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ON THE YIELD ZONE AT THE TIP OF INTERFACE
CRACK WITH CONTACT SURFACES

V. V. Loboda¥*

Approximate plastic zone shape at the
interface crack tip is evaluated by‘
equating Mises equivalent stress with the
yield strength of materials. An exact and
asymptotic elastic solutions obtained
under the "contact zone" model are used
for equivalent stress determination.

INTRODUCTION

In composite materials interface fracture are common
and usually determine the overall strength of materials.
Phis kind of fracture is mainly initiated by the crack
which occurs between two medias. Well-known results

(see bibliography in the paper by Shih and Asaro (1))
clearing main aspects of the problem have been

obtained for elastic materials, The classical oscilla-
tory (Rice (2)) and neontact zone" (Comninou (3))
models was utilized for these investigations.

Determination of the plastic zone ghape at the
tip of interface crack were approximately obtained in
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numerical (1) and analytical (Sywicz and Parks (4))
manners, Classical model of interface crack was
applied. But less attention was paid to the plastic
zone determination under the "contact zone" model.
The purpose of the work reported here was to examine
this problem,

AN EXACT SOLUTION OF ELASTIC PROBLEM

We consider an interface crack C_&\l‘43, 4Y=0 petween two
dissimilar half-planes Y=0 ( /M1, H4 ) and Y<0O(Mz,
32 ). Remote ( X%+ Y%>00) external load Gy =6>0,065y,
6;1’ Tyy =T satisfy the continuity conditions at
the interface, We assume that the crack surfaces are
traction free for X € [C)al =L1 and are in frictionless
contact for Xe (a,6)=Lz (A< B).

Using Muskhelishvili potential and combined
Dirichlet-Riman boundary problem formulation leads to
the following exact solution of the problem (see deta-
ils in the paper by Loboda (5)):

6y~ Tey= F(R) + Y F(E)+(2-3) F'(D) (1)
6}:—/'—/26[’:(3)]“62{ for ImZ2>0

where F(Z) P(Z)Xi(z) +Q(2) Xz ()

LP(
Xi(2)=LE £9) /\/(z —0)(z2-8), X (»= e’ /\/z -C)(2-a)
V(B-0)(2-€) Myt ey
116)=22 bty B * - 0 Vi ga
and P(R)=C12+Cz, Q(2)=D2+D;", real coefficients s o
Cz , Dy , Dz are determined by the remote load.

The main stress intensity factors

fzmv 2(X-B) Lxy(x,0) can be found in the form

x—r +0
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K=~ V{B=C)yz 6 [Oc0SB-Sthp-REVI-A (cosﬁ+3smﬁ)]

where 5V=L/6L ]\=(B'a)/(6‘c) tﬁ:'zegl/’ \/E_:{\/qa_l—f

To satisfy additional conditions 6\'(1’ o)s 0O for e
Li; and U'(x,0)- UV (x0)>0 forxe Ly (signs + and ~
relate to the upper and lower half-planes) we obtain
equation f(1,§)5)=0 with respect to A which for A, £
0,01 gives the following asymptotic solution:

Ao=2/C0Sh [z—tan‘i(yi)/f’]..

6
Assuming in the formulas (1) z-b=28¢ , the
following asymptotic expressions at the gsingular points
2=6+(0 for Y>O was found:

(1+2) (04 ~¢ li)l 258725 {[(Zf i)Sll// > +S(necos ]
- [(1+3’)L’0$ ~-S(nBSth 39] (2)
I 38
(1) 0] , g =~ 75 [(meD)Sih & + S g cos 381,

PLASTIC ZONE SHAPE DETERMINATION

Por isotropic elastic solids, the Mises equivalent

stress is P ~R

= b (6x +64°) + G 6 g * 3 Ly (3)
with p=1 , (}——i for plane stress and p=Y R_yeq
q,=2\)2-2\)~1 for plane strain (Y is Poisson's ratio
of the solid). Using formulas (1) and equating 6; in
(3) with the material yield strength Oys we obtain for
Im 2>0 the following equation

0; = Oys 4)
Taking into account that in (1) parameter Z near the
right crack tip (X=B,Y=0) can be expressed in the
form Z=B+2 eie relation (4) for each & can be
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congidered as equation with respect to r.

This equation was solved numerically for various para-
meters values and approximate forms of plastic zones
were found. Alternatively, by using (2), (3), (4) an
asymptotic formula for plastic zone form was found.

The results of Cp(0)=2Cp (@)/_D determination
which show the normalized size and form of plastic
zone are shown in the figures 1-3. In this figures
2p (@) is the distance of yield boundary from the

orack T2i 1 v (8- (14480 (64 T/ [+ O]
The lower half-plane was assumed absolutely rigid and
for upper half-plane plane strain state with 991 =1.8
was assumed. The solid and dashed lines relate to the
exact and asymptotic solutions, respectively (asympto-
tic results for figures 2 and 3 are the same &s for
1), Also shown, denoted by dash-dot lines, are results
of reference (1) which were obtained with finite
elements (FE) calculations for strain-hadening (Ram~-
berg-Osgood n=3) materials and classical oscillatory
model of the crack,

It is appropriately to note that the plastic
zones related to the exact solution for the same
values of 6"/6745 and =26 are very near to the asymp-
totic plastic zone form shown in figure 1,

CONCLUSIONS

Plastic zone shape for interface crack under "contact
zone" model was found. Exect elastic and asymptotic

solutions at the crack tip was used. Obtained results
were compared with FE calculations for strain-harde-
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ning materials and classical model of the crack,
SYMBOLS USED

elastic constants of the

My, 28 Mz, €

materials
O”x, 6\97 tﬂ(’g, 6;: = components of stress tensor
and equivalent stress
6 , T = remote load
A = relative contact zone length
80(69) = normalized distance of yield boundary

from crack tip
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S — exact "contact zone"™ solution

— — — — asgymptotic results

e ——_"classical'™model FE (n=3)

Figure 1 Plastic zone
shapes for 676§5=2-Kf4

e exact “contact zone" solution

i e welassical® model FE (n=3)
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Figures 2,3 Plastic zone shapes
for (,”/5;;6-10"”(1ef*c),<5‘/6Zys=0-2
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