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INTRODUCTION

XFEM

-

The Extended
Finite Element Method
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XFEM - Context

» The difficulty of 3D Crack propagation

» Conventional fracture mechanics is not valid for crack
propagation with complex geometry

» Experiments are mostly empirical and phenomenological and
mainly focus on planar cracks.

»Rapid development of numerical simulations along with the
development of computer technology

»Many computational fracture mechanics methods appeared

» X-FEM proposed in the late 1990s and became very powerful
for complicated fracture problems.
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Introduction

onventional FEM shortcomings:
» Element boundary must coincide with geometrics of the defects
»Mesh size dependent on the geometric size of the small defects
then decides critical stable time increment
» Cracks can only propagate along the element not natural path
»XFEM: a numerical it
technique based on
generalized finite element
method(GFEM) and
partition of unity
method(PUM)

Source: http://www.matthewpais.com/abaqus
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Introduction

* Performs best for pronounced non-smooth characteristics in
small parts of the computational domain, €.g. near
discontinuities and singularities, 1t has optimal convergence
rates for these applications

Source:https://www.google.com/search?q=xfem&newwindow=1&rlz=1C1TGIB_enUS677US677&source=Inms&tbm=is
ch&sa=X&ved=0ahUKEwj8opTtmarMAhUM4yYKHasBAbkQ AUICSgD&biw=1280&bih=939#imgrc=N4FFu9rnjAol
IM%3A
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Characterizations of XFEM

» Crack location and crack propagation inside the elements:

» Cracks with complicated geometries can be modeled by
structured meshes

» Cracks can propagate element by element without
remeshing (save computational cost significantly)

L
Mises/MPa | 2 3 4 56 7 8 9101112

One example of crack branching simulation (Xu et al., 2013)
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» Enriched elements with
additional degrees of
freedom at crack surface
and crack tips

» The discontinuous shape
function 1s used to capture
the singularity of the stress
field near the crack tip

» Convenient to implement in
commercial software and
with parallel computing.

Characterizations of XFEM

» The description for the
discontinuous field 1s
entirely independent of

3D fracture X-FEM modeling
(Areias and Belytschko, 2005b)

7
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Not only simulate cracks,
but also heterogeneous
materials with voids and
inclusions

» Displacement: strong
discontinuity
» Strain: weak discontinuity

Mesh boundary does not have to
coincide with material interfaces,
representative volume element(RVE)
can be meshed by brick elements

X-FEM modeling of nanotube composites
(Belytschko et al., 2003b)
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Comparing with Other Methods

»VS. remeshing technique in FEM

»Unnecessary in X-FEM for mapping of field variables after
crack propagation

»VS. boundary element method,

» X-FEM can solve multi-material or multi-phase problems
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Shortcomings and Assumptions

» Only for linear elastic materials
» multiple initial cracks can be defined
» XFEM analysis is only assumed to be quasi-static

» Time stepping needs to be small enough to capture
crack propagation

> Difficulties in localization of fracture initiation
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HISTORICAL
PERSPECTIVE

XFEM

-

The Extended
Finite Element Method
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X — FEM Research Status

» The improvement of related theories:
»blending elements
» Subdomain integration of a discontinuous field
» Stability of explicit time integration
» Extent of the basis of enrichment shape function

» The development of element types
»2D plane element
»3D solid element
» Shell element



PENNSTATE

&

Development of XFEM Theory

»Melenk and Babuska (1996) and Duarte and Oden (1996)

»the mathematical foundation of the partition of unity finite
clement method(PUFEM) were discussed

» Belytschko and Black (1999)

»minimal remeshing finite element method by adding
discontinuous enrichment functions to the finite element
approximation to account for the presence of a crack.

»Moés et al. (1999) and Dolbow (1999) and eXtended Finite
Element Method (XFEM) was named

»Heaviside function and crack tip function as the enrichment
shape function of elements including the crack surface and
tip respectively
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Development of XFEM Theory

»Daux et al. (2000)

» Crack branching by more than one enrichment shape
function 1n crack tip elements

» Belytschko et al. (2003a)
»New crack nucleation criterion, the loss of hyperbolas

» Chessa et al. (2003)

» Improved blending element performance using assumed
strain method
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Alternative Techniques

» Element-free Galerkin method (EFG) (Belytschko et al.
1994)

»Meshless local Petrov—Galerkin(MLPG) (Atluri and Shen
2002)

» Smoothed particle hydrodynamics (SPH) (Belytschko etal.
1996)

» Finite point method (FPM) (Onate et al. 1995)

» Reproducing kernel particle method (RKPM) (Liu et al.
1996)

» Equilibrium online method (ELM) (Sadeghirad and
Mohammadi 2007)
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GENERAL PRINCIPLES

XFEM

-

The Extended
Finite Element Method
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What 1s X-FEM?

EXtended Finite Element Method

Extended? =) Djiscontinuity

The original displacement functions fails to model the
crack

17
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Crack /

propagation

ttettetttttteet

(J

How does ‘Extended’ works?

FEM

X-FEM

18
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How does ‘Extended’ works?

With X-FEM method:

* You dot ider the ntinuity anymore!
{.ﬁ'
* You don’tneed t nodes, he crack/interface !
e N 4
* You don mesh!
_‘i"
What you/nge

* uniforn¥mesh %

* enrich the element where discontinuity exist.

19
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ow does X-FEM enriched the approximation?

U(x) — UFE + Uenrf'chment

| |

2N, Y0k,

e

enriched shape function  newly added degrees of freedom

N\

Strong discontinuity weak discontinuity

20
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Discontinuity

Seaigiibsoaniningy
dissconimaitytyn ththdesohtiien ofithebid wioproddiahie
displasstaentissonsiiongathrtaakes a jump

1 Kink i

- & |

‘ |
+ Strain jump
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Enriched shape function construction-strong discontinuity

Crack-cross element Crack —embedded element

22
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N nriched shape function constriction-strong discontinuity

crack-cross element

the displacement field on both sides of crack are discontinuity

w;(x) =N, (x)*H(f(x))

1 H(x)is the Heaviside step function
///
> I x>0
H(x) =
-1 x<0

Crack-cross element f(x)is the signed distance function

23
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) Enriched shape function constriction-strong discontinuity
signed distance function

f(x) is the signed distance function

f(x)=[lx—x*||sign{nr, -(x—x*))

(>0 if xeQl,

f(x)x=0 if xel,
<0 if xeQ,

When x is lies the same direction as n, f(x)>0

When x is lies on the interface, f(x)=0

When x is lies the opposite direction as n, f(x)<0

24
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@ Enriched shape function constriction-strong discontinuity

crack-cross element

f(IXC)ZO
I I I I
1 f(X,)<0 1 1f(X3)>0 I
S p—
|
[ Al 1 IH(f(X))=1|
| H(E))=0 | ——— |
7 X o T— IH(f(x)=-1! | | |
| x>0 | Lo |
' P N, (x)
X)*H(f(x 2 (x)
I (I I I
| 1 [ I
T~ I T I
? b ?
| '1I)I | 1
I I I I
S o' o b

25
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= Enriched shape function constriction-strong discontinuity

crack-embedded element(crack tip)

X)
: 0 0 .
d(x) = [\/; Sit /;COSE’ Jr c055s1n 6’}
l{’
/
/

build the shape-furaetiondiseentinuity

=
1 (3 VaYihhiials1/ah 'FI]‘; 'h. Y 1
improve the-aeenraey-of ¢hisp acement field

L%
h

r and O are position parameters in polar coordinates.

26
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2D Displacement function for the strong discontinuity

U (X) — UFE + Uenrichment

— UFE + Uenrichment(crack—cross) + Uenrichment(crack—embedded )
=2 N, (0)*U D, (0% + Y g (0 *u
I J J

=2 N, (@)*U N, () H(f () *u'y + 3N, (x)* ¢ () *u'

[U(X) =D N,(0)*U, +ZNJ(X)*H(f(X))*u',~ + 2 N (x)*4,(x) *u";}

27
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e Enriched shape function constriction-weak discontinuity

Ramp function: | f(x) |

= W, (x) =N, (x)*] f(x) |

Crack-cross element

| f(X) =+

| ——
N~——1

S f(x)20
—f(x) f(x)<0

28
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Enriched shape function constriction-rump function

f(X.)=0

f(X3)<0 f(X3)>0

. X}.&O
(el
-¥) f(R)<0r, . ° y
f(x)<o ! ’ !

29
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Enriched shape function constriction-Weak discontinuity

f(X,)<0 f(X)=0 f(X5)>0
|

I I
(| I
o——p o
2 1 3
(I I

| 1
| |
- @ Q
f(X:)=0 M q
: ! -
f(X,)<0 f(X4)>0 : | :
2 : 3 TVAE] &A JEICOI R
| | | | |
|

(X)) ' 1£(X3)] ;
o P I PN 0 | | | | |
1 2 : 3 4 | 1001+ N2 (@) | I
I | | | |
| 5 )
| | | | |
I b Golle N | I
| | | |
b 5

30
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GOVERNING EQUATION

The Extended
Finite Element Method
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overning Equation

» The strong form of the equilibrium equation:

V-6+b=0

Boundary conditions

* Displacement (Dirichlet) u=taonTl,
boundary condition:

* Traction (Neumann) boundary o -nr=tonT,
condition:

* Internal boundary condition: - nr, =%, on the discontinuity I';

32
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overning Equation

> The weak form of equilibrium equation:

V-6+b=0

Multiply by the test functions ou(x, t) and integrate over
the domain

[ du(x,t)(V-6+b)dQ2=0
Q

Integration by parts
& Divergence theorem for
discontinuous problems

[ Vﬁu:adQ+H [5u-a]nr{,a'l}[ 5u-fd1“—J Su-bdQ=0
Q I r Q

l can be eliminated if a weak discontinuity or traction
free crack is used

J Véiu:adQ—[ :Su-fdl“—j Su-bdQ=0
Q r Q

33
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overning Equation

» Discretization of governing equation

J V@u:on—J 6u-de—J su-bdQ=0
Q T, Q

I mm) KU-F=0

Displacement approximation

N M
u(r,1)=) Nix) i+ ) Nix) (wx)-v(x))a,
i=1 j=1 K: global stiffness matrix

=N"(x)u+N(x)a U: vector of degrees of
nodal freedom
(both standard and
20N 5 |9N; J . ched
e, =)~ ) =2 plx)-y(x)) +Nx) o (ww)-v () |2 enriched)

f: vector of external force
=B*(x)u+B""(x)a

Constitutive relation ¢=Deg¢

34
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overning Equation

Discretization of governing equation

Standard degrees of nodal freedom

-

Enriched degrees of nodal freedom

/F: '
(

J N"””’)del“+J (N dQ

(N“‘")dehj (N bag

I Q

I, Q

(B std ) TD Bs.’d do j (Bs.“d ) TD B¢ 4Q

(Bem') TD Bsm‘dg [ (Bem')TD B 4Q)

For 2D problems:
[ON;/ox 0

BY=| 0  aN/dy
_r?N,-/r?y r?N,/r?x

‘B?’Hf - 0

(0[N ) (w()-w(x))] /0

9N (x) (wlx) -y (x;)) |/

0
30 v e)) /o

3 [Ni(x) (w(x) -y (x;)) | /o
35
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overning Equation

The Heaviside fuy(x)=H(¢)

I VESO I[Nj(x) (yr(x) =y (x;) )] /o 0
H(g)=sign(5) = {_1 VE<0 B = 0 3[Njx) (w(x) - (x)) ]/
IN) (W) -w(x)] /dy  IN;(x) (wx)-w(x;))] /o

l

H (&)=

l

B =

{1 at crack tip

0 otherwise

N, [HE)-HE)] 0
0 N, [HE)-H(E)]
N [HE-HE)] N, [HE-HE)]

. The weak discontinuity ¥(x)=7(x)=|5(x)

v (x) =sign(¢) ¢,;(x)

4
‘.-E,f(x) = ZN;‘,;‘(X) §;‘
j=l

36
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dverning Equation

e near tip enrichment ¥ = F,(r,0)

O @ O @)
F,(r,0) {\fsm—sfcos—(Slnf?smgfsmé’cos—}

(in terms of the local crack tip
coordinate system)

Derivatives of F,(r, 8) with respect to the crack
tip polar coordinates become

) Jroo6

=—sm— Fl g =——cos—
202

Wr

6 Jr. 8

cos - Fy g =———sin—

2,/_ 272

1 . .
—=sin — smB Fyp= \/_(Ecosgsmeﬂmgcos:QJ

2f

1 0 . 1.8, 0
F, cosEsmﬁ, Fig =\/;(—Esmism9+cosgcosﬂ)

9 N;x) (w(x) -y (x;)) ] /0 0
0 3Nj(x) (w(x) -y (x;))] /dy
IN) (wlx) =y (x;))] /9y INi() (wlx) v (x;))] /o

Asymptotic near tip displacement field
u(x,y)= —\/% cos(0/2)[x — 1+ 2sin’(0/2)]

+ %\/”/TP‘ sin(0/2)[x + 1 + 2 cos?(0/2)]
o03) = 5T 02 41 - 208012

. 12%[ P24 cos(0/2)[k — 1 — 2sin’(6/2)]

37
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overning Equation

i By = 0 AN e) (w(x)-w (x;))] /0y

1
Fy, = —m=sin 4 —sinfl, Fy= \"11 cus o sinf +sin — o (:059
- Zyr 2 2

/

I . 1.8 )
Fy, =—=cos b sind, Fyy =Jr| ——smgsm9+cosgms.9]
Tl 2 ] 1)

Derivatives of F,(r, 8) with respect to the‘ The derivatives in the global coordinate system
local crack coordinate system (x', y')

1.8 I 8
Fp=-—=sin—, F = —=cos— -F )
=T = ) F,=F, ocos(@)-F, ,sin(a)
F. —LcosE F. —LsinE :
I 2= Fy,=F, psin(@)+F, cos()
Fyo=———sinsng, F, =L[Sing+sm£ cos(?] a is the angle of crack path with respect to the x
Toar 2 Yol 2 2 aXiS
Fy, ———cos 30 smﬁ, Fyy =—{ os€+cos£cos9J
HWr Jr

38
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HAND-CALCULATION
EXAMPLE

XEFE

e

The Extended
Finite Element Method
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1D Calculation

Example: 1D Crack Propagation

— = = = Bar example

L L L
Three elements
Four nodes, four standard degrees
of freedom
e et e g Two enriched degree of freedoms
B ar 2 ““ One crack — strong discontinuity

XFEM Discretization

40
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Strong discontinuity
Px.)=0

|
x,)<0 (x3)>0
X, :C Py

%
1 2 | 3 4

I—
H(p(x;))=+1

H(p(x,))=~1
e

Source: Khoei, 2015

Signed Distance Function

N3 (x) H(x)
1
J +1

41
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Nodes and Elements

u(x) =Nu,+ HNa,

42
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Ko = EA [ (B3*)" B3t dx

-2 [P

Kua = EA J; (B")' BE™ dx

_EA[—1
B T[ 1 ] 1]
Kau = EA [, (BE™)T B dx
EA
=2 -1 1)
Ko = EA J (BE™)TBE™ dx

=22 [-1][-1]

Element 1

Ko = % _11 _11]
k=7
Kea ==

43
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- |

Kuu
Kau

1

Ketement1 = [—1

-1

Kua
Kaa

-1
1
1

|

-1
1
1

44
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Element 3

&

[ ]
H=+1
X X
std _— _ - =
N _[1 L L]
1 1
Bstd:[__ _]
u L L

v = ;- 1]

ol [

Kuw = EA [} (B*)" Bitddx

=2 1

Kua = EA f; (B")' BE™ dx

-2[

Koy = EA [/ (BE™)T Bt dx

=2 -1 1]

Koy = EA [}/ (BT BS™ dx

=2 [-1-1]
Bt =7[-1 1]
By =1 [1]

Kun = —11 _11]
k=7
Kaa =7

45
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Element 3

[Local Level

‘Q3
[ S ]
T
1 -1 -1
-1 1 1
-1 1 1

K =7 —11 _11]
=l
Kaa =2

46
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Element 2 (enriched nodes)

std _— _x X
| Seee— L WSSSS—— N u _ [1 L L
T
1 1
Bstd — [__ _]
u L L
N h _ [N.s‘m‘ N ]
X X
enr _— 1—= =
Ng H .1

47
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Element 2 (enriched nodes)

Q ! ot
X X © . O d x X
std _— 1—-—= = @ ssanassosnn oumgeumg g NS =|1—-= =
Ny [ L L w u [ L L
a : a
std _ [_1 1 std _ [_1 l]
By = [ L L] A
N () = e NE™ () =
_ B () =71 —1] X X
X X L —__ =
F-1 =% s - bt H[1-7 3
Ben () = 1 1 B (+) = H _1 l]
a ( ) — |7 I a L L

48



PENNSTATE

&

[Local Level Ko = BA [ (B24)" Bt

o Pu I

. Koo = EA S5(B5) B dx Kuq = EA fgL(B;j‘d)TBg"de
Element 2 ) ~:Qz (+) [y 1 :%—11] [ 1]
.:::::::::::::::*‘_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-. K = EA [5(B5™ YT Bt dx Koy = EA fgL(Bﬁm)TBimdx
Lo SR [
' Kaa = EA [3(BE™ )T B dx Ko = EA féL(Bgnr)TBgnrdx
=7 1 =21 -1
K = % =
Bitd =[-1 1]
BE(+) =7[1 -1] o ear1 -1 . EBA[—1 1
BE (=) =1[-1 1] Kua = oL l—l 1 ] Kua = 2L [ 1 _1]
KT_=E[1 —1] K.}_T:El—l 1]
au 2L |—1 1 au 2Ll 1 _1
RN R TE
2L1-1 1 aa 20 l—1 1

49
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Kua = Kya + KJa
Koy = Kgu + Kc-li_u
Koo = Kaa + Kc-ll_a

EA

Ketement 2 = T

U

S O

[Local Level

a

- O

o of

ua

au

aa —

EA _11 EA
_ﬂ[—11 11]+ﬁ

%l 10t [1 2
[1 _1] 2L 1 —]

5 7

Kaa = % [_11 _11]

o -

50
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All Element

Lb Integration

K

= | B DB dx

-

Fill in stiffness matrix

Kuu Kua ]
, 6X6
[Kau Kaa

51
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Moving to Global Level
1 -1 0 o0 -1
2 -1 0 1
_EA 2 -1 0
K = I Symmetric 1 0
2

52
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Stifftness Matrix

. N _ .
u, ;112_> %’ Uy
(2 11 o] [w] (o
1 2 0 —1f |us| |a
1 0 2 —1|la |0
0 -1 -1 2] |a] |-@

U1
U9
Usg
Uy
a1

(19

-

g B CTI-TR T I

(N~

(Nl i~
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XFEM Result

KU-F=0
5 4 5 4
.p'r
% 4 4 r"'
o
g - »
y 4 e EXACT
A e r— u®X) g o7
o e weenpess FEM
1 - "
1 1+ -
.,F‘
3 Fd
0 - T v o _ . |
x] 5 10 15 0 3 10 15

Source: Kermani et.al presentation, 2014
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NUMERICAL EXAMPLE

XFEM

The Extended
Finite Element Method




PENNS

&

[ATE

merical Example

> 2D Static Edge Crack

E=10 MPa

v=0.3

. 0=0.15*step MPa
T+ W p-of
ﬁ_

5_
4_

2.3,35)

3_
2_

'1_

U_

y y y y v 7{;

o - 0=0.15*step MPa

1
2 -1 0 1 2 3 4 5 6

56
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merical Example

Tensile strength=0.1 MPa

» 2D Edge Crack Growth

Crack propagation criterion: Maximum stress>Tensile strength
Crack propagation direction: Vertical to the direction of maximum stress
Magnitude of the incremental crack growth: 1/10 of the initial crack length

0=1.0 MPa B

A y N y N A
o 7
ﬁ_
5_

0.7,3.5

4_
3_
2_
'1_
U_

y y y y N v
0=1.0 MPa al

2 3 4 3 [ L | I I I I | |

57



Numerical Example

44 45 46 47
3
/ e
7 }%3/ 29
(2.3,35)
13 LU £l L L3

H
1]

42

36

30

24

18

12

Standard nodes
Nodes with “H”
enrichment

Nodes with “F”
enrichment

Number of

nodes

Number of

unknowns per

node

10

Size of Global Stiffness Matrix
=41x2+4x4+3x10=128

A4

h
K(1,1) K(1,128) U (L1) f(1,1)

h
_K(128,1) K(128,128)_128x128 _” (128.) Jjygq _f(128,1)

Displacement approximation
w= ) N@u+ ) NOHa +

i€l jEJ
4

> D N@E@bE
1

keEK a=

J128x1
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Numerical Example

Number of

unknowns per
node

al Stiffness Matrix for Standard Elements

local —

6%6,
7

J[8] [D][Blav

S
B
>~
B

>
o
o

=~
o
=\ o~
=~
o

—

- /N
o
=
=
>
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43 a5 /_95 47 48
Py Vi e
. . . //. // S _/'/. //
Local Stiffness Matrix for Enriched Elements | 5 bf b b
// i g /'/ _/'/ //
,31/ 32 / 35/ ;ﬂ// /35// 36
Enrichm Number of NS
/ Vs / 4 /
ent type unknowns per node i O S5 M Mw w3
/ 78 Y /
b Py i s /-'/ /'/
Node 14  unenrich 2 ) O Gm—Fr  m
A i
ed / / /_/ /
2 ZEM AU S, Y S € T
i /./ A P I
Node 21 “F” 10 NN S
il 4 4 g A 4 12
LY 1/ / / /|
NOdC 20 H 4 /// /./ ) /--/ /// ///
d ‘II /1/ 1?/ TA/ I< $F‘

Node 14 (unenriched) Node 21 (enriched by “F”)

Neo 0[Ny, 0 (NyF), 0 (NyF), 0 (NyFY), 0 (N FY), 0
B=| 0 N 0 NZl,y 0 (N21F121) 0 (N21F221) 0 (N21F321),y 0 (N21F421),y

14,y ! ’
_Nl4,y N14,x Nzl,y N21,x (N21F121 )’y (N21F121)’x (N21F221 )’y (N21F221 ),x (N21F321),y (N21F321 ),x (N21F421 ),y (N21F421 ),x
N20,x (N20H20 ),x
N 20, (NyHy, ),y
N 20, Ny (N H. 20), y (N 20H20)’x 316

Node 20 (enriched by “H”)
= |(8] [D][B)a¥

local —

16x16 = 16x3 3x3 3x16 60
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1355

al Stiffness Matrix (16x16)

K(Ll)
K= e o 0 0o 0 0 o o
local LI I ) 21 Kglobal =
e e e o 0o 0o 0o o o o ! e ’_16><20
_K(128,1)

Global Stiffness Matrix (128x128)

’ K(41,27) K(41,28) ' K(41,41) ' K(41,44) K(41,45) ) K(41,54)
) K(44,27) K(44,28) ' K(44,41) ) K(44,44) K(44,45) ) K(44,54
’ K(45,27) K(45,28) (54 K(45,44) K(45,4s) ’ K(45,54
' ((54,27) K(54,y (54,41) K(54,44 &54,45) ’ K(54,5y

Calculate K,

K global

ocal

for every element

¢

(1,128)

(128,128)

61
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. Prescribed displacement | |
Apply boundary conditions  (equal to 0) vavdvdvdra”
. A .32' 33"'. .34" _35". 36
B Ko Rom Koy fu St
) &9 Gzo _Eé; 22 i 724
) V4 ) V4 [ s / s / /
Say T : A(11,108) J(1L)) : (W
4 ‘ 4 1 L U S S S
B2 : (12,128 w = Ja) | Ll 'ﬁ.-' &,
. . e . ¢ . a Ii . 1_-' { 4 , L / usq
K . K h {
X7 - TX27.138) @ T l l lL l l %'
=3.0 MPa
Ko ~ K K . K K b °
| B 1128,11) (128,12) 128,127)  *(128.28) Jp,028 _u(128’1)_128x1 _f(128,1)_128X1
6
Jon = Joay =-15x10° N )
i o= =Fin = =-3.0x10° N # We can solve for all the unknowns! i
6 -
f(118,1) :f(128,1) =1.5x10" N |
()
f(120,1) :f(122,1) :f(124,1) f 126,)) =3.0x10" N 1 il

Calculate displacement

Z N;(X)u; + Z N;(x)H(x)a; + z z Ny (x)F, (x) b}

el JEJ keEK a=



PENNSTATE

2D Edge Crack with Inclusion

y
Top pressure700 Roller BC -
LT L u1=us=o0
(-2,4) (2,4)
E=1Mpa, v=0.33,
(-1.5,0)
B X
E=10Mpa, v=0.33 @9
(-2,-4) (2,-4)
VLI .
Bottom pressure700 Fixed BC :

Ul1=U2=U3=0
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2D Edge Crack with Inclusion
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2D Edge Crack with Inclusion

+ + + + + + + +
oOoOoOOoDo0D O

CDE: IncCrackodb AbhaqusiStandard s d:2 ldobe Apra i a0

Htep: Loading
ncrement

Primary War:
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HAND-CALCULATION
EXAMPLE

XEFE
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The Extended
Finite Element Method
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=¥ Example Application

»Example simple open hole
https://www.youtube.com/watch?v=418TxVix1x0
»Example cooling fin
https://youtu.be/mnJwdD8PdDg?t=4

»Example target temperature
https://www.youtube.com/watch?v=RCLESpLwMdQ
»Example cracking
https://www.youtube.com/watch?v=thA7Cy1x0vk
https://www.youtube.com/watch?v=nU2bDphLJBc
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https://www.youtube.com/watch?v=4i8TxVix1x0
https://youtu.be/mnJwdD8PdDg?t=4
https://www.youtube.com/watch?v=RCLE5pLwMdQ
https://www.youtube.com/watch?v=thA7Cy1x0vk
https://www.youtube.com/watch?v=nU2bDphLJBc
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THANK YOU!



