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K, Through Thickness Crack in Flat Plate
: Subject 1o a Uniform Crack Face Pressure
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So EDI method is by far the most accurate, most robust, and most general (plasticity, kinetic, ....).
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Computing K and J with Ansys:
- Displacement approach
- EDI

All apps Back
m Grating Surface Editor 2024 R2
H IESNA LM-63 Viewer 2024 R2
Mechanical 2024 R2
ﬂ Mechanical APDL 2024 R2
m Mechanical APDL Product Launcher 2024 R2

Change this to shared memory:

Links Help
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igh Performance Computing (HPC) Run:
None -
® |Jsa Shared-Memory —Number of threads

Use Distributed Cc

Creating the geometry

cieLes

yocessor

lement Type

eal Constants

aterial Props

ections

odeling

| Create [K] Create Keypoints in Active Coordinate System
8 Keypoints NPT Keypoint number

210n Working Plane S
in Active CS

BB Create Keypoints in Active Coordinate Syster

= X.Y.Z Location in active CS

A On Line

#0n Line w/Ratio
210n Node

A KP between KPs

Under plot controls

n B Flot Numbering Contrals i
[/PMUM] Plot Mumbering Controls
KP Keypoint numbers ¥ On
LINE Line numbers ¥ On
AREA Area numbers ¥ 1On
VOLU Velume numbers off
Node numbers off
Elem / Attrib numbering Mo nu -
TAEN Table Names Off
SVAL Mumeric contour values Off
AA Domain numbers Off
[/NUM] Numbering shown with -

PLOT] Replot upon

Next we create lines
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Main Menu

srences
rocessor
ement Type
sal Constants
aterial Props
ictions
cdeling
Create
@ Keypoints
B Lines

B Lines

=

#AIn Active Coord
A Overlaid on Area
A Tangent to Line
A Tanto 2 Lines
2 Normal to Line
# Norm to 2 Lines
A At angle to line
#A Angle to 2 Lines

& Arcs

@ Qnlinae

Create areas:

aTHveS

rocessor
ement Type
:al Constants
aterial Props
:ctions
cdeling
Create
@ Keypoints
& Lines
B Areas

B Arbitrary

R Through KPs

A Overlaid on Area
By Lines

Preferences a

Defined Element Types

IONE DEFINED
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Create the element type

Preferences -l
Preprocessor
B2 Element Type
[=JAdd/Edit/D {
B3 Switch Elem Type
= Add DOF
B Remove DOFs
= Elem Tech Control
& Real Constants
@ Material Props
@ Sections
& Modeling
& Meshing
& Checking Ctris
@ Numbering Ctris
@ Archive Model
& Coupling / Cegn
@ Loads
@ Path Operations
Solution
General Postproc
TimaHist Pastnra

Defined Element Types

B Library of Element Types

Library of Element Types

Element type reference number
oK Apply
Add

Close

Choose plane stress or strain under options

| & @ e8] | 2| |

IONE DEFINED

Structural Ma:
Link
Beam
Pipe

|
Solid-Shell

Cancel

55 Quad 4 node 182

Help

=
wufemn“s .................. “NE . Defined Element Types
:
| Preprocessor ) . EE
& Element Type
B Switch Elem Type PLANE18Z element type options
B Add DOF Options for PLANE183, Element Type Ref. No. 1
B Remove DOFs )
= Elem Tech Control Element shape Kl Quadrilateral
& Real Constants )
© Material Props Element behavior G Plane stress
@ Sections ) )
# Modeling Element formulation K6 Pure displacemnt
= Meshing (NOTE: Mixed formulation is not valid with plane stress)

& Checking Ctris
@ Numbering Ctris oK
@ Archive Model
# Coupling | Cegn
# Loads

Cancel

Options |

&= Path Operations
| Solution
| General Postproc
| TimeHist Postpro
| Radiation Opt
1 Session Editor

1 Ciminb

Create the material

| Preprocessor
& Element Type ]
& Real Constants
& Material Props

@ Material Library Material Models Defined
B Temperature Units P iaterial Model N 1

B Electromag Units
5] terial |

B Convert ALPx
B Change Mat Num
& Failure Criteria
B Write to File
B Read from File
& Sections
= Modeling
& Meshing
@ Checking Ctris
B Numbering Ctris =)
& Archive Model — 2

M Casmline | Sann

Apply the BCs on the geometry
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Delete

Help

Material Models Available

= Favorites
@ Structural
@8 Linear

&

Elastc
g sotropid
€ Orthotropic
€ Anisotropic

=@ Monlinear
€ Density
& Thermal Expansion

@ Damping

& Crictinn Canfficiant

B Linear Isotropic Properties for Material Nurmber 1

Linear Isotropic Matenal Properties for Matenal Number

T
EX 1
PRXY a
Add Temperature | Delete Temperature (



In FEM, the default is traction free. So, if for a direction traction
is zero, we don't do anything

e Select List Plot PlotCirls WorkPlane Parameters Macro MepuCtris Help

|=a o sl ¢ H

olbar

/o)

AVE_DB| RESUM_DB| QUIT| POWRGRPH|

ain Menu

Preferences
Preprocessor
= Element Type
& Real Constants
&= Material Props
@ Sections
= Modeling
= Meshing
@ Checking Ctris
& Numbering Ctris
& Archive Model
& Coupling / Cegn
B Loads
@ Analysis Type
2 Define Loads
@ Settings
B Apply
& Structural
B Displacement
PalOn Lines
A 0n Areas
A On Keypoints
#0n Nodes
A 0On Node Compor
B Symmetry B.C
@ Antisymm B.C.
& Force/Moment
& Pressure

Apply uy = 0 on the left and right segments (bottom edge)
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ain Menu

Preferences | 5

Preprocessor T ' m Apply LLROT on Lines

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

& Real Constants Lab2 DOFs to be constrained All DOF

&= Material Props
@ Sections
= Modeling
& Meshing
@ Checking Ctris
B Numbering Ctris
& Archive Model
& Coupling / Cegn
B Loads
& Analysis Type Apply as Constant value
2 Define Loads
= Settings
8 Apply
8 Structural Cancel
B Displacement
Al ]
A 0n Areas
A On Keypoints
A 0n Nodes
A 0On Node Compor

Uy

VALUE Displacement value

mmet

B8 Apply UROT on Lines

[DL] Apply Displacements (U,ROT) on Lines
Lab2 DOFs to be constrained

Ux
Apply as Constant value
VALUE Displacement value

Cancel

Rale

Dipriamic M

Pressure on the top line:
inalysis Type
lefine Loads
3 Settings
3 Apply
= Structural

@ Displacement

& Force/Moment

B Pressure

R On Araae
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[SFL] Apply PRES on lines as a

Constant value

if Constant value then:

VALUE Load PRES value

I Constant value then:
Optional PRES values st end ) of line
(leave blank for uniform PRES )

Value

oK Apply

Specify the element formation around the crack tips:
SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

_Main Menu_
& Preferences
& Preprocessor
@ Element Type
& Real Constants
@ Material Props
@ Sections
@ Modeling
& Meshing
& Mesh Attributes
B MeshTool
8 Size Cntris
2 SmartSize
& ManualSize
8 Concentrat KPs
PlCreate
B List
E Mesher Opts
@ Concatenate
@ Mesh
& Modify Mesh
& Check Mesh
@ Clear
@ Checking Ctris

Aain Menu

1Preferences
1 Preprocessor
@ Element Type
@ Real Constants
@ Material Props
& Sections
@ Modeling
& Meshing
@ Mesh Attributes
E MeshTool
B Size Cntrls
@ SmartSize
@ ManualSize
8 Concentrat KPs
B List
E Mesher Opts
@ Concatenate
= Mesh
= Modify Mesh
@ Check Mesh
@ Clear
B Chackina Ctris

Concentration Keypoint

B Concentration Keypaint

[KSCON] Concentration Keypoint
NPT Keypoint for concentration

DELR Radius of 15t row of elems
RRAT Radius ratio (2nd row/1st)

NTHET No of elems around circumf

KCTIP midside node position

Repeat this for the other 3 CTs

Next we mesh the domain
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SAVE_DB| RESUM_DB| QUIT| POWRGRPH

®

Main Menu

El Preferences
= Preprocessor
& Element Type
& Real Constants
= Material Props
@ Sections
= Modeling
= Meshing
& Mesh Attributes
B MeshTool
& Size Cntris
E Mesher Opts
= Concatenate
& Mesh
A Keypoints
A Lines
B Areas
@ Mapped
FFree
# Target Surf
# Volumes
@ Volume Sweep
@ Tet Mesh From
& Interface Mesh
& Modify Mesh

Pick all to mesh the whole domain
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solution

Post processing

- Deformed shape
MIn Menu
E Preferences
& Preprocessor
& Solution
£ General Postproc
B Data & File Opts
B Results Summary
& Read Results
@ Failure Criteria
B Plot Results
=
= Contour Plot
& Vector Plot
@ Plot Path Item
@ Concrete Plot
& ThinFilm
@ List Results
@ Query Results
B Options for Outp
E Results Viewer
& Nodal Calcs
& Element Table
@ Path Operations
= Surface Operations
B Load Case
@ Check Elem Shape
= Write Results

= Preferences
@ Preprocessor
B Solution
= Analysis Type
& Define Loads
@ Load Step Opts
& SE Management
B Results Tracking
B Solve
=|
B From LS Files
# Manual Rezoning
& ADAMS Connect
& Diagnostics
B Unabridged Men|
@ General Postproc
= TimeHist Postpro
&= Radiation Opt
5 Session Editor
3 Finish
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SOLUTION OFPTIONS

PROBLEH DIMENS IONALITY D

DEGREES OF FREEDOH.

ANALYSIS TYPE =

GLOBALLY ASSEMALED MATRIX . . . [l Solve Curent Load Step *
LOAD §

[SOLVE] Begin Solution of Current Load Step
LOAD STEP NUMBER. . . . . . . .
TIME AT END OF THE LOAD STEP .

NUMBER OF SUBSTEPS. . . . . . . Review the summary information in the: lister window
SIER CHANGE BOUNDARY CONDITIONS (enfitied “/STATUS Command"), then press OK to start
DATABASE OUTPUT CONTROLS. . . . the solution

oK, Concel | Help




SAVE_DB| RESUM_DB| QUIT| POWRGRPH

Main Menu

E Preferences
= Preprocessor
& Solution
& General Postproc
B Data & File Opts
E Results Summary
& Read Results
@ Failure Criteria
& Plot Results
B Deformed Shape
2 Contour Plot
=
B Element Solu
& Elem Table
B Line Elem Res
@ Vector Plot
@ Plot Path Item
= Concrete Plot
& ThinFilm
@ List Results
& Query Results
B Options for Outp
= Results Viewer
@ Nodal Calcs
& Element Table
= Path Operations

Calculating SIF:

- Method 1: Displacement

= W
symmelry {or

anfi- symmely)
plane

quure 4 Nodes used for the approximate crack-fip displacements in {a) Half model

and (b) Full model
pf/ “RQ

or alternatively from the first quarter point element: b

A
éﬂ:
D p
Q,l L
: f
u' :_Jll— [—iiﬁii + 4wy, — 0 \
o =T, 4 (=57 °0C¢  [9m
-\ (-804 + 47 - )
Recall for 1D N Py VI ( A +4Uvp (
u=u + 2= T (—3uy — uz + dug) + %m, +ug — 2ug)

Kn[T2s+1VI |10 Z{F']-.I[:F'H F},) [,—r f—I}

278 Mixed mode generalization:

To get K from this approach, we need to do the following:
a. Define a local coordinate system
b. Define points 1 to 3 (or 1 to 5) in the figure above.

Plot -> nodes
Create a local coordinate system

s (2024AxisymmetryEx)
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Create a local coordinate system

nu (2024AxisymmetryEx)
tis WorkPlane Parameters Macro MepuClris Help

Display Working Plane =
Show WP Status
WP Settings

I
Offset WP by Increments

Offset WP to
Align WP with L
Change Active CS to ’

Change Display CS to »

Local Coordinate Systems *| Create Local CS * IECRWSEOUT )]

Delete Local CS By 3 Keypoints +

Move Singularity

At Specified Loc +

5 Create C5 By 3 Nodes

[CS] Create Local CS by 3 Nodes
KCN Ref number of new coord sys m

KCS Type of coordinate system Cartesian

Following used only for elliptical and toroidal systems

PAR1 First parameter

PARZ Second parameter

Cancel

Define the three nodes used to calculate K:
This is done using the "path"
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Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

D]

Main Menu

El Preferences

@ Preprocessor

@ Solution

= General Postproc
El Data & File Opts
B Results Summary
& Read Results
& Failure Criteria
& Plot Results
@ List Results
B Query Results
& Options for Outp
Bl Results Viewer
@ Nodal Calcs
& Element Table
B Path Operations

& Define Path

Al ad
jorking Plane
B By Location
@ Path Status
Modif

Pat

& Delete Path
B Plot Paths

DAVE_UD| HEDUM_UD| WUl | FUVWHGLHER

Main Menu 6

& Preferences = By Nodes
= Preprocessor
@ Solution
& General Postproc
& Data & File Opts
& Results Summary
@ Read Results
@ Failure Criteria
& Plot Results
& List Results
@ Query Results
B Options for Outp
Bl Results Viewer
& Nodal Calcs
@ Element Table
B Path Operations
& Define Path
R

orking Plane
B By Location
B Path Statu
Mod
B Path D
& Delete Path
B Plot Paths

B By Nodes

[PATH] Define Path specifications
Name Define Path Name :

nSets Mumber of data sets

nbiv  Number of divisicns

sokokskokskokkkk DATH QTATUS %% % % kkskoskok
Path  nPts nSets  nDiv
P_CT_BR 3 30 20
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@ Preprocessor

@ Solution

= General Postproc
B Data & File Opts
B Results Summary [BR stress Intensity Factor
# Read Results
& Failure Criteria

[KCALC] Stress Intensity Factors K, KII, KIl

] P|0t Results KPLAM Disp extrapolat based on 'p ane stress
@ List Results MAT  Material num for extrap 1
& Query Results T e

. Lo Viodel type -
B Options for Outp ¥F [Half - symm be. |
E Results Viewer KLOCPR Print local disp's? Mo

& Nodal Calcs
B Total Force Sum )
B Sum @ Each Node Cancel
& Summation Pt
[Stress int Facts

& Element Table

E Path Operations

= Surface Operations

**%% CALCULATE MIXED-MODE STRESS INTENSITY FACTORS ****
ASSUME PLANE STRESS CONDITIONS
ASSUME A HALF-CRACK MODEL WITH SYMMETRY BOUNDARY CONDITIONS (USE 3 NODES)

EXTRAPOLATION PATH IS DEFINED BY NODES: 147 154 153
WITH NODE 147 AS THE CRACK-TIP NODE

USE MATERIAL PROPERTIES FOR MATERIAL NUMBER 1
EX= 1.0000 NUXY= 0.0000 ATTEMP = 0.0000

*xA*k K= 1.2627 , KIl= 0.0000 , KlI= 0.0000  ****

. N
AT E R

g Uy o T

=

Method 2:
Calculating K through J (Equivalent Domain Integral: EDI)

Go to preprocessor
Main Menu
E Preferences
@ Element Type
@ Real Constants
= Material Props
= Sections
& Modeling
® Meshing
&2 Checking Ctrls
= Numbering Ctris
& Archive Model
& Coupling /| Cegn
= Loads
= Path Operations
& Solution
@ General Postproc
= TimeHist Postpro
= Radiation Opt
[ Session Editor
= Finish

1. Define an integral
CINT,NEW,1

2. Specify the type of contour integral to be done (here it is the J-integral)
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s

e s —

Sl = CINT, Action, Par1, Par2, Par3
D|=| & @ & 2| BNt TYPEINT

Toolbar

3. We need to create an assembly containing only the crack

tip:
Select List Plot PlotCirls W
Entities YPE

B Select Entities

Nodes '|

By NumfPick -

r ' From Full
Reselect

~ Also Select
Unselect

Sele All | Invent
Sele None|

Select the crack tip

B =L CINT. Action, Par1, Par2, Par4, Pa|
Entities IYPE,JINT|

Component Manager
Create Component .

B Create Component

[CM] Create Component
Crame Component name CRACK_TIP_BR

Entity Compaonent is made of Nodes -

oK Apply Cancel | Help

CINT,CTNC,CRACK_TIP
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