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1 Problem Description

Consider a finite plate in tension with a central crack as shown in Fig. 1. The plate is made of
steel with Young’s modulus £ = 200 GPa and Poisson’s ratio v = 0.3. Let b = 0.2 m, a = 0.02 m,
o = 100 MPa. Determine the stress intensity factors (SIFs).
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Figure 1: Through-thickness crack.

Note that for this problem, tabulated solutions for the mode-I SIF K7 are available in the
literature. For example, an analytical solution given by W.D. Pilkey (Formulas for Stress, Strain,
and Structural Matrices) is

Ki=Coyma,

C = (1-0.1%%+0.961%)/1/cos(mn) ,
a
.

77:

where

Use of this solution yields Ky = 25.680 MPa-y/m.

2 Assumptions and Approach

2.1 Assumptions

e Linear elastic fracture mechanics (LEFM).

e Plane strain problem.



2.2 Approach

e Since the LEFM assumption is used, the SIFs at a crack tip may be computed using the
ANSYS’s KCALC command. The analysis used a fit of the nodal displacements in the
vicinity of the crack tip (see the ANSYS, Inc. Theory Reference).

e Due to the symmetry of the problem, only a quarter model is analyzed.

e The crack-tip region is meshed using quarter-point (singular) 8-node quadrilateral elements
(PLANER?2).

3 Preprocessing

1. Give the Job a Name
Utility Menu > File > Change Jobname ...

The following window comes up. Enter a name, for example ‘CentralCrack’, and click on

OK.
mcharhge Jobname - ll
LFILMAM] Enter new jobname | Fentralcrack
MNew log and error files? [ No

oK | Cancel | Help |

2. Define Element Type
Main Menu > Preprocessor > Element Type > Add/Edit/Delete

e This brings up the ’Element Types’ window. Click on the Add... button.

x
Defined Element Types:
NONE DEFINED
Add, .. | Options. | Delete |
Cloze | Help |

e The ’Library of Element Types’ window appears. Highlight ‘Solid’, and ‘8node 82, as
shown. Click on OK.



m Library of Element Types
Library of Element Types

Structural Mass

Quad 4node 42

Link 4node 182
Beam 8node 183
Pipe
Rigid Triangle 6node 2
Axi-har 4node 25 x
Shell
Hyperelastic

iz | 8node 82
Element type reference number

0K | Apply | Help |

e You should see ‘Type 1 PLANES82’ in the ‘Element Types’ window as follows:
#
Defined Element Types:
ype 1 PLAMNES2
Add,.. | Opﬁons...l Delete |
Close | Help

e (Click on the Options... button in the above window. The below window comes up.
Select ‘Plane strain’ for ‘Element behavior K3’ and click OK.

=

Options for PLANEZZ, Element Type Ref. No. 1

Element behaviar K3 lm

Extraelement output K5 |No extra output ;I

Extra surface output K& IND extra output :I
oK. | Cancel | Heip |

e Click on the Close button in the ‘Element Types’ window.

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



e In the right side of the ‘Define Material Model Behavior’ window that opens, double
click on ‘Structural’, then ‘Linear’, then ‘Elastic’, then finally ‘Isotropic’.

T
Material Edit Help
— Material Model: Diefired - Material Modsls dvailable
£ Material Model Mumber 1 2 @ Structural lFord
@ Linear
@ Elastic
¢
@ Orthotropic
@ Anisoiropic
(&8 Monlinear —
@ Density
{®&g Thermal Expansion Coef
@ Damping
A € Friction Coeffident
i (e | loar Matarizl Cintiane LI
i [ »] 4 [+

e The following window comes up. Enter in values for the Young’s modulus (EX = 2E5)
and Poisson’s ratio (PRXY = 0.3) of the plate material.

Linear Isotropic Properties for Material Number 1

£l #
Linear Isotropic Material Properties for Material Mumber 1
T1
Temperatures
EX 2ES
PRXY 0.4
Add Temperature | Delete Temperature | Graph |
ok | Cancel | Help |

e Click OK, then close the ‘Define Material Model Behavior’ window.

4. Define Keypoints
Main Menu > Preprocessor > Modeling > Create > Keypoints > In Active CS

We are going to create 5 keypoints given in the following table:

| Keypoint # | X [ Y |

1 0 0
2 0.02] 0
3 0.1 0
4 0.1 |0.1
) 0 |01




To create keypoint #1, enter ‘1’ as keypoint number, and ‘0’ and ‘0’ as the X and Y
coordinates in the following window. Click on Apply.

m Create Keypoints in Active Coordinate System - x|

[K] Creats Keypoints in Active Coordinate System

MPT Keypoint number I 1

¥,Y,Z Location in-active CS | 0 | 0 |

oK Apply | Canicel | Help |

Repeat the above step for keypoints #2 through #5. Note that you must click on OK
instead of Apply after entering data of the final keypoint.

5. Define Line Segments
Main Menu > Preprocessor > Modeling > Create > Lines > Lines > In Active Coord

Pick keypoint #1 then keypoint #2 to create a line connecting them (line #1).

Repeat the previous step to create lines connecting keypoints #2 and #3 (line #2),
keypoints #3 and #4 (line #3), keypoints #4 and #5 (line #4), and keypoints #5 and
#1 (line #5).

Click on OK to close the ‘Lines in Active Coord” window (picking window).

Turn on the numbering by selecting Utility Menu > PlotCtrls > Numbering .... The
below window appears. Check the boxes for ‘Keypoint numbers’ and ‘Line numbers’
as shown, then click on OK.

(Yot umberng controls 4

[PMUM] Plot Mumbering Controls

KP  Keypoint numbers

LIMNE Line numbers ¥ On
AREA Area numbers [~ off
YOLU Volume numbers [ off
MODE Mode numbers [l
Elem  Attrib rumbering INu:u numbering LI
TABM Table Mames [ aff
SVAL Mumeric contour values [ aff
[MUM] Numbering shown with [cators & numbers =]
[REPLOT] Replot upon OK fApply? [Replat |

CK Apply | Cancel | Help |




e Select Utility Menu > Plot > Lines. Your graphics window should look like this,
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Discretize Lines L3, L4 and L5
Main Menu > Preprocessor > Meshing > Size Cntrls > ManualSize > Lines > Picked
Lines

e Pick lines #3 and #4. Click on the OK button in the picking window.

e The below window opens. Enter ‘4’ for 'No. of element divisions’, then click Apply.

_.ag

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

NDIV Mo, of element divisions

||

{NDIV is used only if SIZE is blank or zero)

KYNDIV SIZE NDIV can be changed v fes

SPACE Spaong ratio

ANGSIZ Divigion arc {degrees)

{ uze ANGSIZ only if number of divisions {(MDIV) and

slement edoe length (SIZE) are biank or zera)

|

Clear attached areas and volumes

oK Apply Cancel Help




e Pick line #5, then click OK in the picking window.

e In the below window that comes up again, enter ‘6’ for 'No. of element divisions’,
and ‘0.2’ for ‘Spacing ratio’, then click OK.

Mtiemen suesonpeked ines = =

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

MNDIY Mo, of element divisions

|

{MNDIV is used only if SIZE is blank or zero)
EYMDIV SIZE,NDIV can be changed [V Yes

SPACE Spacing rato 0.2

ANGSIZ Division arc {degrees)

||

{ uze AMGSIZ only if number of divisions (MDIV) and
element edaoe length (SIZE) are blank or zero)

Clear attached areas and volumes

-
&

K Apply | Cancel | Help |

7. Create the Concentration Keypoint (Crack Tip)
Main Menu > Preprocessor > Meshing > Size Cntrls > Concentrat KPs > Create
e Pick keypoint #2, then click OK in the picking window.

e In the below window that appears, you should see ‘2’ as ‘Keypoint for concentration’.
Enter ‘0.0025’ (= a/8) for ‘Radius of 1st row of elems’, input ‘8’ for ‘No of elems
around circumf’, and select ‘Skewed 1/4pt’ for ‘midside node position’. Click OK.

x

[KSCON] .Concentration Keypaint

MPT Keypoint for concentration Iz—
DELR: Radius of 1st row of elems IW‘
RRAT Radius rato {2nd row/ 1st) ID—
NTHET Me of elems around drcumf Is—

KCTIP midside node position Skewed  1/4p -

Jpt
O, Apply | Cancel | Help |




8. Create the Area
Main Menu > Preprocessor > Modeling > Create > Areas > Arbitrary > By Lines

e Pick all five lines (L1 through L5). Click OK in the picking window.

9. Apply Boundary Conditions
Main Menu > Preprocessor > Loads > Define Loads > Apply > Structural > Displacement >
Symmetry B.C. >...with Area

e Pick line #2. Click Apply (in the picking window). Pick the area. Click Apply.
e Pick line #5. Click Apply. Pick the area. Click OK.

10. Apply Loads
Main Menu > Preprocessor > Loads > Define Loads > Apply > Structural > Pressure >
On Lines

e Pick line #4. Click OK in the picking window.

e In the below window that comes up, select ‘Constant value’ for ‘Apply PRES on lines as a’,
enter ‘-100’ for ‘Load PRES value’, then click OK.

T

[SFL] Apply PRES on lines as a |C0nstant s j

If Constant value them:

VALUE Load PRES value | -100

If Constant valus then:
Optional PRES values at end J of line
{lleave blank for uniform PRES )

Value |

oK Apply Cancel Help

11. Mesh the Model
Main Menu > Preprocessor > Meshing > Mesh > Areas > Free
e Pick the area. Click OK in the picking window.

e Close the ‘Warning’ window. In your ANSYS window, a mesh as shown at the top of
next page should appear.
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4 Processing (Solving)
Main Menu > Solution > Analysis Type > New Analysis
o Make sure that ‘Static’ is selected. Click OK.
Main Menu > Solution > Solve > Current LS
e Check your solution options listed in the ‘/STATUS Command’ window.
e Click the OK button in the ‘Solve Current Load Step’ window.
e Click the Yes button in the ‘Verify’ window.

e You should see the message ‘Solution is done!” in the ‘Note’ window that comes up. Close
the ‘Note” and ‘/STATUS Command’ windows.

5 Postprocessing

1. Zoom the Crack-Tip Region
Utility Menu > PlotCtrls > Pan Zoom Rotate ...

This brings up the following window:
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Cloze Help

e In the above window, click on the Win Zoom button and zoom the crack-tip region,
then click on the Close button to close the window.

e Plot the nodes by selecting Utility Menu > Plot > Nodes.

e Turn on the node numbering by selecting Utility Menu > PlotCtrls > Numbering
..., then check the box for ‘Node numbers’, then finally click on OK. Your ANSYS
Graphics windows should be similar to the following;:
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2. Define Crack-Face Path
Main Menu > General Postproc > Path Operations > Define Path > By Nodes

e Pick the crack-tip node (node #14), then the quarter-point node (node #27), and finally
the third node (node #26) on the crack face. Click OK.

e In the below window that appears, enter ‘K1’ for ‘Define Path Name:’, then click OK.

i\ By Nodes

[PATH] Define Path specfications

Mame Define Path Name : |'r{1 .

nSetz Mumber of data sets

nliv  Mumber of divisions 20

Ok I Cancel Help J

e Close the ‘PATH Command’ window.

3. Define Local Crack-Tip Coordinate System

Utility Menu > WorkPlane > Local Coordinate Systems > Create Local CS > By 3
Nodes
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e Pick node #14 (the crack-tip node), then node #29, and finally node #140. This brings
up the following window:

=

[C5] Create Local C5 by 3 Modes

KCM Refnumber of new coord sys 11

[

KCS Type of coordinate system ICartesian i j

Following used only for elliptical and toroidal systems
PAR1 First parameter

PARZ Second parameter

i

0K | Apply | Cancel Help |

e Note from the above window that the reference number of the crack-tip coordinate
system is 11. Click on the OK button.

4. Activate the Local Crack-Tip Coordinate System
Utility Menu > WorkPlane > Change Active CS to > Specified Coord Sys ...

e In the below window that comes up, enter ‘11’ for ‘Coordinate system number’, then

click OK.

%

[C5¥s] Change active coordinate system to specified system

KON Coordinate system number I 11
oK | Apply | Cancel | Help |

e To activate the crack-tip coordinate system as results coordinate system, select Main
Menu > General Postproc > Options for Outp. In the window that appears (as
shown at the top of next page), select ‘Local system’ for ‘Results coord system’ and
enter ‘11’ for ‘Local system reference no.’. Click OK in this window.
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Options for Output

[R&YS] Results coord system ILocal system ;I
Local system reference no. | 11

[AVRES] Ava rsits (par grph) for [l but Mat Prop =

[JEFACET] Facetsfelement edge I 1 facet/edge ;I

[SHELL] Shell results are from | - DEFALLT - |

[LAYER] Layer resultz are from

" Max fallure crit

{+ Specified layer

Specified laver number | i}
[FORCE] Force results are |Total force ‘I

O | Cancel | Help |

5. Determine the Mode-I Stress Intensity Factor using KCALC
Main Menu > General Postproc > Nodal Calcs > Stress Int Factr

e In the below window that opens, select ‘Plain strain’ for ‘Disp extrapolat based on’
and ‘Half-symm b.c.’ for ‘Model Type’.

m Stress Intensity Factor = _)ﬂ
[KCALC] Stress Intensity Factors KI, KII, KIII
KPLAN Disp extrapolat based on IPlane strain -
MAT  Material num for extrap | 1
KCSYM Model type |Half -gymm b.c, LI
KLOCFR Print local disp's? [~ to

Ok | Cancel | Help |

e Click on OK. The window shown at the top of next page appears and it shows that the
SIFs at the crack tip (node #4) are

K{=26567; Knu=0; Kmy=0

Note that the results Ky = 0 and Ky = 0 are obvious for this problem. The ANSYS
solution for Ky (25.567 MPa-y/m) is in very good agreement with that obtained from
W.D. Pilkey (25.680 MPa-y/m). The discrepancy is

KIPilkey . KIANSYS B 25.680 — 25.567

KIP ilkey B 25.680

— 044 % (1)
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File

=xxx  CALCULATE MIXED-MODE STRESS INTENSITY FACTORS e
ASSUME PLANE STRAIN CONDITIONS
ASSUME A HALF-CRACK MODEL WITH SYMMETRY BOUNDARY CONDITIONS <USE 3 NODES>

EXTRAPOLATION PATH IS DEFINED BY NODES: 14 27 26
WITH NODE 14 AS THE CRACK-TIF NODE
USE MATERIAL PROPERTIES FOR MATERIAL NUMBER 1
EX = 8. 2P808E +B6 NUZY = a.3888a8 AT TEMP = @.8808
wxwxx KI = 26.567 i KII = a.888a8 ¥ KIII = a.888a8 IR

e Close the ‘KCALC Command’ window.
e You may want to recover the whole meshed model by

— selecting Utility Menu > PlotCtrls > Pan Zoom Rotate ..., then click on the
Fit button and close the ‘Pan-Zoom-Rotate’ window;

— selecting Utility Menu > Plot > Elements.

6. Exit ANSYS, Saving All Data
Utility Menu > File > Exit ...

In the window that opens, select ‘Save Everything’ and click on OK.

14



