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ANSYS Workbench

Definition of the problem

Half model (symmetry), with an elliptical shape crack

f=25mm
W =60 mm
h =30 mm

2a =15 mm

2¢ =30 mm

o, =100 MPa
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ANSYS Workbench

Solution with Tetrahedrons mesh

Refinement at the

two most; significant
points

20

620.54 Max
554,77
488,949
423,21
357,44
291.66
245,49
Lan.11
04.334
28.958 Min

Solution accurate,
however tetrahedrons
not ok for the CINT
command
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ANSYS Workbench

Solution with Hexahedrons mesh

The model is divided
into solids for keep
Hexahedrons mesh
near the crack front
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ANSYS Workbench
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ANSYS Workbench

SOlution M 416.99 Max

373.92
— 330.25
— 287.749
244,72
20165
— 158.59
115.52
72,453
29.386 Min

Accurate solution
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ANSYS Workbench

CINT,SIFS calculation

Coordinate systems
introduced in
Workbench then
useful for the CINT
calculationin /

ANSYS Apdl | | |

A\

S1rvy
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ANSYS Workbench

CINT,SIFS calculation

Coordinate systems 12

Coordinate systems 13
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ANSYS Workbench

CINT,SIFS calculation

eps = 0.05

cays,12
nsel,=s,loc,y, 0.0

nsel,r,loc,x, —eps,eps

-

nsel,r,loc,z,-0.8,0.8

e=zel, =, type, , 4 csys, 13

nsle,u n=el,=,loc, v, 0.0

cm, CRACE _TIF NODE CM 2,node nsel,r, loc, x, —eps, eps

alls nsel,r,loc,=z,-0.8,0.8
esel, =, type, 4
nzle,u
cm, CRACE TIF NODE CM 3,node
all=
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ANSYS Workbench

CINT,SIFS calculation

|
ek POSTL K1
CrackID = 2

Contour Yalues
Contour Yalues

Contour Yalues
Contour Yalues

Contour Yalues
Contour Yalues

Contour Yalues
Contour Yalues

Contour Yalues
Contour Yalues

Contour Yalues
Contour Yalues

Contour Yalues
Contour Yalues

Crack Front Hode =

[rack Front Hode =

Crack Front Hode =

[rack Front Hode =

Crack Front Hode =

[rack Front Hode =

Crack Front Hode =

RESULT LISTING seckr

34031
and.0?
L41.79
LAdad
432,25
192,43
33057
430.06
268,40
Lada2
428,18
266,43
33087
412,64
247,05
57050
401.55
325,95
34042
815,58
£13.49

816,60
140.21

462,30
-146.09

467,43
91,450

494,41
-115.45

437.41
16,330

£13.81
-22. 30

991,08
32.073

217,34

4a5.40

406,95

44,87

435.06

£15.19

991,28

213,17

454.97

406,95

- Unreliable values at the
boundary of the crack front

- Outer contours interact with the
boundary of the toroid volume

4.1

435.29

L1576

291,39

|
teicintck POSTL K RESULT LISTING seioictok

CrackID = 3

Crack Front Hode = 34062
Comtour Yalues = GGA.27 a0l.00 al3.87 al3. 26
Contour Yaluez = 430,28 -43. 602

Crack Front Mode = 57188
Contour Yalues = 283,87 30a.Y5 ima.ye2 e
Contour Yalues = 188.02 -128.93

Crack Front Hode = 34075
Comtour Yalues = 287 30,59 30,85 308,35
Contour YMaluez = 205.25 13,022

Crack Front Mode = 57208
Contour Yalues = 287.43 n.e2 309,15 307.90
Contour Yalues = 103,74 -h0. 5249

Crack Front Hode = 34076
Comtour Yalues = GAA.23 6,15 A17.52 al7.e1
Contour Yaluez = 362.80 -0
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ANSYS Workbench

ANSYS Apdl command in the Workbench environment

. Commands
Qutline
eps = 0.05
Filter: Mame -
— = - csys, 12 CrackID = 2
Project nsel,s,loc, ¥, 0.0 Crack Front Node = 34031
B @ Model {A4) nsel,r,loc, X, —ep3, epa Contour Values =  860.07 916.60 917.34 918.17
Contour Values = 581.79 140.21
..... ﬁ GECII'I'IEtI"!.I' nsel,r,loec,=,-0.8,0.8 Crack Front Node = 56983
esel, s, type, , 4 Contour Values =  432.25 462.39 465.40 464.97
w @ CrackVolume_Ext nsle,u Contour Values =  192.43 -146.09
. CrackvVolume = - Crack Front Node = 33957
« @ ) cm, CRACE TIE NODE_CM Z, node Contour Values =  430.06 167.49 166.95 166.95
-,/;.i;_ Coordinate Systems alls Contour Values =  268.89 91.450
E _____ ‘f@ S tr Crack Front Node = 56982
- YmMmeTy coys, 13 Contour Values =  428.18 174,41 174,87 174.71
E— Jll Symmetry Reagion ' Contour Values = 266.43 -115.45
v ¥ ¥ neg nsel, s, loe, v, 0.0 Crack Frent Node = 33987
v’% Connections nsel,r,loc,x, —eps, eps Contour Values = 412.64 437.41 435.06 435.29
_____ nsel r. loc.z. —-0.8. 0.8 Contour Values = 247,05 16.33%
E| v’% Mesh l’ ' ' ’4 ' Crack Front Neode = 57050
....... '{@ Body Sizing gsel, s, type,, Contour Values =  401.55 513.81 515.19 515.76
nsle, u Contour Values = 325.85 -22.894
"""" B, Face Sizing cm, CRACK_TIP NODE_CM_3,node Crack Front Node = 34048
_______ " Contour Values =  815.59 891.08 891.28 891.38
v’% Hex Dominant Method =lls Contour Values =  513.49 32.073
I ,@ Body Sizing 2
i St;t' Structural (A5) Cé%% CINT with SIFS options A CrackiD = 3
g Ic ructura cint, new, 2 Crack Front Nede = 34082
....... 7 Analvsiz Settings . - Contour Values =  556.27 601.00 £03.27 603.26
vizi ¥ g eint, type, 31z Contour Values =  430.28 -43.602
------- ﬁ = Pressure cint, ctnc, CRACE_TIP NODE CM Z Crack Front Nede = 57188
_______ v Ii CDI‘I‘II‘I‘IEI‘IdS {nﬁ.PDL} < > cint, normal, 12,2 Contour Values = 2:§.u? 305.?5 306.72 307.51
N cint, symm, 1 | Symmetry Contour Values = 18g8.02 -128.93
B Solution (AG) T " Crack Front Node = 34075
: cint,ncomn, & Contour Values =  287.74 310.59 310.85 309.35
.,tll-l Solution Information Contour Values =  205.25 13.022
- A Equivalent Stress cint,new, 3 . o Crack Front Node = 37208
i & c d (AF!DL:' - cint. type, sifs - proint, £, , E1l Contour Values = 287.48 310.62 308.15 307.890
- ommands < - L = = Contour Values = 103.74 -80.828
v cint,ctnc, CRACK TIE NODE CM 3~ |BEoint, 3, Kl——> 0 o fade = 31076
cint,normal, 13,2 Contour Values =  566.23 616.15 §17.52 §17.81
cint. s 1 I s try Contour Values = 362.80 -30.772
, Symm, I symme
cint, neon, 6
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ANSYS Workbench

Results verification through handbook

2c

cra=1
] elt=10 elt=0.15 elt=10.3
ﬂ : e | S [ A | S [ | e |
A lB u : 0 0.638 0.000 0.638 0.191 0.638 (.383
\] . E 02 0.640 0.087 0.659 0.286 0.694 0.500
: 04 0.681 0.182 0.725 0411 - -
f,l‘?ng 0.6 0.739 0.294 0.870 0.609 - -
cia=2
elt=10 elt=10.15 elt=10.3
— ¢ =95 mm we | m T Il Al A
0 0.824 0.000 0.824 0.247 0.8 0.494
h _ 30 mm e /t = O 02 0.844 0.008 0.8a2 0.350 0.932 0.668
04 il 0.210 0987 0.526 - -
C / a = 2 0.6 1.014 0335 1.332 0.866 - -

=15 m 7
2c=30mm 2@/1=00 'K f2o,\ma = 492MPa/mm

'K ((ANSYS Wb, 3D) =475MPa+vmm

- Ok'pOSSlblle effect of the limited w1dth i
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Sub-clad surface semielliptical crack

The model

n.0n0 70,00 (e
| |
35.00 |
S -
SIS T > Pisa, June 15 — July 14, 2015 15



The model

/=] Project

E- @] Model (a4)
=, Geometry

Sub-clad surface semielliptical crack

Hide a body to pick any
other surface behind

....... " ﬁ Wa"
o @ E-
B ;.g:.[:uurdir Insert g
= Conneg _ ¢
: = ! Update
= C 7 VP
L Zj Generate Mesh
T x
[+ A1 Mesh Preview »
[+ Fractur
....... e k| Fiide Body (F9)

Static| ¢} Hide All Other Bodies

R Suppress Body
R Suppress All Other Bodies
B

L P Update Selected Parts r

1 p g Create Mamed Selection

LA

Ed

fm Equwa ent Elastic Sfrain |

Fracture Tool

| Clear Generated Data
db Rename (F2)

I O A S
7 Z A

Sub-clad defect

Create the surface semielliptical
crack through the usual steps

Pisa, June 15 — July 14, 2015 16



Sub-clad surface semielliptical crack

The model :

I O A S
7 Z A

Sub-clad defect

= Contacts

WA 5onded - Wall To Clad

ey '#, Bonded - Wall To Clad - Full Surf !

The attachment between
the wall and the clad
cannot be continuous
across the entire surface

A circle can give a
dimension of the
discontinuity between the
two parts

0.0 70,00 {rrrn)
L I

35,00

Pisa, June 15 — July 14, 2015 17




Sub-clad surface semielliptical crack

SIF results

First result can be obtained without any connection

between the two parts

= F] Connections
. Ex@l Contacts
-y #, Bonded - Wall To Clad

-------- w 1. Bonded - wall To Clad - Full Surf

431.27
418.23
405,19
392.15 Min

Sub-clad defect

Pisa, June 15 — July 14, 2015
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Sub-clad surface semielliptical crack

SIF results

Then calculation is repeated with connection
outside the circle

Sub-clad defect

1

I T

! WA 5onded - Wall To Clad
! :

! ey '#, Bonded - Wall To Clad - Full Surf |

345.4
33145
318.49
30%5.04 Min

Pisa, June 15 — July 14, 2015 19




Sub-clad surface semielliptical crack

SIF results

Finally the full surface connection can be activated, after
imposing plastic properties of the clad

! El ----- B Connections
N = Contacts

I
: |
‘ - 1
n - ', Bonded - Wall To Clad !
: i H u |

I

-------- #. Bonded - Wall To Clad - Full Surf

70,00 (rrire)

35.00

o 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01 0.011 0.012
Strain [m m™-1]

Pisa, June 15 — July 14, 2015 20




Sub-clad surface semielliptical crack

SIF results

Finally the full surface connection can be activated, after
imposing plastic properties of the clad

Sub-clad defect

=l Connections I
. B 4@ Contacts :
e B, Bonded - Wall To Clad !
|
I

B, Bonded - Wall To Clad - Full Surf

. 2
STy

Pisa, June 15 — July 14, 2015 21



Sub-clad surface semielliptical crack

SIF result comparison

Which one is the most realistic result?

Connections

! 1

1 :

1 B~ x CEmﬁcts : :

i -3 W, Bonded - Wall To Clad ! !
: | i

! 1

Iél ----- Contacts
"M,

1
By N orded - Wall To Clad :
i 1
|

e B, Bonded - Wall To Clad - Full Surf

‘e . Bonded - Wall To Clad - Full Surf

35886
3454
33105
318.49
305.04 Min

K, =426 MPavmm

I T R R RS

SRS RN

Connections 1
1
Contacts .
1
1

s . Bonded - Wall To Clad

- W, Bonded - Wall To Clad - Ful surf 1

K, =369 MPavmm

Pisa, June 15 — July 14, 2015

22



Table of content

Content

Calculation example of a wall subsurface Elliptical crack

The effect of the cladding properties on a semielliptical sub-clad

surface crack, ANSYS Workbench

J parameter calculation with ANSYS Workbench with Elastic-Plastic

material

Pisa, June 15 — July 14, 2015 23



CT specimen example

J parameter as an option of the Wb automatic Crack tool

Elastic calculation — Relation between K, and J

a9
1.3166 Min

0.00 w0y )—k % 0.00 000 Gmm)
e e

20,00 20.00

K, (ANSYS) = 782MPa+mm J(ANSYS) = 2.786 mJ/mm®
Conversion, validation: £ = 200000 MPa,v = 0.3

=L =2.782mJ/mm* OK!

!

Pisa, June 15 — July 14, 2015
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CT specimen example

Elastic-Plastic steel, Bilinear Isotropic Hardening

Outline of Schematic AZ: Engineering Data

Stress (.10% [Pa]
i

A E
5 ]
1 cmmmﬂfﬁmnﬂh = @ ) 0.001 0.002 0.003 0.004 0.005 0.008 0.0a7 0.008 0.009 0.01 0.011 0.012
o = Material Strain [mm~-1]
3 Structural Steel [} General_Materials,
4 Structural Steel - ElasticPlastic [ General_Materials,
3 Click here to add a new material
12 =] '-"]El Bilinear Isotropic Hardening
13 Yield Strength 500 MPa =]
14 Tangent Modulus 5000 MPa ;I
Pisa, June 15 — July 14, 2015 25



CT specimen example

Elastic-Plastic steel, Bilinear Isotropic Hardening

(%) Mechanical (= E=R
| File Edit View Units Tools Help |J @ i | fSohe v ?/ShowEmors T & [~ @ vorkshest in
[T R- AR e SrAQAQARFAAT LA E DO

J 7 Show Vertices ?a@Wireframe |Dél‘35how Mesh ,«!\ I Random Colors @Annotation Preferences

J Bl Edge Coloting » A~ A~ A~ A~ A~ A |F| |-l Thicken Annotations

JGeometry i Virtual Body |%PointMass EiAThermaI Point hdass  wgf Thickness wgllmported Thickness QLayeredSection | Ew |
Outline o

JFiIter: MName -
&) Project
B g Model (A4)
Eﬁ Geometry
| b Solid
,‘%‘\ Coordinate Systems

‘(@ Fracture

; F1 Named Selections
Bl =] Static Structural (A5)
/N Analysis Settings

,/Gﬂ Remote Displacement

- Solution (A6)

,/m Solution Information
& Equivalent Stress

Fracture Tool

0.0 40.00 (mrm) b
D 20.00
Graphics Propertis
=/ Definition G try 4 Print Preview » Report Preview/
Suppressed Mo . ']
2

Stiffness Behavior Flexible T |Association

Coardinate System Default{Coordnater: Warning | An iterative solver was used for this model. However, a direct solver may enhance perft Project> Model=5t

Reference Temperature | By Environment Warning| The base mesh is too coarse around crack location, Please refine the location with sphe | Project> Model=Fr
[=1| Material Warning | Current Circumferential Division is 8 which might create unsmoothed mesh or cause fa | Project>Model=>Fr

Structural Steel

Monlinear Effects Yes %) MNew Material...
Thermal Strain Effects | Yes B Import...
i r
Boundang Bow 'l @3 Edit Structural Steel... ||
—i= - B e ——

Pisa, June 15 — July 14, 2015
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CT specimen example

Elastic-Plastic steel, Bilinear Isotropic Hardening

Same load P, Elastic-Plastic material:
J(ANSYS) = 2.748 mJ/mm°

Previous (just Elastic):
J(ANSYS) = 2.786 mJ/mm”°

A% =-1.4%

15.00

Pisa, June 15 — July 14, 2015 27
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CT specimen example

Elastic-Plastic steel, Bilinear Isotropic Hardening

Same load P, Elastic-Plastic material:

K\ 18 also calculated,

though theoretically not available
(just the output of CINT,SIFS command)

K, (ANSYS) =800 MPavmm

Previous (just Elastic):

,[L, K, (ANSYS) = 782 MPavmm

.00 30,00 (rrir)
15,00

A% =2.3%

Pisa, June 15 — July 14, 2015 28
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CT specimen example

Small Scale Yielding

Equivalent Plastic 5t
Type: Equivalent Plas
Unit: ramymm
Tirne: 1

224072015 12:57

K, and J similar values,

with respect to the

0.044311 Max
0.029388
0.034464
0.029541
D.024617
0.019694
0.01477
0.009547
0.0049235

0 Min

previous just elastic calculation,
due to the very small

plastic region

Pisa, June 15 — July 14, 2015 29




CT specimen example

Increasing load — Multiple time step simulation

Details of "Analysis Settings"

[=]| 5tep Controls

Mumber Of Steps 4,

Current Step Mumber | 1.

Step End Time 1.5

Auto Time Stepping | Program Controlled

Tabular Data
Steps | Time [s] | [ X[N][[v Y [N][[v Z[N]
1|1 a, a, Q. a,
21 1 a, 10000 a,
32 2 a, 20000 a,
43 3 a, 30000 a,
54 4 a, 40000 a,

Pisa, June 15 — July 14, 2015 30




CT specimen example

Increasing load — Multiple time step simulation

Tabular Data

I I I I I St Ti v N] ||v Y IN] ||v Z[N
Non linear analysis — iterative solution {Sieps ime = [} X [N |14 ¥y ]2 [0
211 1, 0. 10000 Q.
3|2 2 0. 20000 0.
413 3 0. 30000 0.
514 4, 0. 40000 0.
—— Force Convergence Farce Criterion —— — - Substep Converged — — - Load Step Converged
399.34 | | | | 1 | | 1 | ) | | |
fs;j | | | | ] | | I | ! | | |
i I S N N B I A TA
S 1547 | | | | |l ] | | LA | ! | !
3 55653 | . | | - | | | ! | | |
Esomn 4| A | | vl | | e | | ! | |
1842 | | | | ! | | | | | |
035424
| I VV A T BV
| ] ] | | |
1. 3. b, 12, 15 18 A, 24, 7 30 33,
ofs — .
]
£ P S S *
=0
1. 3 &, 12, 15. 18, A, 24, 27, 30. 33,
Cumulative Iteration
Pisa, June 15 — July 14, 2015 31




CT specimen example

Increasing load — Multiple time step simulation

Increasingly discrepancy of K, with respect to J

Elastic-Plastic, ANSYS Workbench

S_Y, MPa B, mm
500 12

P, kN K_I, MPa mm”0.5 |J, mJ/mm~2|K_I, from ) |Delta % B_min for PI. Strain
10 800 2.748 777 -2.9 6.0|=> [PI. Strain
20 1969 11.25 1572 -25.2 24.7|=> |PIl. Stress
30 3712 27.32 2450 -51.5 60.0[=> |[PI. Stress
40 6269 56.85 3535 -77.4 124.9|=> |PI. Stress

Unreliable Reliable Equivalence

Pisa, June 15 — July 14, 2015




CT specimen example

Increasing load — Multiple time step simulation

Plastic region size

P=10kN B=12mm

K

2
B . = 2.5( ] = 6.0mm

— Plane strain

2
rpzi(ﬁj =0.26 mm
37\ Sy

Y

Pisa, June 15 — July 14, 2015 33
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CT specimen example

Increasing load — Multiple time step simulation

Plastic region size

P=40 kN B=12mm

2
B .. = 2.5[£j =124.9mm
Y
— Plane stress Load <<&80% of
2 fully plastic value
1[ K,
rp:; < | =15.9mm Ok theuse of J
Y

___________________________________________
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