | =l ‘
= [
| == | [
Life
l =8 | Calculation
=== [

Crack_Lesize: Number of elements along crack front
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‘Frac3d Solver’

o]
[ Change WWarking Directory [
A
ANSYS Path Choose Axes of the Ellipse:
ANSYS Path | Copy Macro | x_ellipse y_ellipse
%X - Y -
A 2ir | | |C:\Program Files"ANSYS Inc'w120%ansys bin‘intel\ansys120.exe
Z 57
Plate and Crack Dimensions Blocks
L w s
| » Number of Crack Growth Increment Blocks |5 =1
i H [
I v v a ’7: 0 Starting Crack Front Number 1 <
o
Crack Length (c) L.01% Increment No Number of Steps fa(max)  Crack_Lesize
[ = |20 Start Crack Growth
Analyss
iteration = 0.101804211519043 [« =+ [sa
iteration = 2.395231227754796E-002
iteration - 2.175363714774719E-002 o= fe0
iteration = 2.212583377445 904E-002 3 =1 000 &0
jteration E 1.180085736166636 E-D02 ERSICac) ks
iteration = 2.986808137282734E-004 ‘2 :~| |:::12 ‘g:
iteration = 1.072924874581 081 E—002 E
itera = 6.858539680059573E-004
itera = 1.613986315216640E-003 [ = [pooms [e0
itera = 1.709758074287799E—003
iter 4.109546934712324E-003
iter 204525220301 7565 E-003 === | [
iterati 6.431675381338321 4
iterati 1.939283965203884E-003 ‘ = | [
iterati ?.226594252039 300E-003
iteration - 8.992137477241 724E—-003
iteration = 1.293061330759385E-003 [ = | [
iteration - 2686187933111 965E-003
iteration = ?.477264809089 704E-006 Life
iteration - 2.176838235950216E-002 [ = | [ .
itera = 8.578823145987818E-004 Calculation
itera - 4770507167075 211 E-004 ‘ =| | ‘
iteration = 6.451895809493972E-005

Crack_Lesize: Number of elements along crack front

After the crack growth analysis solution you can plot crack profiles click ‘Plot Crack Profiles’ button.

=I5
Title
[Sotect "elipae_tratin" fie 12 . . .
Browse [Setect "steping” file
Plot Crack Profiles
10 + 1
%1 Walles
08 + 1
2
& 06+ .
S
04 + 1
0.2 + 1
Total profiles : 00 0.0 t } t t t
0.0 0.2 04 06 08 1.0 1.2

k X Axis
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First we browse ‘ellipse_final.inp’ after select ‘step.inp’ to plot crack propagation profiles. \
i
Title
Browse [ENDacuments and S ettings\UshADeskt 12 : : :
|Selecl "'stepinp" file ‘L
2]
Plot Crack Pri Konum: ID propagation j - £F EE-
step 7
T Malues
Kl ]|
Istep j Ap I i
Dosya tiiii |slep_inp[{inp] =1 iptal J,
v
0.2 B
Total profiles: 00 0.0 } } } f f
0.0 0.2 04 06 0.8 1.0 1.
X Axis
et Crack_Profiles JElﬂ
Crack Profiles
Browse | I 0030 T T T T T
Browse | |
| PlotCrackProfiles |
0.025 + B
0.020 —+ A
0.015 —+ B
0.010 + -
0.005 —+ B
=l
Total profil: 15
0.000 } } f f i } f
0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035
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EXAMPLE.5. Crack Growth in Cylinder Using ANSYS Macro for Uniform Displacement Load\
(a/D=0.1, a/c=0.2)

In this example, the aim is to get crack growth profiles by using written macros. A three-
dimensional elliptical surface crack in a cylinder under uniform displacement load with D x H
dimensions. Cylinder dimensions are D=1, H=5, and also initial crack dimensions are crack length

¢=0.5, crack depth a=0.1 unit.

N\
v

Namax=0.1,0.2,0.3,0.4, 0.5

We use symmetry of the fracture model.

134



FCPAS Tutorial — Version 1.0

(g

First, we select “Cracked Model Developed using ANSYS” button.

FCPAS

version 1.0

=

% Cracked Model Developed using ANSYS

B3 crack Insertion and Fracture Analysis
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44 FCPAS 1.0-1)Cracked Model Developed using ANSYS BE
File Help

ANSYS (TM) | GEO Fie | RUN Fie | Fracture Analysis | Fracture Info | Post Processing | Visualization 3DCPPAC
| Working Directory ANSYS Path

Change \Working Directory Copy Macra | ANSYS Path Choose Your Macra...
4

G

T 2h [~ Plate and Crack Di i [ Crack F Steps rControl Panel ————————————

= w .
" I— * Generate ANSYS Model

t I Ganerate GED File | ANSYS(TM)
e | Crack Length (c) — Geo File
o Crack Depth (2) I Generate RUH File | RUN File

v
l l Crack_Lesize I Fracture Analysis
A N
5 Fracture Analysis Fraciure Info

—Material Properties

l— Past Processing
Material Constant (C) Predict Hest Profile
Misualization

Material Constant (n)

3DCPPAC
g Maximum Crack Length Increment l— Best_ellipse.fit
Modulus of Elasticity (E) [ « *
Poisson Ratio I
Applied Stress — Select propaga

Plate Pressure

Integration Order Plate Displacement

Cylinder Pressure
I Use Transition Element Cylinder Displ

Number of Processors

Change working directory and write “Project Name”.

i Cy
(Change Working Directory |
Project Name

ANSYS Path Choose Axes of the Ellipse; — | [ LifeCaleulation —————————

| x_ellipse y_ellipse

Klastre Gozat
[~ Cylinder and Crack Di
D
Crack Length (c) | ) FCPAS_Setup_64hit_debug [a] Life
1) Kabul_sdimis_tez_diizeltme Calculation
i@ ) keplama_D=30
H 1 mulite

IC3) Spain_presentation
HR [23) Tez_son_hal
YR |— I3 Thermal_FCPAS_07.06.2011
IC3) Thesis_presentation

e O
@ 1) Yeni Klasér

| el Froperies [veniKassr oustur | [_Tamam | [ iptal ]

Material Constant (C) I = 1 I

Material Constant (n) 6 | = | [

Modulus of Elasticity (E) 7 | = | | Start Crack Growth

Poisson Ratic (v) g I :’ I I Frekym

Integration Order
£ =

Pt o By l— I j I I Plot Crack Profiles
10 | = [

™ Use transition element

Crack_Lesize: Number of elements along crack front
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linder Displacement

‘Change \wiorking Directory

f After we write “Project Name”, we select ANSYS™ path using “ANSYS PATH” button.

=&

I Use transition element

Crack_Lesize: Number of elements along crack front

Project Name test
 ANSYS Path . | Life Caleulation
Konum: |13 intel | 4= e
_g [C5)DANSYSHPMPI [Fis971_dp.exe
I 3 Sacon‘exe ELSDYNAIZO.exa
En Son I\ zrimate.exe 5 lsprenost.exe
Kullzndklanm ==, o henloyment. Config ANSYS.exe  J\ sxpost.exe
[' Ans.Deployment.Unconfig. ANSYS . exe sha4.exe |-
[ = I f A osn
—Cylinder and Crack Dimensions - A\ ans_admin.exe N toish.exe |
D Masalstls ansys120.exe A\ wishs4.exe
. M ansys exe N vish.exe -
Crack Length (<) [Tblat,exe W nishel.exe Life
Y Calculation
Crack Depth (a) St dispinfo.exe
,ﬂ DisplayW.exe
H ~ M\ cus.exe
l_ [launcher 120.exe
LR Bd‘glsayanm ,ﬂ LicAlert.exe
YR [Tllea71.exe
R -
(2] A Baglantlanm  Dosya adi: farsys1208e =l Ag
Dosys tind: |Executable Fiel"exe) | etz
[~ Material Properties
Material Constant (C) | 3 [ = I
Material Constant (r) ] | = | |
Modulus of Elasticity (E) 7 I j I I Stent Grock Groat
Poisson Ratio (v) 2 I :| I I Anclyss:
Integration Order
E =N I
Number of Progessor — ! Plot Crack Profiles
1w [ = I
I™ Use transition element Crack_L esize: Number of elements along crack front
i Cylinder Displacement g@
Change Working Directory |
Project Name test
[ ANSYS Path ‘Choose Axes of the Ellipse: ~Life Calculation
ANSYS Path ] CopyMacro | x_ellipse y_ellipse
|C: \Program Files " ANSYS Incw120%\ansys'\bin\intel\ansys120.exe
—Cylinder and Crack Dii —Blocks
D =
Mumber of Crack Growth Increment B\ocksl 3 ~
Crack Length () Life )
Crack Degpth () Starting Crack Front Number | 32 Calcufation
H
Increment No  Mumber of Steps ~ Aa(max.) Crack_Lesize
XR
— N = |
YR
kL 2 | = [
2 E [ = | [
¢ I E| I
[~ Material Properties
Material Constant (C) E I :I I I
Material Constant (n) (] | = | |
R ) ¥ I = [ Start Crack Growth
Poisson Ratio (v) 2 I :I I I At
Integration Order
g = I
Mumber of Processor I Plot Crack Profiles
w I = I

~
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When we select “ANSYS Path”, “Copy Macro” button is enabled. We click “Copy Macro” button\
and copy cylinder displacement macro into the working directory. At the same time, when we click

n

“Copy Macro”, “Choose x_ellipse” is enabled.

i Cylinder Displacement

M=)

Change Working Directory |

Project Name test

ANSYS Path Choose Axes of the Ellipse;
ANSYS Path ‘ Copy Macro x_ellipse ellipse
Skt -

C:\Program Files\ANSYS Inc'w120'\ansys'bin\intel\ansys 120 exe

Cylinder and Crack Dimensions

D ——

Number of Crack Growth Increment Blocks| 3

Crack Length (c)
Crack Depth (a) Starting Crack Front Number 3
H
Increment Mo Number of Steps  As(max)  Crack_lLesize
XR
— : [ = | [
YR
R 2 \ = [
z 3 [ = I
d [ = I
Material Properties
Material Constant (C) 3 [ = [
Material Constant (n) 6 ‘ :‘ ‘ |
Medulus of Elasticity (E) [ = [ [
Peisson Ratio (v) g ‘ :‘ ‘ |
Integration Order
[ = [
Number of Processor
E [ = | [

I Use transition element Crack_Lesize: Number of elements along crack front

Life Calculation

Life
Calculafion
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i Cylinder Displacement

/ In this example, we select X and Y axes for ellipse fitting.

]f=1%]

Change \Working Directory ‘

Project Name test

ANSYS Path

ANSYS Path |

Copy Macro

‘Choose Axes of the Ellipse: Life Calculation

‘ x_ellipse y_ellipse

‘C \Program Files"\ANSYS Inc'w120\ansys\bin‘intel\ansys 120.exe

Cylinder and Crack Dimensions

D —
Crack Length (c) [
Crack Depth () [
H [
xR

YR

ZR [
[/ [

Material Properties

Material Constant (C)

Material Constant (r)

Modulus of Elasticity (E)

Foisson Ratio ()

Integration Order ’7

Number of Processor ’7

[ Use transition element

¥ Cylinder Displacement

Blocks
Number of Crack Growth Increment B\Dcksm Life
Starting Crack Front Number [ Calcufation
Increment No  Mumber of Steps ~ Aa(max.) Crack_Lesize

i = [

2 [ = | [

E [ = | \

§ I = [

5 [ = [

6 [ = \

7 [ =N [ Start Crack Growth

o 3 | -

’ | :I | ‘ Plot Crack Profiles

10 [ = [

Crack_Lesize: Number of elements along crack front

We write cylinder and initial crack dimensions.

M=)

Change Working Directory [

Project Name test

ANSYS Path

ANSYS Path |

Copy Macro

Choose Axes of the Ellipse; Life Calculation

‘ x_ellipse

[c:\Program Files'ANSYS Incw120\ansys'binintelansys 120.axe

Cylinder and Crack Dimensions

D o
Crack Length (c) ,I)Bi
Crack Depth (2) or
H 5.0

XR [05

TR o
IR o
2] oo

Material Properties

Material Constant (C)

Material Constant ()

Medulus of Elasticity (E)
Poisson Ratio (v) -
Integration Order [

Number of Processor [

I”" Use transition element

y_ellipse
X - Y -
Blocks
Number of Crack Growth Increment Blocks| 1 El: Life
1
Starting Crack Front Number 1 = Calculation
Increment Mo Mumber of Steps ~ Aa(max.) Crack_Lesize
i o= [
2 [ =1 |
E [ = [
< [ = |
E [ = [
6 [ =1 |
7 [ =| | [ Start Crack Growth
Analysis
8 [ =| | |
: ! = | | Plot Crack Profiles
I [ = [

Crack_Lesize: Number of elements along crack front
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/ XR: Crack center coordinate. \

YR: Crack center coordinate.
ZR: Crack center coordinate.
@: Angle with X axes.

Write material properties.

i Cylinder Displacement E]@
Change \working Directory |
Project Name test
AMNSYS Path Choose Axes of the Ellipse; Life Calculation
ANSYS Path ‘ Copy Macro | x_ellipse y_ellipse
X - Y -

IC:"Program Files‘\ANSYS Inc'w120%ansys bin‘intel\ansys 120 exe

Cylinder and Crack Dimensions Blocks
D .0
Number of Crack Growth Increment Blocks| 1 3: ~
Crack Length () 05 Life
Crack Depth (a) O Starting Crack Front Number = Calculation
H 50
Increment No  Number of Steps ~ Aa(max.) Crack_Lesize

XR 0.5

1 1 5
- — — \
R 50 2 [ = [

@ 0.0 3 | :‘ ‘ ‘

4 [ = [
Material Properties
Material Constant (C) 71010 g [ El | \
Material Constant (n) 3.000 [ | :‘ [ [
Modulus of Elasticity (E) 3e7 7 | :‘ ‘ ‘ Start G
Poisson Ratio (v) 0.3 Aralysss

E [ = | [
Integration Order 12
Humber of Processor B Plot Crack Profiles

i [ = | [
[¥ Use transition element Crack_Lesize: Number of elements along crack front
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i# Cylinder Displacement

M=)

s

Change \Working Directory ‘

Project Name

ANSYS Path

ANSYS Path

test

Choose Axes of the Ellipse; Life Calculation

Copy Macro ‘

x_ellipse y_ellipse

C:\Program Files"A|

Cylinder and Crack Dimensions

D

Crack Length (c)
Crack Depth (a)
H

XR

YR
ZR

4]

Material Properties
Material Constant (C)

Material Constant (n)
Modulus of Elasticity (E)

Poisson Ratic (v)

Integration Order

Number of Processor

' Use transition element

NSYS Inc'w120%ansys binintel\ansys 120 exe

Blocks
Number of Crack Growth Increment Blocks[5 =] .
Life

Starting Crack Front Number = Calculation
Increment No  Number of Steps ~ Aa(max.) Crack_Lesize

1 [5 = (X [s0

2 5 = Jooz [s0

3 5 = [20

4 [5 =] Joos [20

5 [2 = [oos [s0

6 [ =N [

7 [ =N [ Start Crack Growth

Analyss
8 [ =] [
3 [ [
‘ :I Plot Crack Profiles
10 [ = [

Crack_Lesize: Number of elements along crack front

We click “Start Crack Growth Analysis” and crack growth analysis starts.

Frac3D Solver

Change Working Directory [

Project Name

ANSYS Path

ANSYS Path

‘ Copy Macro |

Choose Axes of the Ellipse; Life Calculation

x_ellipse y_ellipse

IC:\Program Files"ANSYS Inc\w120\ansys \bin‘intel\ansys 120.exe

Cylinder and Crack Dimensions

D

Crack Length (c)
Crack Depth (a)
H

XR

YR
ZR

a

Material Properties
Material Constant (C)

Material Constant (n)
Medulus of Elasticity (E)

Poisson Ratio (v)

Integration Order

Number of Processor

¥ Use transition element

Blocks
Number of Crack Growth Increment Blocks|5 3: ~

Life
Calculation

ﬂEJ

:\Documents and sEttlng.,\n

BN C:\WINDOWS\system32\cmd.exe

C:“Progran Files\ANSYS InchwiZ0hansy: invintelrcd

nin“\Desktopstmp

IC:“\Documents and Settings“Admin\Desktop:\tmp>copy test.elis_3d_frontl.matprop 3D
PC.elis_3d.matprop
dosya kopyaland?.

C \Ducumentr- and Settings“Admin\Desktop:tmp>copy test_Macro_Parameter_frontl.inp
acro_Parameter. i
" 1 dosya kopyaland?.

P :“\Program Files“ANSYS Inc\ulZIB\an..
DCPC_Macro_Cylinder Displacement.inp' —o ".

IC:“\Documents and Sett1ng_‘\ﬂdn1n\De_‘k§op\tm >

lys\binsintelvansys120 -b -

N3DCPC_macro .ouw

Plot Crack Profiles

Crack_Lesize: Number of elements along crack frant

10 [
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Change \wiorking Directory |

Project Name

test
ANSYS Path

ANSYS Path | Copy Macro |

IC:\Program Files\AMNSYS Inc'w120\ansys'\binintel\ansys 120 exe

Cylinder and Crack Dimensions Blocks

0

Crack Length (c)

Crack Depth (a)

B3 C:\WINDOWS\system32\cmd.exe

H 5.0
= Wall Clock Time <{Seconds)=

¥R 0.5 Starting Fracture Data Pre—processing
YR 0.0 Mall Clock Time <Seconds?

Fracture Data Pre—processing Done...
ZR 5.0

Wall Clock Time {Seconds>=
@ 0.0 Start Adjusting Data Structure...

ADJUSTMENT OF DATA STRUCTURE IS FINISI
Wall Clock Time (Secondsd=
Material Properties Adjusting Data Structure Done...

Material Constant (C)

Wall Clock
Start for

Time (Seconds>=
Searching Non—Zero Terms.

Material Constant (n) SEARCHING FOR HONZERO TERHS IN STRUCT
Mall Clock Time ¢Seconds)-
Medulus of Elasticity (E) 3e7 Searching Mon—-Zero Terms Done...
o (ER || Clock Time (Seconds>=
=L Start Element Matrix Calculation & As
Integration Order 12

Chaose Axes of the Ellipse:

x_ellipse

x =

Life Caleulation

y_ellipse

v =

Mumber of Crack Growth Increment Blocks| 5 3:

Life
Caleulation

REE
Bi

HED. .
5.0%

5.09

URE 1S DONE
10.42

10.46
sembly. ..

Number of Processor

v Use transition element

After solution, click “Plot Crack Profiles” button.

W Cylinder Displacement

Plot Crack Profiles

Crack_Lesize: Number of elements along crack front

Crange \oriurg Dwectory
Project Name e
Chocse Axes of the Eligse Life Calculation
x_ellipae y_olipoe
Prograem Fes\AN I areys tol\ar
Blocks
D ~ ~ >
Number of Ceack Growth lncrement Bic
rack Leog (<) 5 Life
: Calcutation
Crack Froet Number
H
lecremert No  Number of Stegs  Sa{max)
XA
YR
L 3 &
Material Properbes
Mazeal Corstart (C 71010 5 2
Matecial Corstart (r) 3000
s of Elasacity (B) 3e
Poisson Raso (v) Ay
Infegration Order
Plot Crack Probies

Number of Processor

vV Use traraiton element Crack_Losizo: Num

ber of elements along crack front
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/ First, select ellipse_final.inp file from the working directory.

=] X
Title
Browse | 12 .
== I
A |
Plot Crack Pro Kerum: [ sl e ®meE
5 B 1
XY Values 9 |5]step.inp
En Son
Kullandiklanm
Masasti 1
Belgelerim
Bigisayanm
«
1
A3 Baglantlznm  Dosya ad:: [etipse final inp | Ag B
Dosya tii [slipse_finalt* inp) = iptal
02 —+ E
Total profiles - 00 0.0 f f } . .
0.0 0.2 0.4 086 0.8 1.0 1.2
X Axis
Select step.inp file from the working directory.
7 E3
Title
Browse [ 1.2 T T T T
| |
Ag
Plot Crack Proi Korum: [ | -
5 [#)clipse_final.inp b
XX Values £C) || step.inp
En Son
Kullandiklanm
WMasaiistii )
Belgelerim
Bilgisayanm
«
.
A5 Baglantianm  Dosya adi [step.inp =l A E
Dosya tiini: |step.np{*ing) - iptal
02 + g
Total profiles - 00 0.0 } f } } }
0.0 0.2 0.4 06 0.8 1.0 1.2
X Axis
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/ Click “Plot Crack Profiles” button.

@ Crack_Profiles
Title
Browse | 1.2 T T T T T
Browse I
I Plot Crack Profiles
1.0 + g
XY Values
08 + E
4
& 06 1 .
>_
04 4 1
0.2 + B
Totol profiles 00 0.0 } } | } }
0.0 0.2 0.4 0.6 0.8 1.0 1.2
X Axis
You can see symmetry of the crack profiles.
@ Crack_Profiles
Crack Profiles
Browse | 0.6 . : ; . :
Browse I
‘ Plot Crack Proiiles
0.5 + -
XY Values
0.4 1
0.3 + E
0.2 + -
0.1 + -
Total profiles 30
0.0 } } f } } }
-05 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2
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/ It is also possible to get crack profiles using Microsoft Excel.
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K EXAMPLE.6. Plate Crack Insertion and Fracture Analysis \

We generate finite element model without crack using ANSYS™ Dimensions of plate are 2W=50
mm, 2H=50mm, t=5 mm. Plate is subjected to uniform tension loading.

146



FCPAS Tutorial — Version 1.0

/ After we get finite ANSYS™ model without crack, we start to insert crack into the plate.In this\
example, a/t and a/c ratios are equal to 0.2. So, crack length (2c) is 5 mm. and also crack depth (a)
is1 mm.

2W=50 mm.
2H=50 mm.
t=5mm.
2¢c=5 mm.
a=1mm.

2w

e
w
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/ First, we select “Crack Insertion and Fracture Analysis” button.

i FCPAS - Fracture & Crack Propagation Analysis System (v... (=] B3

FCPAS

version 1.0

<« 4 ™

é Cracked Model Developed using ANSYS

- % Crack Insertion and Fracture Analysis

Select “working directory” and *.node extension file, comes from ANSYS™.

i FCPAS 1.0-2)Crack Insertion and Fracture Analysis ==
File  Help
Working Directory-File Format |CIEId{ Insertion | GEO File | RUN File | Fracture Analysia | Fracture Info | Post Processing | Visualization
—Control Panel
ChangeWorking Dieciory

\Working Directory
|C:\Documems and Settings‘Admin‘\Desktop\1

Node File
[1.n0de

\working Directory
Crack Insertion

Node File Format GEO File

Run File
# Fracture Analysis
Fracture Info
Past Processing
Visualization
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/ In this tab, we perform “Crack Insertion”.
e Select *.node2 extension file using “Browse” button.

e Give coordinates of crack center.
e Chunk radius: Chunk is a volume that contains crack.
e Give Crack Length, Crack Depth, Number of nodes along crack front and angles.
e C(Click “ChunkSeperator” button and create chunk with crack.
W FCPAS 1.0-F)Crack Insertion and Fracture Analysis LIEE
Fie Help
Wiskersy Divecteny Fil Foman  rack besesters | GED) Fle | RIS Fila | Frascture raiess | Fracturs it | Fest Proesarss | Visushraten |
Conieal Paral
File Harme without schmaion - it |
- y - e
Coordeanes of Crack Center = = It
Durecton Cosimes of Crnek's "~ Auxia 1 B 1 Hormmal dat #
Garorstn Churk
b Fladiad [ss
Cirnck Lasgth 13
Crnck Dapth i
Mumber of rades siong ceack bort 0 ) i Seperaor '-Mt-imnl:m:IL Durectory
Zngla o rotabon sbout e bee surfsce nermal (Gamma)) [0 SE0 P
g lectaton shout Be crack leca xaig (Thets) [0 'ﬁ' Lz
Framise Lrshisd
Fepctare lndy
Post Processing
“Vigkaation
.
- =
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Here, we write “Element edge length”.
Click;
e 1)Run Tetgen
e 2)Unify Chunk — Original Meshes
e 3)Generate Quadratic Elements — Midside Nodes.

Now, cracked finite element is ready to fracture analysis.

LETCPRS 102 ock Wertion and Frocture Anaiysh & %
Fle  Heb
Viaring Dwectary e Fommt | Crack irsaon  GEO Fie | R Fe | Fracture Anabyws | Feactum s | Post Processing | Vieusizaton |
- Cortrel Pasel
|~ Genesston of Chonk Volume Mesh Usieg Tenpen® - . Triangle Softwore Usage is Limied 10 Thes Copynght
g 1) Run T etga®
Commandline: | bt €3 Cy e ke Yiancle b
Bemert eszetengsr: 005 # Totgen Softwnro Usage is Limited 1o This Copynght
Ao Metonn berben dey
|
ZWUnity vk - Oviginal Meshes 1) Genedata Quadiatic Domernts - Madds Nodes
# # orong Desctory
Crack nserion
GEO File
Pun Fle
- -
Fracaos iefo
Post Processing
Viscaluzason
- =
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/ In “RUN File” tab, we select material properties.

Fracture Analysis.
“Frac3D Solver”.
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K Fracture Info and SIFs graphic.

:
2
:
|
g
:
:
:
]

Fe  Hep

L]

‘Warkng Diveciory-Fle Format | Srack: raesson | GEG Fle | BUN i | Foackure srates Frache o | Fos Frocemeg | Wesstazson |

GERERERCRCEIRtaRIIaEianangt
AHRNRRRRRAARARARANEERRRRANS

ERIRNRRARCIERUAIRNATEENNSE
G BE S A M RER YRR RNGE

EEEED I L R
. ENRNERRERUARGREYRAGRANANALS
¢ BiRRGiRRRiRgezEanascaanicts
mmguummmmmwmmmmmwmmmmm,,mmmmm
SRR L
IRIBNAERERRNASAANARRGEAAARLS

Wik Dirvctony il Format | Crick et | GED Fle | FIUN Fle | Fracturs frsiyan  Frist e | Pt Procesae | Wausizanen |
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Cut-views of near-crack-surface meshes
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