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Compute K with two methods:

1. From displacement field
2. Jintegral
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= Material Props
= Sections
& Modeling
& Create
a Keypoints
R On Workin:
Clin Active Cf

A0nline

Plot PlotCtrls WorkPlane Parameters
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B Create Keypoints in Active Coordinate System

[K] Create Keypoints in Active Coordinate System

NPT  Keypoint number

XY.Z Location in active CS

Help
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Modeling
e Create
@ Keypoints
e Lines
e Lines
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© FTeprocessor
@ Element Type
@ Real Constants
@ Material Props
@ Sections
& Modeling
e Create
@ Keypoints
@ Lines
a8 Areas
e Arbitrary
# Through
A Overlaid

A By Offse
@ Rectangle
@ Circle
= Polygon

0 Avaa Cillasd

Create Area by Lines
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oK Apply Cancel
Macro MenuCtris Help
< [ Plot Numbering Controls
[/PNUM] Plot Numbering Controls
KP Keypoint numbers ¥ On
LINE Line numbers Off
AREA Area numbers W On
VOLU Volume numbers vV On
NODE Node numbers I~ off
Elem / Attrib numbering [No numbering -
TABN Table Names I~ off
SVAL Numeric contour values Off
DOMA Domain numbers Off
[/NUM] Numbering shown with [Colors & numbers -
[/REPLOT] Replot upon OK/Apply? [Replot -
OK Apply Cancel | Help
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b) Quadratic

Physical space

And this one around the crack tip

Quarter point
Tri element

Improvement:
- Better accuracy and
less mesh sensitivity
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Main Menu &

B Preferences =
e Preprocessor
8 Element Type

Defined Element Types:
INONE DEFINED

=1Add/Edit/Delete u Library of Element Types

B Switch Elem Tyt Library of Element Types [Structural Mass ~ | [Quad 4 node 182 -

BAdd DOF Iél:akm Brick 8 node 185

= Remove DOFs Pipe 20node 196

B Elem Tech Cont o concret 63 :
@ Real Constants L_Solid-Shell ][ &node 183

= Material Props

= Sections

= Modeling

@ Meshing

& Checking Ctrls
@ Numbering Ctris

m Avabkivia AMadal

Element type reference number 1

oK Apply Cancel Help

Defined Element Types:
pe 1 PLANE183

nPLAhE]Ei element type options

Options for PLANE123, Element Type Ref. No. 1

Element shape K1 (Quadrilateral -
Element behavior K3 |Planc stress - |<
Element formulation K6 [Pure displacemnt -

(NOTE: Mixed formulation is not valid with plane stress)

oK Cancel Help

Add...

IS VLS 33V - I b e | L7 )|

@ Element Type D Linear Isotropic Properties for Material Number 1 *
= Real Constants Material Models Defined Material Models Availat
2 Material Props : -l i Linear Isotropic Material Properties for Material Number 1
@ Material Library “A\aterial Model Number 1 Favorites inear Isotropic Material Properties for Material Number
B Temperature Units & Sgqutural
inear T1

B Electromag Units
=lMaterial Models|
B Convert ALPx

@ Elastic
e Temperatures [
& Orthotropi¢ EX o0

8 Change Mat Num @ Anisotropic

@ Failure Criteria & Nonlinear Pl |PRXY |q

& Write to File @ Density

B Read from File | = Thermal Expansia
= Sections Al | | Add Temperature ‘ Delete Temperature ‘ Graph |
= Modeling u
= Meshing 1 = | e | e |

Apply the loads:
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@ Modeling UROT on Lines
@ Meshing
@ Checking Ctris
@ Numbering Ctris
@ Archive Model
= Coupling / Ceqn
e Loads
@ Analysis Type
& Define Loads
@ Settings
@ Apply
@ Structural
e Displacemen
Ale |
20n Areas
20n Keypo
Z20n Nodes
Z0n Node (

B Symmetrv

B ~pply UROT on Lines \5
[DL] Apply Displacements (U,ROT) on Lines _9 é 0
Lab2 DOFs to be constrained All DOF %‘ \ B

C—

Apply as Constant value -

VALUE Displacement value 0.4

OK Apply Cancel Help

Top tensile load

w wwupTIY | wey
e Loads
@ Analysis Type
e Define Loads
@ Settings
a Apply
& Structural

@ Displacemen
@ Force/Mome!

e Pressure
P20
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Create crack tip mesh concentration points:

= Element 1ype
= Real Constants
= Material Props
= Sections
= Modeling
= Meshing
& Mesh Attributes
MeshTool
B Size Cntris
e SmartSize
@ ManualSize
e Concentrat KPs
B reate

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

oK Apply

Cancel

Help

Next: We mesh this:

3 Preprocessor
@ Element Type
®= Real Constants
= Material Props
= Sections
& Modeling
= Meshing
= Mesh Attributes
B MeshTool
B 3
B Mesher Opts
@ Concatenate
= Mesh
@ Modify Mesh
@ Check Mesh
@ Clear
@ Checking Ctrls
@ Numbering Ctris
@ Archive Model

Size Contiols:
Global Set Clear |
Areas Set Clear |
Lines Set Clear
Copy Fip
Laypes Set Clear |
Feypts Set Clear
Mesh Areas -
Shape: Tn * Quad
* Free Mapped '
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Security

f

Participants

You are screen sharing

Pause Share Remote Control

B Warning

Shape testing revealed that 32 of the 208 new or
5 modified elements violate shape warning limits. To
=3 review test results, please see the output file or issue
the CHECK command.

(&1 "1 ® stop Share

Close =

& Preferences = )
& Preprocessor ACADEMIC
= Element Type ocT 2
= Real Constants
= Material Props
= Sections
= Modeling
& Meshing
& Mesh Attributes
MeshTool
B Mesher Opts
@ Concatenate
@ Mesh
@ Modify Mesh
@ Check Mesh
@ Clear
@ Checking Ctrls
@ Numbering Ctrls
& Archive Model
@ Coupling / Ceqn
= Loads

Now we are ready to solve this.

wiani wicnu

Preferences
@ Preprocessor
@ Solution
e General Postproc
Data & File Opts
B Results Summary
= Read Results
& Failure Criteria
= Plot Results
=]Deformed Shape|
@ Contour Plot
= Vector Plot
& Plot Path Item
@ Concrete Plot
@ ThinFilm
@ List Results
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9‘ ?:- q _@_ é f?_ _?_: g uCumcuv Nodal Solution Data
Toolbar |
SAVE_DB| RESUM_DB| QuIT | i

Item to be contoured

@ Favorites
# Nodal Solution
@ DOF Solution —

Main Menu ®) & Stress
3 Preferences = @ X-Component of stress
= Preprocessor @ Y-Component of stress N
= Solution @ Z-Component of stress
2 General Postproc @ XY Shear stress
= Data & File Opts @ YZ Shear stress
B Results Summary @ XZ Shear stress
@ Read Results L 41st Principal stres
@ Failure Criteria @ 2nd Principal stress =
& Plot Results & =
B Deformed Shape
@ Contour Plot Undisplaced shape key
aiiodal Sol Undisplaced shape key \Deformed shape only -
B Element Solu ! : ) hd
BElem Table Scale Factor [Auto Calculated -|l4.95487324168
B Line Elem Res

@ Vector Plot Additional Options
@ Plot Path Item

@ Concrete Plot
m ThinCilm

Calculating stress intensity factor

Method 1: Using displacement field around the crack tip
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Figure 3) The paths defined for (a) a half-crack model and (b) a full-crack model
We need to

a. Define a local coordinate system
b. Define points 1 to 3 (or 1 to 5 for full crack)
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WorkPlane Parameters Macro MenuCtrls Help
Display Working Plane |
Show WP Status
WP Settings ...

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

Change Active CS to
Change Display CS to

Local Coordinate Systems *| Create Local CS * E-NQUZReI (T [I J

Delete Local CS ... By 3 Keypoints +

Move Singularity ... By 3 Nodes +

At Specified Loc +

b. We need to define a path that has those points
=@ General Postproc e )
B Data & File Opts g
B Results Summary
@ Read Results
@ Failure Criteria
@ Plot Results
@ List Results
@ Query Results
2 Options for Outp
B Results Viewer
= Nodal Calcs
@ Element Table
e Path Operations
& Define Path
8 On Working Plane
& By Location
@ Path Status
8 Modify Path
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T ) I ) (T er—
Path nPts nSets nDiv
BR_CTP 3 3a 28

oavIMuVI

& General Postproc : Bl stress Intensity Factor
B Data & F"e OPtS [KCALC) Stress Intensity Factors K, Kil, Kill
B Results Summary . ST, eap ety piciut bitect o Piane strain G
8 Read Results MAT  Matenal num for extrap 1
@ Failure Criteria Bl KCSYM Model type Half - symm b.c
® Plot Results . KLOCPR Print local disp's? No

@ List Results

@ Query Results

B Options for Outp

B Results Viewer

e Nodal Calcs
B Total Force Sum
B Sum @ Each Node
@ Summation Pt
Elstress Int Factr

B kcrc  Command

wwss  CALCULATE HIXED-MODE STRESS INTENSITY FACTORS  swews
ASSUME PLAME STRAIN CONDITIONS
ASSUME A HALF-CRACK MODEL WITH SYMMETRY BOUNDARY COMDITIONS <(USE 3 NODES»

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

USE MATERIAL PROPERTIES FOR HATERIAL NUMBER
EX = 180, AR HURY = .|

i
AT TEHP - @.8888
wwnm NI € 1.2627 9 KII = 8.8888 - KIIT = A.988a ]

W e+ =

e

>>sart(pi * 0.5) * 1
ans =

1.2533

Sometimes the third node does not exist to calculate a
local coordinate system
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WP Settings
nT

»

Offset WP by Increments
Offset WP to

Align WP with

ANSYS

2020 R2

Change Active CS to
Change Display CS to ’

. ACADEMIC
[SICEICHRLEIO S At WP Origin ...
Delete Local CS ...

Move Singularity ...

By 3 Keypoints +
By 3 Nodes +

. At Specified Loc +

&

DB| QUIT| POWRGRPH

B Create Local CS at Specified Locat

on
[LOCAL] Create Local CS at Specified Locatio
KCN Ref number of new coord sys n
KCS Type of coordinate system
XC,YC,ZC Origin of coord system
THXY Rotation about local Z
ape

THYZ Rotation about local X

THZX Rotation about local Y
Following used only for elliptical and toroidal systems
PAR1 First parameter
PAR2 Second parameter
i
olu

Res

oK

Apply

*#** CALCULATE MIXED-MODE STRESS INTENSITY FACTORS ****
ASSUME PLANE STRAIN CONDITIONS

ASSUME A HALF-CRACK MODEL WITH SYMMETRY BOUNDARY CONDITIONS (USE 3 NODES)
EXTRAPOLATION PATH IS DEFINED BY NODES:
WITH NODE

2 21 22
2 AS THE CRACK-TIP NODE
USE MATERIAL PROPERTIES FOR MATERIAL NUMBER
EX= 100.00 NUXY= 0.0000

1
AT TEMP = 0.0000
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*HE* KI= 1.2634 , KIl= 0.0000 , KlI= 0.0000 ****

Method 2:
Calculating J integral and from that if needed, calculating K

The J-Integral evaluation in ANSYS is based on the domain integral method. The domain integration formulation applies area integration for
2-D problems and volume integration for 3-D problems. In the following, the procedure to compute the J-integral is summarized.

It should be noted that the command syntax is all in UPPER CASE letters and the arguments which are entered by the user are in lower
case and italic.

After creating the model (using keypoints, lines and areas), specifying the concentration keypoints to generate singular elements, defining

the local coordinate for each crack tip and generating the mesh including singular elements around the crack tips, the following commands Must go to preprocessor and solve
except the last one need to be issued in the command prompt in the utility menu at the preprocessor stage of the simulation. The last .
command (i.e., Step 8) is issued after solution and in the postprocessor stage. Unfortunately there is no way to apply these steps in GUI. It the pr0b|em again

means these commands cannot be accessed from a menu.

1. Start the process by clicking on preprocessor option on the left side menu.
2. Start a new computation with the contour-based integral approach with the command:

CINT,NEW,id

CINT,NEW,1

. Specify the type of contour integral to be done (here it is the J-integral) with the
command:

CINT,TYPE,JINT
1. Define the node at the crack tip as a node component with the command:
Note: to create component (corresponding to the crack tip), use select from
menu and select the node, and create a component from that:

Select List Plot PIU[QTrIS_
“Eniies. |
| Foies

By Num/Pick ~

@ From Full
" Reselect
" Also Select
" Unselect

Sele All Invert
Sele None| elo

OK_| _Apply |

> Select List Plot PlotCtris WorkPlane Parameters Macr

¢ Entities [
~  Component Manager ..
&l Comp/Assembly —_+] _Create Component |
\V Parts Create Assembly ..
= Edit Assembly ..

| [CM) Create Component

| Cname Component name [crack TP
| Entity Component is made of ﬁ;cm -
oK Apply ] Cancel J Help
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n Create Component

§ [CM] Create Component

Cname Component name

Entity Component is made of

CINT,CTNC,CRACK_TIP_BR

1. Define the crack plane normal along with its local coordinate id with the command:

CINT,NORM,parl,par2

A o SHIS

S—

o A—— s
CNTNORM (5,2

CINT,NORM, 15,2

1. Specify the number of contours “n” to compute with the command:
CINT,NCON,n

For example
CINT,NCON,5

Jintegral: 2. EDI FEM Aspects

* Since J, -@the inner J, collapses to the crack tip (CT)
« J, will be formed by element edges S
. B 4 ey 550
y using spider web (rozet) meshes any A
reasonable number of layers can be used
to compute J:

L hayer 2 layer 3 layer

CINT,NCON,2

ONLY for symmetric cracks (not inside the domain)

2. Activate the option for symmetry conditions, if present, with the command:

CINT,SYMM,ON
1. Specify the output controls with the command:

OUTRES,CINT
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9. Solve the problem.

10.Finally, the results for the values of the J-integral may be listed or
plotted in a graph for all considered contours around the crack tip with
the command:

PRCINT,id

PRCINT,1
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