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Different elements/methods to compute K
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EDI that we covered last time

Use two layers + and even with normal elements we get
very good results for J and K
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Is using finer finite element method going to address the other two method's inaccuracies
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Jintegral: 2. EDI FEM Aspects

* SinceJ, -8theinnerJ, collapses to the crack tip (CT)

* J, will be formed by element edges

* By using spider web (rozet) meshes any
reasonable number of layers can be used
to compute J:

Computational project
Launch Ansys mechanical APDL

Make sure to use shared memory option on your
computer after launching the program:

A 2022 R2: Ansys Mechanical APDL Product Launcher [Profile: *** Last AE Run ***] ..  — X
File Profiles Options Tools Links Help

Simulation Environment:
ANSYS | v]
License:

Ansvs Mechanical Enterorise
0 Show Legacy Lic
[ Customization/
Preferences
Type of High Performance Computing (HPC) Run:
GPU Acceleratic None | ¥

® Use Shared-Memory --Number of threads (( |4

> Use Distributed Cc INTEL MPI (defafd

TR
Jv\o&c}\/;" QM
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Defined Element Types:

Main Menu

>references
Jreprocessor
e Element Type

=]JAdd/Edit/Delete

= Switch Elem
B Add DOF

& Remove DOFs
B Elem Tech Con
Real Constants

Material Props
@ Sections
Modeling
@ Meshing
Checking Ctris

@ Numbering Ctris

Archive Model

Coupling / Ceqn

Loads

@ Path Operations

Solution

Ty

Library of Element Types

Library of Element Types

ONE DEFINED

Quad 4 node 182
‘
Brick 8 node 185
20node 186
concret 65

Structural Mass
Link
Beam
Pipe

Shell

Solid-Shell 8 node 183

Element type reference number 1

Cancel J
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Use plane strain
Add the material

3references

>reprocessor

@ Element Type

@ Real Constants

@ Material Props
@ Material Library
Temperature Ui
B Electromag Uni
=IMaterial Models
B Convert ALPx
Change Mat Nu
@ Failure Criteria
= Write to File
B Read from File

= Sections |

Material Models Defined

AMaterial Model Numberf=s

= Favorites
@@ Structural
i@ Linear
8 Elastic
@ D
@ Orthotropic
€ Anisotropic
& Nonlinear
@ Density
@ Thermal Expansion

® Modeling

Material Models Available

AVARVASYEEEEENN | o

ﬁ Linear Isotropic Properties for Material Number 1

Linear Isotropic Material Properties for Materi

Add Temperature | Delete Temperature

0K

|

m Mashines

Creating the geometry:

grN—— OO
J
D)
&
A Y,
o [
\yon

WPOV“’\S
Preprocessor

@ Element Type
@ Real Constants
@ Material Props
@ Sections
& Modeling

@ Create

2 Keypoints 44
2 0n Working Plane

TR

Q-Cr2 ¢

29,0

B Create Keypoints in Active Coordinate System

[K] Create Keypoints in Active Coordinate System

NPT Keypoint number 1

X.Y,Z Location in active CS 0 o

oK

Apply Cancel

Help
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Use plot cntrls to show keypoint, line, area numbers

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D= B8 & & 2 =

Toolbar
SAVE_DB| RESUM_DB| QUIT POWRGDP‘-‘j

{*M Plot Numbering Controls
Main Menu ® [/PNUM] Plot Numbering Controls
Preferences - KP Keypoint numbers
Preprocessor LINE Line numbers

Element Type
Real Constants
Material Props

AREA Area numbers

VOLU Volume numbers

Sections NODE Node numbers
8 MOdehng Elem / Attrib numbering [No numbering
=]
Create TABN Table Names

8 Keypoints
2 0n Working Plane

SVAL Numeric contour values

B o DOMA Domain numbers
2 -

70n L!ne g [/NUM] Numbering shown with IColows & inunbers
A 0n Line w/Ratio

2 0n Node [/REPLOT] Replot upon OK/Apply? [Replot

A KP between KPs
A Fill between KPs
= KP at center

@ Hard PT on line

0K Apply Cancel

Creating straight lines between keypoints

ME524 Page 6



SAVE_DB| RESUM_DB | QUIT| POWRGR _

Main Menu ®

Jreferences -
Jreprocessor
@ Element Type
= Real Constants
@ Material Props
@ Sections
= Modeling
@ Create
@ Keypoints
2 Lines
2 Lines
ARE p
AIn Active Coord
72 Overlaid on Area
A Tangent to Line
A Tan to 2 Lines

After plotting the lines

Next, create the areas:
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Create Area by Lines

Main Menu @ pick ¢ Unpick
Jreferences @ Single
Jreprocessor . ¢

@ Element Type

= Real Constants
Material Props
= Sections
e Modeling
a Create
Keypoints
@ Lines
= Areas
2 Arbitrary
A Through KPs
Z Overlaid on Area
4By Lines
Z By Skinning
7 By Offset
= Rectangle
@ Circle

Apply BCs

ME524 Page 8



Main Menu

B Preferences
= Preprocessor

@ Element Type

Real Constants

@ Material Props

@ Sections

@ Modeling

@ Meshing

@ Checking Ctrls

@ Numbering Ctris

Archive Model

@ Coupling / Ceqn

e Loads

@ Analysis Type
e Define Loads
Settings
= Apply
a Structural
e Displacement

BJon Lines|
A 0n Areas
2 0n Keypoints

Apply UROT on Lines

@ pick  Unpick

(¢ Single
 Polygon

(" Loocp

Count
Maximum
Minimum

Line No. =

( List of Items

(" Min, Max, Inc

Bottom lines except the crack segment selected
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@]
Apply U,ROT on Lines

[DL] Apply Displacements (U,ROT) on Lines

Lab2 DOFs to be constrained All DOF
UX
uy
Apply as '“Crormant value .'_.

VALUE Displacement value

Similar thing for the left side but Ux =0

Apply the load on the top

Main Menu

@ Meshing
Checking Ctris
Numbering Ctrls
Archive Model
@ Coupling / Ceqn
= Loads
@ Analysis Type
e Define Loads
@ Settings
& Apply
& Structural
@ Displacement
@ Force/Moment

e Pressure
p210
2A0n Areas 34 . 1
20n Nodes o ' ® List of Items
2 0n Node Components C Min, Max, Inc

Z20n Elements
Z0n Element Components
& From Fluid Analy

NAn Danme oK Aty
1

Enter -10

Next is meshing
We first specify crack tips so a spider web mesh is created around it

Choose concentrated KP
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o alciiarrs Upb
= Sections
Modeling
2 Meshing
Mesh Attributes
& MeshTool
s
@ SmartSize
@ ManualSize
@ Concentrat KPs -

Do the following for all the crack tips

NOV 1 2022

Concentration Keypoint

[KSCON] Concentration Keypoint

NPT Keypoint for concentration |4

DELR Radius of 1st row of elems 02

RRAT Radius ratio (2nd row/1st) 0

NTHET No of elems around circumf [16

KCTIP midside node position
ok | Apply | Cancel ] Help |

Ready to mesh it now

g wienu

& Preferences Miech Areas
e Preprocessor
= Element Type @ vick Unpick
Real Constants © single ( Box
@ Material Props C Polygon ( Cirele
Sections Py
@ Modeling Count
2 Meshing Maxizum
Mesh Attributes Hnimm
& MeshTool e e
Size Cntrls # List of Items
8 Mesher Opts { Min, Max, Inc
Concatenate
a Mesh
A Keypoints
A Lines
= Areas
Mapped
qlFree
7 Target Surf

Can choose pick All option

Warning X

Shape testing revealed that 67 of the 358 new or
A modified elements violate shape warning limits. To
=3 review test results, please see the output file or issue
the CHECK command.

Close ‘

B LA A A . ————
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Solving this
bAVI:_UbI KI:bUM_UUI QI I FUWKUK!"HI

Main Menu Wl /sTATUS Commar
& Preferences ¢
@ Preprocessor SOLUTION OPTIONS
& Solution PROBLEM DIMENSIONALITY. . . . . . . . . . . . . 2-D
@ Analysis Ty anatvsis Tepe oo o - oot STATIC (STEADY-STATE)
@ Define Load! GLOPALLY ASSEMBLED MATRIR - 0 0 _ 0 0 D 00 C SYMMETRIC
. Load step LO .Solve Current Load Step X

@ SE Managen iim ﬂszmzﬁ;?fr:ﬁng'mi [SOLVE] Begin Solution of Current Load Step

Results Tra g%gm BOUNDARY CO

= Solve PRINbAE T puT charsor, Review the summary information in the lister

window (entitled "/STATUS Command"), then
B From LS press OK to start the solution.

@ Manual Rez

= ADAMS Con Tk ] comes | e |

- s alfaa

e General Postproc
Data & File Opts
Results Summary
@ Read Results
@ Failure Criteria
& Plot Results

Deformed Shape
®

. Plot Deformed Shape
PLDISP] Plot Deformed Shape
UND ltems to be plotted
" Def shape only
" Def + undeformed

ok | Apply | Cancel | Help |
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rue Select LISt FIOU FIOILINS VVOrKriane i montour Nodal Solution Data

D = d @ & & 2 g Item to be contoured
Toolbar @ Favorites
o Nodal Solution
SAVE_DB| RESUM_DB| QUIT| POWRGR| & DOF Solution
z & Stress
Main Menu € @ X-Component of stress
B Preferences = @ Y-Component of stress
@ Preprocessor @ Z-Component of stress
@ Solution @ XY Shear stress
2 General Postproc @ YZ Shear stress
B Data & File Opts @ XZ Shear stress
= Results Summary @
@ Read Results @ 2nd Principal stress 54
@ Failure Criteria - )
2 Plot Results
8 Deformed Shape Undisplaced shape key
= c; t: -~ Undisplaced shape key |Deformed shape only M
= Element Solu Scale Factor |Auto Calculated ~||0.498337162374
& Elem Table
B Line Elem Res Additional Options ®|
@ Vector Plot = e
& Plot Path Item

We want to calculate K and J for the right crack tip on the bottom

Recall displacement-based formula:
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1. K from local fields

1. Displacement

X
AK 1/ . E'u, [2m E  planestress
uy(r,0d=m) = VT K; = lim ~\/— (@ =mn) Br={", PHEE
y\!s I 0 7=z plane strain
V2rE' r— 4 7 ‘
)'\ ,1:\”
or alternatively from the first quarter point element: NP \
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Figure 4) Nodes used for the approximate crack-tip displacements in (a) Half model
. and (b) Full model
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1. Local CS

Plot nodes
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WorkPlane Parameters Macro MenuCtrls Help

Display Working Plane
Show WP Status
WP Settings ...

Offset WP by Increments ...
Offset WP to 4
Align WP with 4

Change Active CS to 2
Change Display CS to '

Local Coordinate Systems *| Create Local CS * GRS ([+]1 I

Delete Local CS ... By 3 Keypoints +

Move Singularity ... By 3 Nodes +

At Specified Loc +

Num_ber 11 is fine

-1

ﬁ Create C5 By 3 Nodes

[CS] Create Local CS by 3 Nodes

KCN Ref number of new coord sys fi1

KCS Type of coordinate system .Certesnan 0 -|

Following used only for elliptical and toroidal systems

PAR1 First parameter 1

PARZ Second parameter 1

oK Apply Cancel Help

Call this coordinate system

WorkPlane Parameters Macro MenuCtrls Help

Display Working Plane
Show WP Status
WP Settings ...

Offset WP by Increments ...
Offset WP to ’
Align WP with 4

Change Active CS to 4 Global Cartesian

Change Display CS to »  Global Cylindrical
Local Coordinate Systems * Global Cylindrical Y
’ BN  Global Spherical

-} Specified Coord Sys ... | .
@ Working Plane i
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&l Change Active C5 to Specified C5

[CSYS] Change active coordinate system to specified system

KCN Coordinate system number 1

0K Apply Cancel Help

2. Defining the path:

e Preprocessor By Nodes
@ Element Type S P

Real Constants

Material Props

@ Sections

@ Modeling

@ Meshing

@ Checking Ctris

@ Numbering Ctris

Archive Model

@ Coupling / Ceqn

@ Loads it

@ Path Operations M
@ Define Path

A= | CET—
8 On Working Plane —] Z - ‘
& By Location J
@ Path Status Help |

8 Modify Path I

ﬁ By Nodes

PATH] Define Path specifications

Name Define Path Name: cp_by

15ets Number of data sets

Div  Number of divisions

OK Cancel Help

Path  nPts nSets nDiv
CP_BR 3 30 20
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& General Postproc
B Data & File Opts
B Results Summary
@ Read Results
@ Failure Criteria
Plot Results
@ List Results
@ Query Results
B Options for Outp
B Results Viewer
=
& Total Force Sum
& Sum @ Each Node
@ Summation Pt
& Stress Int Factr

ﬁ Stress Intensity Factor
[KCALC] Stress Intensity Factors K, KII, Kl

KPLAN Disp extrapolat based on Plane strain M|

MAT  Material num for extrap

b ot - ommbe )

KLOCPR Print local disp's? No

0K Cancel | Help

ﬂ Mechanical APDL 2022 R2 Output Window

VICE-NAME

ENTER FIN

-

'K ;/O,QQ'?‘TC: !
L 0TS
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