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SUMMARY
A combination of the extended ﬁnite element method (XFEM) and the mesh superposition method
(s-version FEM) for modelling of stationary and growing cracks is presented. The near-tip ﬁeld is
modelled by superimposed quarter point elements on an overlaid mesh and the rest of the discontinuity
is implicitly described by a step function on partition of unity. The two displacement ﬁelds are matched
through a transition region. The method can robustly deal with stationary crack and crack growth.
It simpliﬁes the numerical integration of the weak form in the Galerkin method as compared to the
s-version FEM. Numerical experiments are provided to demonstrate the effectiveness and robustness
of the proposed method. Copyright 䉷 2004 John Wiley & Sons, Ltd.
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1. INTRODUCTION
Recently, a variation of the ﬁnite element method, the extended ﬁnite element method (XFEM),
was developed to implicitly model internal discontinuities, such as cracks on the basis of the
partition of unity [1–5]. The XFEM has proven quite successful in elastic fracture mechanics
and in the treatment of cohesive crack models [6, 7]. This method can treat a crack that is
arbitrary aligned with the mesh, so no remeshing is needed to model crack growth. As a result,
the method can avoid difﬁculties that might ensue in remeshing when tracking crack growth.
However, the treatment of the crack tip entails the use of asymptotic near-tip ﬁelds. These
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ﬁelds are sometimes difﬁcult to integrate; their matching with the step function that models
the remainder of the discontinuity is also at times problematic [8]. In this paper, we explore
a method where the crack tip is treated by superimposed quarter point elements, whereas the
rest of the crack is treated by the XFEM.
The concept of superposing a cracked mesh on a continuous mesh has been proposed
by Fish in the s-method [9–11], an extension of the spectral overlay technique by Belytschko
et al. [12]. A difﬁculty with the s-method is that quadrature of the Galerkin weak form becomes
awkward because of the many discontinuities. Furthermore, intermediate elements need to be
inserted when crack growth is modelled. The attractive feature of the proposed method is that
the XFEM is used for the crack away from the tip. Therefore, no elements need to be inserted
for crack growth. Furthermore, the quadrature tends to be simpler. Thus the proposed method
can be viewed as a combination, or hybrid, or the s-method and XFEM. Therefore, we will
call this XS-FEM in this paper.

2. SUPERIMPOSED DISPLACEMENT FIELDS FOR CRACK MODELLING
Consider a domain  with boundary * and a crack C . The boundary consists of the prescribed
traction boundary * t and the prescribed displacement boundary *u ; *u ∪ * t = * and
*u ∩ * t = 0 as shown in Figure 1. We allow this domain to contain discontinuities. Consider
arbitrary regions completely enclosing the crack tips, we call these overlaid domains ov
i where
 Nc ov
ov
ov
i identiﬁes the crack tip and  = i=1 i . Each overlaid domain i covers the region
where the near-tip ﬁeld of crack i is dominant and Nc indicates the number of crack tips.
We assume that near-tip ﬁeld is dominant only in this domain. Those domains are discretized
independently with separate mesh structures.
On the basic mesh, the displacement ﬁeld takes the form
uba (x) = ucont (x) + udisc (x),

x∈

(1)

in which ucont (x) represents the continuous displacement ﬁeld and udisc (x) denotes the discontinuous displacement ﬁeld that is discontinuous across the crack. On the other hand, the
displacement ﬁeld on the overlaid mesh is deﬁned by uov (x). The total displacement ﬁeld is
obtained by a superposition of two displacement ﬁelds of the separate meshes and it takes the
form
u(x) = ucont (x) + udisc (x) + uov (x)

(2)

Let the boundary of each overlaid domain be iint . We require that
uov (x) = 0,

x ∈  int
(3)

Nc
iint ) to guarantee C 0 continuity of the
In other words, uov (x) should vanish on int (= i=1
total displacement ﬁeld.
When the overlaid mesh completely falls within the domain i.e. *u ∩ iint = 0, the essential
boundary condition can be satisﬁed by the usual ﬁnite element method procedure. The prescribed
displacement ū(x) can be approximated with
ucont (x) = ū(x),
Copyright 䉷 2004 John Wiley & Sons, Ltd.
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Figure 1. Basic domain () and overlaid domains (ov
i , i = 1, 2) in the XS-FEM.

However, if *u ∩ int = 0 then the prescribed displacement boundary condition is
ucont (x) + uov (x) = ū(x)

x ∈ *u ∩ int

(5)

The ﬁnite element approximation is constructed by meshing  and ov independently and
superimposing the meshes. The domains  and ov are discretized by separate sets of elements
e and ov such that

e = 
(6)
e∈E



e∈E ov

ov
ov
e =

(7)

where E and E ov are the total ordering of the elements corresponding to basic and overlaid
domains.
Figure 2 shows a mesh for the basic and overlaid meshes in XS-FEM. As can be seen,
the near-tip ﬁeld is modelled by a set of special elements for the crack on the overlaid mesh
whereas the rest of the crack discontinuity is treated by the XFEM. Let the set of nodes of the
 NC ov
basic mesh be  and the set of nodes of the overlaid mesh be ov = i=1
i . On the basic
mesh, the XS-FEM approximation, which has only step function enrichment, can be written as
ûba (x) = ûcont (x) + ûdisc (x)


=
NI (x)uI +
I ∈

Copyright 䉷 2004 John Wiley & Sons, Ltd.

J ∈disc

NJ (x)(x)aJ ,

x∈

(8)
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Figure 2. Mesh discretization of the basic and overlaid domains in the XS-FEM; the near-tip ﬁeld
of the overlaid domain is modelled by quarter point elements and the rest of the crack is treated
by the XFEM on the basic mesh.

where uI are displacement vector at the basic mesh nodes, aJ are enrichment parameters that
give the strength of discontinuity, and disc is the set of nodes that are to be enriched with
step functions. (x) are discontinuous enrichment functions for the elements completely cut
by a crack. To form a local partition of unity the enriched displacement ﬁeld should vanish
outside the enriched element [13]. Thus, a shifted sign function [7] is used
(x) = sign((x)) − sign((xJ )),

J ∈ disc

(9)

where (x) is a level set function constructed from the signed distance function; it is
deﬁned by
(x) = min (x − y) sign(n Q (x − y))
y∈C

(10)

The sign function is deﬁned by

−1

for x < 0

+1

for x > 0

sign(x) =

(11)

Thus, the crack is implicitly deﬁned by the level set function and the end points of the crack.
Other applications of step function for elements completely cut by a crack can be found in
References [2–5].
The ﬁnite element approximation on the overlaid mesh takes the form

ûov (x) =
NKov (x)cK , x ∈ ov
(12)
K∈ov

where cK represents near-tip ﬁeld displacement on the overlaid mesh and NKov (x) denotes the
shape function of the element chosen to model the crack tip. Here we have used the triangular
quarter point element that is constructed by coalescing eight-node quarter point element [14].
Copyright 䉷 2004 John Wiley & Sons, Ltd.
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It is well known that the derivative of NKov (x) has an r −1/2 singularity at the crack tip. From
(8) and (12), the complete approximation reads



û(x) =
NI (x)uI +
NJ (x)(x)aJ +
NKov (x)cK , x ∈ 
(13)
I ∈

J ∈disc

K∈ov

Chessa et al. [13] pointed out that a local partition of unity loses the reproducing property
in the region where the enriched elements are blended with standard ﬁnite elements. In this
work, this difﬁculty does not arise because only the step function is used to enrich the approximation by the local partition of unity. The near-tip ﬁeld in (12) totally participates in approximation (13) when it matches with (8) over  ∩ ov , i.e. it is simply added to the approximation
directly rather than through a partition of unity. Therefore, higher-order approximations do not
cause a difﬁculty as in Stazi et al. [8].
3. WEAK FORMULATION OF XS-FEM AND DISCRETIZATION
3.1. Strong form and weak form
A two-dimensional solid problem with small displacements in the domain  bounded by *
is considered. At each point x ∈ , the differential forms of the governing equations yield (14)
with stresses  and body forces b and boundary conditions given in (15) and (16):
∇ Q + b=0

in 

(14)

u = ū

on *u

(15)

 Q n = t̄

on *t

(16)

In the above, the superposed bar denotes prescribed boundary values, n is the unit normal
to the boundary *t and t̄ is the prescribed traction. On the crack, we assume traction-free
surfaces so
Qn=0

on C

(17)

Under the assumption of small strain and displacement, the kinematic equations consist of
the strain–displacement relations
 = (u) = ∇s u

(18)

where ∇s is the symmetric part of the gradient operator. If a linear elastic constitutive law is
considered then the constitutive relation is
=C : 

(19)

where C is the Hookean tensor.
The discrete equations are constructed by the Galerkin method. Consider an admissible
function space for the governing equations (14)–(16). A kinematically admissible function
space can be deﬁned as follows:
U = {u ∈ V () | u = ū on *u ,
Copyright 䉷 2004 John Wiley & Sons, Ltd.

u discontinuous on C }

(20)
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The space V () allows for discontinuous function across the C . The test function space is
similarly taken as
U = {u ∈ V () | u = 0 on *u ,

u discontinuous on C }

(21)

where the functions u ∈ U vanish on *u .
The potential energy for the given strong form (14)–(16) is
1
a(u, u) − G(u) − (t̄, u)*t
2



1
=
(u) : (u) d −
u Q b d −
u Q t̄ d,
2 

*t

(u) =

∀u ∈ U

(22)

in which displacement ﬁeld u that minimizes the above functional should be found; it equivalently satisﬁes the given partial differential equations. Now, setting the ﬁrst variation of the
above functional to zero, i.e. (u, u) = 0, a weak form of the given governing equation is
obtained by
(u, u) = a(u, u) − G(u) − (t̄, u)* t



= (u) : (u) d −
u Q b d −




* t

u Q t̄ d,

∀u ∈ U

(23)

From the predeﬁned test function space (21), the solution u is obtained by solving the above
weak form.
3.2. Discrete system
Consider ﬁnite-dimensional subspaces spanned by the basis taken from the test function space.
The ﬁnite-dimensional subspaces should be chosen to be linearly independent by avoiding
coincident elements in the basic and overlaid meshes. When the overlaid mesh is superimposed
on the basic mesh, the elements of the basic and overlaid meshes should not coincide. For a
given enrichment function (x), the ﬁnite-dimensional subspace Ŵ is deﬁned by




Ŵ = span
, x∈
(24)
NI (x) ⊕
I ∈

J ∈disc NJ (x)(x)

and the ﬁnite-dimensional subspace Ŵ ov is deﬁned by



ov
ov
NK (x) ,
Ŵ = span
ov

K∈

x ∈ ov

(25)

Then, the ﬁnite-dimensional subspaces Ŵ and Ŵ ov have the following property:
Ŵ () ∩ Ŵ ov (ov ) = 0
Copyright 䉷 2004 John Wiley & Sons, Ltd.
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In this scenario, the interpolation space of the overlapped domain can be enriched by the direct
sum of two ﬁnite-dimensional subspaces as follows:
Ŵ en (en ) = Ŵ ba ⊕ Ŵ ov

(27)

where en denotes the overlapped domain, i.e. en =  ∩ ov when  includes all overlaid
domains such that ov ⊂ .
The discrete system of equations are constructed from the standard weak form (23). The
test function can be written in discrete form



û(x) =
NI (x)uI +
NJ (x)(x)aJ +
NKov (x)cK
(28)
I ∈

J ∈disc

K∈ov

Substituting above test function into (23), the arbitrariness of u I , aJ and cK yields



B(x) : (û) d = N(x) Q b d +
N(x) Q t̄ d
(29)






B (x) : (û) d =
ov

ov

*t





N (x) Q b d +
ov

ov

*ov
t

Nov (x) Q t̄ d

(30)

where
B(x) =
N(x) =

Bov (x) =
Nov (x) =

 *(NJ (x)(x))
 *NI (x)
+
*x
*x
I ∈
J ∈disc


NI (x) +

I ∈


K∈ov



ov

K∈


J ∈disc

NJ (x)(x)

(31)
(32)

*NKov (x)
*x

(33)

NKov (x)

(34)

As seen in (29) and (30), the equilibrium equations are coupled through the dependence of
the stress on both ﬁelds. The discrete system of equations can be written as


  ba 
Kba–ba Kba–ov
uba
fext


=
(35)
ov
uov
fext
Kov–ba Kov–ov
where the unknown coefﬁcient vectors are written in the form {uba }T = {(u1 , . . . , uI , . . .),
(a1 , . . . aJ , . . .)}T for the basic mesh and {uov }T = {(c1 , . . . , cK , . . .)}T for the overlaid mesh.
ba and f ov are calculated from the right-hand sides of (29) and (30),
The force vectors fext
ext
respectively. The components of the stiffness matrix in (35) are given by

ba–ba
KIJLM
= (BIJ (x))T CBLM (x) d
(36)


Copyright 䉷 2004 John Wiley & Sons, Ltd.
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Ω ov
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e

Figure 3. Mapping procedure from the parent co-ordinate (, ) of basic mesh to the
other parent co-ordinate ( ,  ) of overlaid mesh for the quadrature of weak form and
the measurement of displacement and stress ﬁelds.

ba–ov
KIJN
=
ov–ba
=
KKLM
ov–ov
KKN




(BIJ (x))T CBov
N (x) d

(37)



ov

T
(Bov
K (x)) CBLM (x) d

(38)

T
ov
(Bov
K (x)) CBN (x) d

(39)


=

ov

We note that in the XS-FEM, the discrete system of equations retains the symmetry as well
as sparsity.
3.3. Numerical integration of the weak form
In integrating the weak form over the overlapped elements, difﬁculties might arise in numerical
quadrature because the integrand is not continuous in those elements. One of the difﬁculties
comes from the fact that the Gauss quadrature points of basic and overlaid meshes do not
coincide due to the arbitrary patching of the overlaid mesh corresponding to crack tip. At
ﬁrst glance, the subdivision of the intersected basic elements along the edges of the overlaid
elements might be a good approach, but the subdivision of these elements is practically quite
awkward. In this work, we used a high order of the Gauss quadrature for the overlaid mesh
for the discontinuous integrands of (37) or (38).
In addition, as shown in Figure 3, when the integrands are evaluated over the overlapped
elements, the parent co-ordinate of one mesh needs to be mapped to that of the other mesh. For
example, the coupled stress in (30) is computed through a double mapping where the parent
co-ordinate of basic mesh is ﬁrst mapped to the global co-ordinate and the global co-ordinate is
then mapped to the parent co-ordinate of overlaid mesh again. This double mapping technique
is also needed in computing of displacement and stress ﬁelds. Fish [9] used a similar mapping
Copyright 䉷 2004 John Wiley & Sons, Ltd.
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technique in his s-version of ﬁnite element method and showed that the mapping is sufﬁciently
accurate in the quadrature of weak form.
The other difﬁculty arises from the quadrature of the weak form for the elements cut by
crack. The contribution of the discontinuous approximation enriched by the step function (x)
should be accurately reﬂected on the quadrature. In XFEM [2–5, 15], element quadrature has
been implemented by creating subdomains on the both sides of the discontinuity; Iarve [16]
has proposed a regularization for the integrands. In this work, the elements cut by crack are
partitioned into subtriangles whose boundaries align with the crack geometry and the elements
as follows:
consist of the sum of the subtrianlges sub
d

sub
(40)
cut =
d
d∈Eecut

where Eecut denotes the total ordering of the subtriangles in the elements on the basic mesh.
We note that the subtriangles are required not for additional degree of freedoms related to their
subdivisions but for more accurate numerical integration.
3.4. Modelling of crack opening and propagation
In the proposed method, the crack is modelled by the combination of the XFEM and SFEM.
Figure 4(a) shows that actual crack opening is measured by the sum of the crack openings of
XFEM and SFEM. However, as shown in Figure 4(b), the crack closes ahead of the actual
crack tip in the basic mesh and the approximation enriched by the step function does not reach
the actual tip. Thus, it is necessary to include a transition region where the approximations of
the crack opening by XFEM and SFEM are both operative. Figure 4(c) illustrates the crack
opening on the overlaid mesh. Although the crack opening is closed at the element edge to
satisfy (3), the sum of two openings constitutes the actual crack opening.
The proposed method provides a useful scheme for the modelling of growing crack. As
shown in Figure 5, the tracking of changing crack geometry requires only translation or rotation
of the overlaid mesh and the update of the nodes to be enriched by step functions, The smethod [9, 10], on the other hand involves mesh operations such as element insertions or partial
remeshing. In the XS-FEM, no intermediate elements need to be inserted in modelling crack
growth.

4. NUMERICAL EXAMPLES
4.1. Square patch with near-tip ﬁeld
To demonstrate the performance of the proposed method, several solutions are described. The
ﬁrst is a square patch with boundary conditions from the closed-form solution for mode I crack
problem. Along the boundaries of the patch the known near-tip ﬁeld tractions (41) and (42)
are prescribed and resultant displacement and stress ﬁelds are compared with the closed-form
solutions [17].
KI

cos
xx = √
2
2r
Copyright 䉷 2004 John Wiley & Sons, Ltd.


3
1 − sin
sin
2
2


(41)
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A
Actual crack opening
_
XS FEM modeling

Transition of
XFEM and SFEM

=

(a)

Crack opening by XFEM

B

+

XFEM mesh

(b)

C

Crack opening by SFEM

SFEM mesh

Enriched node
by XFEM
Basic mesh node
w/o enrichment
Overlaid mesh
node

(c)

Figure 4. Modelling of a crack opening displacement (A = B+C): (a) actual crack opening and its modelling by XS-FEM; (b) crack opening by discontinuous enrichment of the XFEM on the basic mesh;
and (c) crack opening by the SFEM on the overlaid mesh.

KI

yy = √
cos
2
2r

1 + sin


3
sin
2
2


(42)

As illustrated in Figure 6 the basic mesh consists of 1018 quadratic triangular elements for
2105 nodes and the overlaid mesh consists of√eight coalesced quarter point elements. The stress
intensity factor is prescribed as KI = 1.0 psi in and is recalculated by the interaction integral
[18]. Figures 7(a) and 7(b) show that the crack opening displacement and near-tip stress agree
well with the closed-form solutions. A stress contour plot of Figure 8 shows that the stress
Copyright 䉷 2004 John Wiley & Sons, Ltd.
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Over laid
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Over laid
Mesh

Basic
Mesh
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Basic
Mesh

(c)
Over laid
Mesh

Nodes enriched by step functions
Newly updated nodes at each step

Basic
Mesh

(b)

Figure 5. Modelling of crack propagation in the XS-FEM; an overlaid mesh is translated or rotated and
enriched nodes are updated in a basic mesh at steps (a) – (c).

ﬁeld is characterizing a crack is successfully captured. Also, the relative error of the computed
stress intensity factor is within 0.39%.
4.2. Edge crack under tension and shear
Figure 9(a) shows an edge-cracked specimen under uniform tension y = 1 psi for mode I state.
Figure 9(b) illustrates a mixed-mode loading where the top of the plate is subjected to uniform
shear  = 1.0 psi and the bottom is ﬁxed. In both problems, plane stress case is assumed;
Young’s modulus E = 3 × 107 psi and Poisson’s ratio = 0.25. The same mesh structure shown
in Figure 10 is used in both cases, which consists of an unstructured basic mesh of 1149
nodes and 2238 linear triangular elements and an overlaid mesh with a set of quarter point
elements.
The stress intensity factor for mode I is compared to the analytic solutions by Tada
et al. [19] in Table I and shows very good agreement. In Table II, the stress intensity factors for
mixed-mode states are compared with the reference solutions that have been given in Reference
[20]. The comparison also shows very good accuracy.
4.3. Edge crack with variation of slant angles
This example as shown in Figure 11(a) examines the edge crack under tension with various
slant angles; 0, 30, 45 and 60◦ . Figure 11(b) shows one of the meshes for the 30◦ slant crack.
A total of 2366 nodes are used in the basic mesh. In the other meshes, the overlaid mesh is
translated and rotated to align with the crack tip.
Copyright 䉷 2004 John Wiley & Sons, Ltd.
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Crack tip opening displacement (in)

4E-8

XS-FEM
Closed form
solution
2E-8

0

-2E-8

-4E-8
0.3a

0.2a

0.1a

0.0a

Distance form crack tip (in)
(a=crack length)

(a)
16

XS-FEM
Closed form
solution

Crack

1.0 in

0. 4 in

Stress (psi)

2.0 in

12

8

4

0
0

1.0 in
2.0 in

Figure 6. A square patch with near-tip ﬁeld and
the mesh structure.

(b)

0.1a

0.2a

0.3a

Distance form crack tip (in)
(a=crack length)

Figure 7. Comparison of displacement and stress
proﬁles of square patch with near-tip ﬁeld to
the closed form solutions: (a) crack tip opening
displacement (uy ); and (b) stress (y ).

Table III compares the stress intensity factors with the reference solutions presented by Tada
et al. [19]. The stress intensity factors show excellent agreements with the reference solutions
for all of the slant angles. In all cases, the relative errors are less than 1%.
4.4. Slant crack growth simulation
In this section, the effectiveness of modelling crack growth is demonstrated. As shown in
Figure 12, 45◦ slanted edge-cracked specimen under uniform tension (y = 1 psi) is considered.
Copyright 䉷 2004 John Wiley & Sons, Ltd.
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Figure 8. Stress (y ) contour plot of square patch with near-tip ﬁelds (unit: psi).

τ

16 .0 in

16 .0 in

σ

3. 5 in

8. 0 in

8. 0 in

3. 5 in

7. 0 in

7. 0 in

(a)

(b)

Figure 9. Problem illustrations: (a) edge-cracked specimen under tension;
and (b) edge-cracked specimen under shear.
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Figure 10. Basic and overlaid meshes for edge-cracked specimen under uniform tension and shear.
Table I. Stress intensity factor of edge crack under tension.
Reference
solution

XS-FEM

Relative
error (%)

9.37

9.34

0.27

Mode I SIF

The initial mesh consists of the basic mesh with 1154 nodes, 2218 linear triangular elements
and the overlaid mesh. The material has the same properties as previous examples.
The crack increment of each step is determined by the Paris law for fatigue crack growth
and the direction of crack extension is computed by the maximum hoop stress criterion [21].
Figure 13 shows the ﬁnal conﬁguration of the crack path after growing 14 steps. The crack path
is successfully predicted without noticeable oscillation by the modelling technique presented in
Section 3.4. Figure 14 shows modes I and II stress intensity factors as a function of the length
of the crack. Mode I effect becomes dominant as the crack grows whereas the mode II effect
diminishes rapidly.
Copyright 䉷 2004 John Wiley & Sons, Ltd.
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Table II. Stress intensity factors of edge crack under shear.
Reference
solution

XS-FEM

Relative
error (%)

34.00
4.55

34.10
4.50

0.29
1.10

10. 0 in

Mode I SIF
Mode II SIF

α = 0°, 30°,45°, 60°
α
in

10 .0 in

4.0

10 .0 in

(a)

(b)

Figure 11. Edge crack with variation of slant angles under tension: (a) problem description;
and (b) basic and overlaid meshes.

5. CONCLUSIONS
This paper has developed a hybrid method called XS-FEM for modelling cracks, in which
the crack tip is treated by a superimposed patch (overlaid mesh) consisting of quarter point
elements and the rest of the crack is treated by the XFEM. The mesh superposition technique
(SFEM) is used to match the near-tip ﬁelds with discontinuous displacement ﬁeld of the
basic mesh. The proposed method simpliﬁes the difﬁculty in integration of near-tip ﬁelds
that matches with the step function. Furthermore, a local partition of unity does not lose the
reproducing property when the enriched elements are blended with standard ﬁnite elements, and
interpolation spaces are well deﬁned when the near-tip ﬁeld matches with enriched displacement
ﬁeld because the near-tip ﬁeld totally participates in the complete approximation avoiding linear
dependency.
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Table III. Stress intensity factors according to the variation
of slant crack angles.
Slant
angles
0◦

Mode
Mode
Mode
Mode
Mode
Mode
Mode
Mode
Mode

30◦
45◦
60◦

I
II
I
II
I
II
I
II

Reference
solutions

XS-FEM

Relative
errors (%)

7.75
—
5.54
1.72
3.66
1.79
2.10
1.48

7.73
—
5.55
1.71
3.64
1.78
2.08
1.49

0.26
—
0.18
0.58
0.55
0.56
0.95
0.68

8. 0 in

2.
5

in

16 .0 in

α =45°

7. 0 in

Figure 12. Problem description for modelling growth
of slanted edge crack in a plate under tension.

Figure 13. Final conﬁguration of slanted
edge crack after growing under tension.

The quadrature of the weak form where the integrand is discontinuous due to arbitrary
overlap of mesh was effectively dealt with by double mapping procedure. The description of
actual crack opening can be achieved by coupled approximations of XFEM and SFEM.
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80.0

Stress Intensity Factors (psi √in)

Slanted edge crack growth
Mode I SIF
Mode II SIF
60.0

40.0

20.0

0.0
2.0

3.0

4.0

5.0

6.0

7.0

Crack Length (in)

Figure 14. Modes I and II stress intensity factors as a function of the length of the crack.

The crack growth is modelled by the translation and rotation of the overlaid mesh and the
update of enriched nodes on the basic mesh. This feature makes the method attractive for crack
growth computations where otherwise burdensome remeshing would be needed. The proposed
method easily treats the changing geometry due to crack growth and can be generalized to
other problems such as those relating to beams, plates, shells and three-dimensional problems.
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