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ABSTRACT

In this paper the contact problem for two bonded dissimilar homogeneous elastic sirips is
considered. Two sivips are assumed o be perfectly bonded through a finite lengih. The lower
strip is assumed to have two symmetric cracks perpendicular io the interface and subject 1o
uniform tensile stresses far from the contact zone. The problem is formulated by using iniegral
ransform techniques and swess intensity factors for different geometries and material
combinations are calculaied.

[ INTRODUCTION

The problem of great importance is that of the bonding of materials with different elastic
properiies to one another, thereby forming a joint. The history of this kind of problems began
with the work by Williams [1] and was developed by several researchers (e. g. [2, 3]). The
problem of a line bond between two layers has been considered by Keer [4], but numerical
results are given there only for the case of identical layers. Recently Yah¥ and Ggmen [5] have
considered a finite contact problem for two perfecily bonded dissimilar infinite strips.

In this study elastic continuuny, isotropic, infinite sirips of different material properties are
considered. Two sirips are perfectly bonded to each other through a finite length and the lower
strip which contains two symmetric cracks as shown in Fig, 1 is acted on by forces far from the
interface.

To solve the problem, the stress and displacement fields of an elastic infinite strip are obtained
from the plane elasticity equations for an isotropic material by using Fourier iransform
iechniques and the soluiion for a pair of point dislocations in infinite media is added to the lower
strip solution. Finally by using the appropriate boundary conditions the problem is reduced to a
systemn of two singular integral equations which are then solved numerically.

2. FORMULATION OF THE PROBLERM

The problem to be considered in this paper is illusirated in Fig. 1
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Figure 1. Geometry of Perfecily Bonded Infinite Strips

Swips 1 and 2 are assumed to have the respective elastic constants 1y, x; and [y, i,
where . = 3 -4, for plane sirain and = (3- wj)u f(1+ Y ) for generalized plane siress, v
=1, 2ﬁ being the Poisson's ratic. The boundary and continuity conditions for this probleni
can be staied a5 follows:
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T, -hy, y}=@'xy(-h1, =0, -0 L Y< oo, {la, b)
m

Sex @ y3=0,, (0, ) =Gy}, -os Ly < oo, (2a, b)
W @ . . 1

Ty (0, v)= Gy, Ty O, y) =G4 -PS(y-H+PE(y+ 1), o0 < §< oo, (3a, b)
(2) (2) \

Tex (N2 ¥)=0, 0, (hy v} =QB(y-D+QB(y +1) , -ee<y < oo, (4a, b)
(n (2)

ot g, ari 0,
i Y)= ( y), eslyl<f, i=1,2, 1y=u, 1,=% (52, b)

dy dy
ij(xira)=0; J=%,¥; c<x<d (64, b)

where superscripts (1) and (2) refer to the upper and lower layers, respeciively, while
Giyw=0, (=1,2), lyl<e or Iyl>f (7

Using the expressions given in [6] for an infinite plane for a pair of point dislocations with
densities f; and I, located at the point ( xg, vy ) and defined by

3
af[r,“)(x@ 0 -1 (kg 0] = £, (xg) § (% - %9, i=1,2, 1=v, 1,=u (8a, b)
X

and standard Fourier transforms, the displacement and stress fields for the upper and lower
strips can easily be obtained as given in [6].



Instead of dislocations if the lower strip containg cracks along ¢ <x <d, yg= a=consiant as
shown in Figure 1 under a given set of surface tractions as stated in the equations (6a, b),
by integrating the solution found for dislocations one would obtain the solution for the cracks,

By using the stress and displacement equations for the lower and upper sirips given in [6] and
the boundary conditions (1-4) and equations (7) and (8a, b) all the unknowns of the problem can
be expressed in terms of fi(x), Gy(y), (=1, 2). Thus ihe complete solution of the problem is
obtained once the unknown functions fj, f;, Gy, and G,, are deiermined. Finally,by substituting
the siress and displacement expressions obtained in terms of £;(x), Gi(y), (i = 1, 2), inio the
continuity conditions (5a, b) and the crack surface boundary conditions (6a, b) one would obtain
the system of four singular integral equations given in [6] to deiermine the functions fi{x) and
Gy(y}, G =1, 2).

By extending the cracks to the upper and lower boundaries of the lower sirip
fiie. ¢ =0, d=hy)and increasing the value of "I" the problem can be reduced to 2 lap joini
under the effect of uniform stresses. For this case by introducing the following substitutions.

x=05h,(1+1), 1 <g<H, (92)
ty=0.5h, (1 + p), d<p<l, (3b)
t;=05@+e) +0.5(0- o, 1<k, (%)
y=05C+e)+05F-em, -1 <n<i, (9d)
¢ B) =GCo8) +iG1(B), W (0 =1,(1) +ify(D), i=71, (10a, b)

these singular integral equations are reduced into the following form:
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S TR0+ f @K 60+ v @K, do
1 —
P ORsE IO Do, T, (i)

where the expressions of kernels Kij (i=1,2, j=8, 1,2, 3, 4) and known functions h;(1)
and h, (1) are given in [6].

3. NUMERICAL RESULTS AND DISCUSSION

The singular integral equations (11a, b) can be solved with the conditions

o 1 4
wE=0, ¢(§)d§:2pff8 (122, b, ¢)
71
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by using the methed given in [6] where the solution to equations (11a, b) are approximated by

o =Fm (- 1@+, ywo =R -2+ (132, b)
1 . 1 . 1 1 1+y

here o, == - i, =-=+iW, G,=p,=-=, w=-—log( ) (14a,d)
w 1775 By 5 2= By 7 e & 1y

and the unknown functions F(1) and R(t) are approximated by a series expansion of orthogonal
polynomials with unknown coefficients,

By using the following definition of stress intensity factor

Ky () -Tky ©) = tim (-0 “1E - 07 (G -1G,) (13)

i—e

and equation {13 a) the normalized stress intensily faciors can be obtained as follows:

]

o

i F(D o i F(+D
ky@-iky(@=5 Pk kO -ik, (=5 EIOEY)

{16a, b)

Figures 2-5 give the stress intensity faciors versus e/h; ratio for different combinaiions of
Aluminium and Steel. From these figures one can see that the normal waction near the bond
edges could alsc be tensile or compressive for certain combinations of hy/h, and (f- €)/ h,.

It can be found that at y =¢, first mede siress intensity factor increases with the increase in
e/hy ratic. On the other hand, at y =f end, first mode siress intensity factor decreases with
the Increase in e/ hy ratio. It is also found thai the material dependence of k, is much more
stronger than k.
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Figure 2. First Mode Siress Intensity Factor Ratios at the Coniaci End (y=e¢) of
Perfecily Bonded Infinite Symraetric Strips.
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Figure 3. First Mode Siress Intensity Factor Ratios at the Contact End (y=1) of
Perfectly Bonded Infinite Symmeiric Strips.
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Figure 4. Second Mode Stress Intensity Factor Ratios at the Coniact End (y=¢) of
Perfectly Bonded Infinite Symmetric Strips.
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Figure 5. Second Mode Stress Intensity Facior Ratios at the Contact End (y=f) of
Perfectly Bonded Infinite Symumetric Strips.
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