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INTRODUCTION

The J integral {i1] has been successfully adopted as ap elastic~-
plasg . . ¢
prastic fractyre ¢riterion in fracture mechanics [2,3]. Some numerical
or e 1 2 3 3
Xperimental estimation procedures of the value of the J integral has

b 4 .
“en developed for its effective use [4,5,6,7,8]. 1n these works, the J

integra s i g ;
gral has in wmoge cases applied only to the case of the firstmode crack.

However, ¢racks in actual Structures are very often subjected to the condi-
tions of combined tensile and shear loading. For the case of the mixed mode
crack, it ig Becessary to discuss how the fracture behavior of the crack,
such as the initiacion condition of a3 stable erack, is influenced by each
deformation of mode ¥ and 771, Then, if we use the concept of the Jintegral
to discuss the bebavior of the wized mode crack, it would be required to
separate the 3y integral of the mixed méde crack into £wo components of mode
I and wode 11

On the other band, in the previous paper {9] an analytical method to
estimate Separately JI related to mode I deformation and J?I related to
mode IY deformation Erom the J integral of = mixedmadecrack“was presented.
Moreover, it yas proved that both these J, and Jyy are path independent
integrals, and that J = JT + JIE‘ )

In this paper, the separation wethod of J integral to J and J
w?ll be briefly introduced, andas an examle of applications of th; WEthﬁif
flnite element analyses of stresg intensity factors of mixed wmode cracks
o% means  of these Ji and JIX will be presented, Since the dntegration
St J dintegral may be done for any path far from a crack tip, the J integral
“an serve as a usefui teol for estimating stress intensity factors by finite

2lement is wami
ment method, 7o examine the sccuracy and applicability of the present
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wethod, two types of vectangular cracked plates are analysed by the finite

liment method.

ANALYTICAL PROCEDUREIQF SEPARATION OF J INTEGRAL TO JI AND JII

The J integral of a mixed mode erack can be separated into two path
independent components, Jwa mode I and Jﬂ:0£ mode IF, for the integration
sath in the linear elastic deformation field outside the plastic or non-

tinear elastic region near the tip of a crack [9]. The relationship
botween J and JM (M=I1,1I) is given by

T=J Ty . {1

3 = J - v y 3 3 =

Ty fr[\thxz T"(3u"/9x, ) ds] (M=71, 11) (2)

1
ij5?
components of mode M (M = T or IT ) of stress, strain, displacement and

whare WM is the strain energy density function, and o g?j’ gﬁ andfMére
fvaction vector, regspectively.
Bach component of mode I or II of stress Oij et al. can be obtained
P fnllows;: Because of the symmetricity and skew-symmetricity of crack
ciormations of mode I and IT with respect to the Xl axis, shown in Fig.l1,
o, . and displacement o .at 2 point of coordinates {Xl,Xz) can be
vparated ds )
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sere {3 denotes the values of stress and displacement at the point P’
saiois a symmetric point of the point P with respect to Xl axis. Strain
I . : - ; § o
cmponents, e, and af{, may be obtained from the strain~displacement
i & e . 2X 21X I 11
feiationship, traction vector components, T  and T°°, from Uij and Gij’
¢ given integration path.

Ou the other hand, for the case of the linear elastic material, JI

H

“td. . ave related to stress intensity factors, K_ and sz, respectively,
EIR 4 4

0
o




KI = (SGJI/(l+n)§/? KII = (8GJII/(1+n)%/2 €5)
where G is the modulus of shearing elasticity, and n= (3-v)/(1+v) for plane
stress and n=3-4y for plain strain, v is Poisson’s ratio. Therefore,
using Eq.(7), stress intensity factors, KI and KII’ of mixed mode cracks
may be obtained from jI and JII of Egq.{(2) which are given by the substitu-
tion of G54 and ﬁb{of Bgs. {(4) énd (6) and s%, and %M obtained from those
into EBq.(2). B

FINITE ELEMENT ANALYSIS OF KI AND KII GF MIXED MODE CRACKS

To examine the accuracy and applicability of the J integral method
for estimating the values of stress intensity factors, KI and X.__, of mixed
mode cracks, two types of rectangular plates with edge~tyPEXLbent cracks
and an internal slant crack shown in Figs. 2 and 6 are analysed by the
finite element method. The former is analysed by the finite element method
of standard triangular elements. An example of the finite element mesh
is shown in Fig. 3. Because of the symmetry of the problem, a guarter
region is analysed. Numerical results are shown in Figs. 4 and 5. In
these figures, FI and FII are non~dimensional stress intensity factors and
the reference values are given by Higuchi et al.[10] who analysed the same
problem by the finite element method using the substructure model, These
figures show that if we take the numbers of element greater than about two
hundred, we can get fairly accurate solutions, comparing with the results
by Higuchi et al.[10]. However, since the solutions by Higuchi et al. are
also obtained by the finite element method, we cannot explicitely discuss
their errors.

Second example shown in Fig. 6 is analysed by the finite element
method of standard eight-noded isoparametric elements, while for the crack
tip region distorted isoparametric elements are used. Fig. 7 shows the
finite element mesh, and numerical results ave given in Fig. 8. This figure
shows the path independence of J integral. It is found from Figs. S5and 8
that the path independence of J.

I
™ B R .
The average values of %X and FTI for 26 paths of the integration in Fig. 7

(FZ} aﬁa JII (?II) are numerically proved.

are 0.8401 and 0.4439 respectively. This problem is also solved by the
¢ollocation method [31]. Comparing with the results of the collocation

method 2 25¢ - "5 a i
»  the present results are accurately obtained with errors less than

@D
(@]

It is concluded from the above-menticned results that an accurate

finite element analysis of stress intensity factors of mixed mode cracks

can easily be done by the present method.
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