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Abstract-The plane contact problem for an elastic layer lying on an elastic half space is considered. A com
pressive load is applied to the layer through a frictionless rigid stamp. It is assumed that the contact between the
layer and the subspace is also frictionless and only compressive normal tractions can be transmitted through the
interface. Hence, the width of the contact area along the layer-subspace interface is finite and is unknown. The
problem is formulated in terms of a system of singular integral equations in which the unknown funclions are
the pressure between the stamp and the layer and that between the layer and the subspace. First the problem is
solved for the special case of concentrated loads. Two typical stamp geometries, namely, a flat stamp with sharp
corners and a curved stamp, are then investigated. In the case of flat stamp the system of integral equations is
homogeneous and as a consequence the width of the contact area between the layer and the subspace turns out
to be independent of the magnitude of the external load applied to the stamp. In the curved stamp problem,
however, the size of this contact region is a function of the magnitude of the external load.

1. INTRODUCTION

IN THIS paper we will reconsider the plane contact problem for an elastic layer lying on
an elastic half space. Due to its application to a variety of important structural problems,
in the past the problem has attracted considerable attention (see, for example, [1-3J for
the general description of the contact problems in elastic solids, and [4-12J for some recent
solutions regarding the problem of the elastic layer). In the great majority of the papers
published on the subject, it is assumed that both the stamp and the subspace are rigid.
However, at the expense of some increase in the analysis and in the numerical work, this
restriction can easily be removed provided the overall dimensions, particularly the local
radius of curvature, of the stamp are sufficiently large in comparison with the character
istic dimension of the contact area so that the stamp may be approximated by a half space
(see, for example, [3J and [IOJ).

Another assumption which is generally made in contact problems refers to the inter
face conditions between the layer and the subspace. It is invariably assumed that along the
interface either the displacements and the stresses, or only the normal components of the
displacements and the stresses are continuous. The former boundary conditions cor
respond to the practical problem of an elastic layer which is perfectly bonded to the sub
space. However, from the physical viewpoint the latter conditions, which also include

t This work was partially supported by the National Science Foundation under the Grant GK 11977.
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zero shear stress along the interface, are clearly unrealistic as they imply that tensile as
well as compressive tractions can be transmitted through a frictionless contact. Under
sufficiently high body forces (such as gravity) generating an additional compressive con
tact stress, the resulting normal tractions may remain compressive throughout the inter
face and hence, the second set of interface boundary conditions stated above may be
justified. However, this has to be demonstrated in each particular problem under con
sideration. In the absence of friction between the elastic layer and the subspace the interface
boundary conditions which are physically meaningful would be that of "receding contact"
[13]. According to this concept, since only compressive contact stress can be transmitted
through the frictionless interface, upon the application of the load to the stamp the width
of the contact area on the layer-subspace interface becomes finite. As the magnitude of the
stamp load is varied, this width may either remain constant or may continuously vary
depending on the profile of the stamp.

For concentrated or distributed known normal tractions applied to the free surface of
the layer the problem was considered in [14-16]. The layer is assumed to be a "plate" in
[14J and an elastic continuum in [15J and [16]. The solution given in [15J is approximate.
[16J gives an elegant treatment of the plane as well as the axisymmetric problem. In [16J,
through the application of standard techniques, the related set of dual integral equations
is reduced to a Fredholm type integral equation which turns out to be homogeneous. This
implies that conceptually the problem is of an eigenvalue type and hence, for a given
system of external loads. The contact area is independent of the magnitude of the loads.

In this paper we will consider the contact problem for an elastic layer in which the
external load is applied to the layer through a frictionless rigid stamp. It will be assumed
that the contact between the layer and the elastic subspace is frictionless and the interface
may transmit only compressive stresses. In this problem the contact stresses under the
stamp as well as on the interface are unknown. The problem is formulated in terms of a
system of singular integral equations in which the unknown functions are the contact
stresses. The formulation offers some obvious advantages, the most important ones
being (a) it is quite general and can easily be extended to the problem of mUltiple stamps,
(b) the effect of friction can be taken into account by incorporating the technique followed
in [3J into the formulation, (c) the solution directly gives the most important physical
quantities, namely the contact stresses, and (d) the type of singular integral equations
arising from the formulation and the related methods of solution have been extensively
studied.
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FIG. l. The geometry for receding contact problem.
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2. DERIVATION OF THE INTEGRAL EQUATIONS

Referring to Fig. 1, let an elastic layer 1 lying on an elastic subspace 2 be subjected to a
compressive load P through a rigid stamp 3. Let the thickness of the layer be h and the
elastic constants of the two materials be J1i' Kj, (i = 1,2) where J1i is the shear modulus
and K j = 3 -4vi for plane strain and K i = (3 - vi)/(1 + Vi) for generalized plane stress, Vi

being the Poisson's ratio. Assuming that x = °is a plane of symmetry for the stamp and
for the external loads, the displacements and the relevant stress components in the layer
and in the subspace may be expressed in terms of the following Fourier integrals (see,
e.g. [17J):

(la-d)

(2a-d)

where the unknowns Ai' (i = 1, ... ,4) and B j , (j = 1,2) are functions of ex, which are
determined from the boundary conditions at y = °and y = h.

Assuming that the contact between the stamp and the layer and that between the layer
and the subspace are frictionless, the boundary conditions may be expressed ast

(y = 0, - 00 < x < (0) (3a-c)

t Here the problem is formulated under the physical assumption that the contact between the layer and the
subspace is along a single are, Ixl < b, or, more precisely, the contact stress is zero for Ixl > b, b being an un
known. The condition that the contact stress must be compressive for Ixl < b has to be separately verified.



(7a, b)

(8a, b)
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a;y = 0, (y = O,lxl > b),

Ia
(Ixl < b),

(3d)
a)vl(x, +0)-V2(X, -O)J 0,

a;,. = 0, (y = h, CD < X < 00), (4a)

a;y = 0, (y = h,lxl > a),

Ia f (Ixl < a),
(4b)

~Vl(X, h) = (x),
ox

where f(x) is a known function which is obtained by differentiating the equation giving
the profile of the stamp. In (3d) and (4b), the continuity conditions for the displacement
are expressed in terms of derivatives for dimensional consistency in the integral equations
of the problem.t The constants a and b specifying the contact areas are unknown and are
determined from the following equilibrium 'conditions :

fa a;,.(x, h) dx -p, (5)

fb a;y(x, 0) dx -Po (6)

Conditions (3a··c) and (4a) give four algebraic equations in Ai and Bj which are used to
eliminate four unknowns. The remaining two unknown functions are obtained from the
system of dual integral equations given by the mixed conditions (3d) and (4b). Here, instead
of writing down the system of dual integral equations, we will first define the following
two unknown functions:

PI(X) = a;,.(x, h),

From (3d) and (4b), it follows that

PI(X) = 0, (Ixl > a),

P2(X) = 0, (lxl > b).

It is now clear that if (3d) and (4b) are replaced by (7a, b), substituting from (1) and (2)
into (3) and (4) and inverting, all the unknown functions Ai and Bj may be expressed in
terms of PI and P2 in the following form:

Ai(a) = mi1(a)f Pl(t) cos at dt+mda) s: P2(t) cos at dt,

Birx ) = nj(rx) s: P2(t) cos at dt, (j = 1,2),

where
K2 -1 1

n\(a) = -4-' n2(a) = -2'
~2a ~2

1- K l - 21Xh+ (K l - 1+ 2K 1rxh) e2ah

mll(a) = 41l1 1X eah(2+4rx2h2:'-e 2ah_ e2ah) ,

t For a detailed discussion see [18].

(i = 1, ... ,4),

(9a, b)

(10)
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The expressions for the remaining known functions mik(C(), which are omitted, are similar
to m 11 (C() given by (10). The functions Ai and Bj as given by (9) satisfy all the boundary
conditions in (3) and (4) except the second part of the mixed conditions (3d) and (4b).
Substituting from (9) through (1) and (2) into these latter conditions, we obtain the system
of integral equations for the unknown functions PI and P2' Thus, by using the symmetry
conditions Pi(X) = pJ - x), (i = 1,2) and after separating the singular part of the kernels,
we obtain the following system of singular integral equations.t

(Ixl < a),

(11a, b)

(Ixl < b),

where

f
ex; - 1- C(h + (1 - C(h) e- 2ah

kdx, t) = 2 -4 h 2h2 2 he-ah sin C«(t-x) dC(
o 1+e a - (2 + 4C( ) e a

1+/3
k 21 (X, t) = -2-kdx, t)

1+/3
kdx, t) = -2-k11(X, t)

/3 = (1+1(1)112-(1+1(2)111

(1 + 1(1)112 +(1 + 1(2)111

(12a-e)

Here, the bi-material constant /3 is the same as that found in [16]. However, it should
be pointed out that if f(x) is not zero, the solution will depend on III and 1(1 as well as
on /3.

The infinite integrals giving the Fredholm Kernels kij(x, t), (i j = 1,2) in (12) may easily
be evaluated by using Filon's integration formula [19]. However, if one examines the
integrands of k iJ , it may be seen that they have a double pole at C( = O. Hence, the integrals,
if treated separately, will be divergent and their evaluation requires special care. Writing
the functions kij(x, t), (i, j = 1,2) as

(13)

t The procedure used in this paper for separating the singular kernels is identical to that followed in [17].
Hence, the intermediate steps leading to the singular integral equations have been omitted.
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where e is an arbitrarily small positive constant, for example the integral equation (IIa)
may be expressed in the following form:

(Ixl < a). (14)

It is not difficult to show that the integrals evaluated in the range e S a ~ 00 in (13) and
(14) are uniformly convergent and will not cause any trouble. On the other hand, for small
values of a, h ll and h12 may be expressed as

6h(t - x)aZ -12hZ(t - x)a3 + [14h 3(t - x) - h(t - x)3Ja4+0(a5
)

h4 r:x 4
- 2h 5r:x 5 +0(r:x6 )

(15a, b)
6h(t - x)aZ

- 12hZ(t - x)a 3 + [14h 3(t - x) - h(t - X)3Jr:x4+0(cx 5 )

h4 r:x 4
- 2h 5 r:x 5 +O(a6

)

Clearly, at a = 0 hij has a pole of order 2, which leads to divergent kernels. However, in
the integral equation if we consider the terms involving the integrals around r:x 0 to
gether, using (IS), (14) becomes

(-a < x < a), (16)

where the terms 0(1) contain the variables x and t. Thus, from (16) it is seen that since

fa Pl(t)t dt = 0, fv pz(t)t dt = 0,

fa Pl(t) dt = fv pz(t) dt,

(17)

considered together, the coefficients of the divergent integrals in (15) will be zero. Hence,
basically kij (i, j = 1,2) may be treated as Fredholm kernels.

In practice it is not necessary to split the range of integration (0, (0) into (0, e) and
(e, (0) in evaluating the Fredholm kernels. From (15--17) it is seen that around ex 0 the
first terms in the numerators and the denominators of hij which will contribute to the
kernels kij are those containing a4

, and because of (17) a2 and a3 terms in the numerators
will have no contribution. This amounts to saying that one can evaluate the kernels kij
from the integrals given in (12) by simply assuming that the value of the integrand hij ,

(i, j = 1,2) at r:x 0 is equal to the ratio of the fourth derivative of its numerator to the
fourth derivative of its denominator evaluated at r:x 0, which is finite.
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3. A SPECIAL CASE: CONCENTRATED LOADS
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First consider the simple case of two concentrated loads applied to the layer at y = h,
x = =+= to' This may be considered as the special case in which the stamp degenerates into
two disconnected knife edges. Here PI(t) is known and is given by

(18)

where P is the concentrated load per unit length in z-direction. The unknown contact
stress pix) between the layer and the subspace must again satisfy (lIb) which, using (18),
may be written as

fbP2(t) dt fb--+ kzz{x,t)p2(t)dt = P[k21(X,to)+k21(x, -to)],
-b t-x -b

(Ixl < b). (19)

(21)

(23)

(Ir! < 1), (22)

In (19) the contact width 2b is unknown which is determined from the following equilibrium
condition:

fb P2(X) dx = - 2P. (20)

Dividing both sides by P and referring to [20], from (19) and (20) it is immediately seen
that the unknown function P2/P and the constant b can uniquely be determined from the
solution of the singular integral equations. It then follows that the constant b will depend
on the location to of the load but will be independent of its magnitude P. From (19) it is
also seen that if P is replaced by distributed loads, b again will be independent of the
magnitude of the load which is a multiplicative constant in the expression of the external
loads. This is the same conclusion arrived at in [14-16].

To solve (19), it is convenient to define the following dimensionless variables and
function:

r = x/b, s = t/b, A = Cf.b, H = h/b

So = to/b, cp(r) = P2(rb)/P.

With (21), (19) and (20) may be written as

f
l o/(s) fl
-I s-r ds+ -1 K 22(H,r,s)0/(s)ds = K 21 (H,r,so)+K 21 (H,r, -So),

bf 1 o/(S) ds = - 2,

where Kij(H, r, s) is obtained from kij by simply replacing h, x, t by H, r, s, respectively.
For a given set of constants to and h even though (22) and (23) has a unique solution, it
can only be determined by some kind of interpolation. A simple procedure to evaluate b
and cp(r) would be the following: For a given So to/b solve (22) and compute

<1>(b) = bf 1 cp(s) ds (24)

for various values of H = h/b. The correct value of b is that satisfying <1>(b) = 2, which
can be obtained by interpolation to any desired degree of accuracy. The integral equation
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-+Ib)

2.03

FIG. 2. The variation of </JIb) with bill for various values of to, (/1 = 1·0).

is solved by using the technique described in [21J. Figure 2 shows some sample results
giving <D(b) as a function of blh for various values of tolb and fJ = 1.

Figures 3-5 show the calculated results for the concentrated loads. Figure 3 shows the
contact width b as a function of f3 for -1 < fJ < 1 corresponding to OCJ > (/-11//-12) > O. It
is seen that as (/-1 d/-12) --> OCJ b --> x. Figure 4 shows the distribution of the contact stress
P2 for to = 0 and for various values of fJ. Figure 5 shows the function P2 for various values
of to calculated from fJ = 1 which corresponds to the case of a rigid subspace. At approx
imately tolh = 1·2 it is seen that the contact stress at x = 0 becomes zero. Therefore for
tolh > 1·2 there will be two contact areas along b2 < x < - b I and b I < X < b2 • In
this case since the general solution (1) and (2) is given for x > 0, it is possible (and prefer
able) to express the integral equation for x > 0 and t > O. Thus the singular integral
equation again involves a single arc b 1 < X < b2 and its solution may be obtained by
using the technique described in [21]. In this double contact problem the two conditions

jlh

6 p p

~
5 h 1

2b ---< 2

3

2 t;,/h=1.O

<> t/h=O.5
<>

'" t/h=O<>

0
- to -0.5 0 0.5 to l3

FIG. 3. The variation of the contact width with {j. The circles correspond to the result given in [22].
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2 3 x/h

FIG. 4. The distribution of contact stress for various values of fl, (t0 0).

giving the constants b l , and bz are

rb2

pz(x) dx = - P (25)
Jb1

and, noting that the index is - 1, the consistency condition of the integral equation.

4. SOLUTION FOR A FLAT STAMP

Let the layer be loaded by a rigid stamp with a flat profile (see the insert in Fig. 6). The
system of integral equations (11) must now be solved under

f(x) = 0, fa PI(t)dt = -P, fb pz(t)dt = P. (26a-c)

Dividing both sides of (1Ia, b) and (26b, c) by P, we obtain a system of homogeneous
singular integral equations for the unknown functions PI/P and pz/P which must be

1.0

0.8
r--_--'"

0.6

0.4

02

0.5 1.0 1.5 2.0 x/h

FIG. 5. The distribution of contact stress for various values of to/h. (fl 1·0).
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a/l1;a {point loadI

b/h
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a/h=2

05 1.0 13

FIG. 6. The variation of contact width with fJ for loading by a flat stamp.

solved under a set of nonhomogeneous conditions (26b, c). At the end points x = =Fa the
function PI has integrable singularities, whereas at x = =Fb, P2 is bounded (and is zero).
Thus the index of (1Ia) is +1 and its general solution will contain an arbitrary constant
(see [20]). (26b) is the additional condition which accounts for this constant. On the other
hand the index of (11b) is - 1, which also contains the unknown constant b. Theoretically,
(26c) is the condition which accounts for this constant. It is then clear that (11) and (26)
will provide a unique solution for the unknowns PI(X)/P, P2(X)/P, and b. This means that
in this problem too the width of the contact area b will be independent of the magnitude
of the external load P.

To solve the integral equations (11) we again define a set of dimensionless variables
and functions. Note that (lla) and (l1b) are the displacement continuity relations at
y = hand y = 0, respectively. Hence, by designating the variables (x, t) on y = hand
y = 0 by (Xl' t 1) and (X 2 , ( 2 ), respectively we may now define

SI = ttla,

r 2 = x 2/b,

A a.b,

S2 t2/b,

H = h/b

(27)

Substituting from (27), the integral equations (11) and the equilibrium conditions (26b, c)
may be expressed as

I t ffl.(S) II 2_'1"_,_' ds.+
- 1 Sj r; I -1

0, (i = 1,2, Ir;1 < 1), (28a, b)

(29a, b)
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where the kernels Mij are given by

M II(r l , SI) = ~ {OO FII(AH) sin[~A(SI -r l)] dA,

Mdrl,r2) = {OO FdAH)Sin[A(S2-~rl)] dA,

M 21(r2,sl) = ~{OO F21(AH)Sin[A(~SI-r2)] dA,

M dr2, S2) = {OO FdAH) sin[A(s2 - r2)] dA;

. 1+2AH+2A2H 2-e- 2AH

FII(AH) = 2 e-
2AH

1+e 4AH -(2+4A2H 2) e lAH'

-AH -1-AH+(1-AH)e.- 2AH

FdAH) = 2 e 1+e 4AH -(2+4A2H2) e lAH'

1+f3
F21(AH) = -2-FdAH),

1+f3
FdAH) = -2-FII(AH).

931

(30a-h)

Since variables ri and Sj all have the same range (-1, 1), in the subsequent analysis it is
not necessary to keep the indexes (i, j = 1,2) in (28-30).

The fundamental functions of the singular integral equations (28a) and (28b), re
spectively, are (see [20])

(31a,b)

Thus, noting that WI and W2 are, respectively, the weight functions of the Chebyshev
polynomials Tn(s) and Un(s) and taking into account the symmetry properties({J; (s) = ({Ji( - s),
(i = 1,2), the solution of (28) may be expressed as

00

qJ I(S) = WI(S) I AJ2n(s),
o

00

qJ2(S) = W 2(S) I BnU2n(S),
o

(32a, b)

(33)

The unknown constants An and Bn are obtained (in terms of b) by substituting from (32)
into (28a, b) and (29a) and by using the method described in [21]. To determine b we
again define

<I>(b) = bf I qJ2(S) ds.

From (29b) it is seen that for the correct value of b we have <I>(b) = -1. Thus the correct
value of b (as well as that of qJ I and ((J2) may be obtained by solving the integral equations
for various values of b and interpolating in <I>(b) vs. b plane (see, e.g., Fig. 2).

Figures 6 and 7 show some calculated results. Figure 6 shows the variation of the
half width of the contact area between the layer and the half space as a function of the
bielastic constant f3 which is given by (12e). The results are given for a/h = 4, 2 and 0
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hp/P

0.6

0.5

0.4

0.3'

0.2 J:..:..::.-.......:.::::::::

0\

2 3 5

- £..=20h .

--- ;= 40

6 7 8 x/h

FIG. 7. The pressure distribution between the layer and the half space for various values of f3 and for
loading by a flat stamp.

where a is the half width of the stamp, h is the layer thickness and the last case, i.e., a 0
corresponds to the concentrated load which was discussed in the previous section. It is
again seen that as J.l.2/J.l.l -> 0, i.e. as f3 -> -1, b -> 00.

The distribution of the contact pressure between the layer and the subspace is shown
in Fig. 7. Here the two sets of curves plotted for various values of f3 again correspond to
a/h = 2 and a/h = 4. Note that the contact pressure has peaks in the neighborhood of
the stamp ends x = += a.

5. SOLUTION FOR A CURVED STAMP

Consider now the problem for a symmetric curved rigid stamp with a local radius of
curvature R (see the insert in Fig. 8). In this case the contact width 2a at y = h as well as
the contact width 2b at y = 0 is unknown, and the input function ovI(x, h)/ox is given byt

f(x) = x/R, (lxl < a). (34)

The unknown functions PI and P2 are bounded at the end points x = +=a and x +=b,
respectively. Hence, the index for both singular integral equations (11a) and (lib) is 1,
and consequently the solution of the nonhomogeneous system (11) does not involve any
arbitrary constants [20]. The unknown constants a and b can then be determined from the
equilibrium conditions (26b, c). It is now clear that in this problem the contact width 2b
between the layer and the subspace will not be independent of the magnitude of the external
load P

To solve the problem, in addition to the dimensionless variables defined by (27), we
define the following functions:

(35a, b)

t Within the confines of other assumptions inherent in the linear theory of elasticity, the solution given in
this section is valid for any value of ajR if the profile of the stamp is a parabola given by y = x2 j2R + constant.
Otherwise it is assumed that the depth of penetration and the contact width are "small" compared to the local
radius of curvature R.
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b/h

2.0

2

1.0

~=0.4

~=O.l

0
-1.0 -0.5 0 US to 13

FIG. 8. The variation of the layer-subspace contact width with fJ for loading by a curved stamp, (R = h).
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The integral equations (11) and the equilibrium conditions (26b, c) may then be expressed
as

I

I l/Ji(S) II Z
- ds + LMij(r, s)l/Jis)ds = gJr),

_Is- r -II
(Irl < 1, i = 1,2),

(36a-c)

(37a, b)

4n,u, r
gl(r) = I+K , Ria' gz(r) = 0,

a f,l/JI(S)dS = -P, b fyz(S)dS = -P,

where the subscripts in the variables rand S are dropped, and the Fredholm kernels Mij
are those defined by (30). The fundamental function for both integral equations given by
(36) is

w(r) = (1- r Z)1.

Thus the solution of (36) may be expressed as

w

l/Ji(r) = (1-rZ)1 L AinUZn(r),
n=O

(i = 1,2),

(38)

(39)

where the unknown coefficients A in are again determined by using the technique described
in [21]. In the problem the constants K I , ,Ill' /3, h, Rand P are given and a, b, l/JI(r) and
l/J z(r) are unknown. However, in practice the problem is again solved in an inverse manner;
namely, it is assumed that instead of the load P, the contact width 2a is specified, and
ignoring the condition (37b), the integral equations (36a) are solved for various values of
b. Then computing the quantity

F(b) = bf, l/Jz(s)ds-a f, l/J,(s)ds, (40)

the correct value of b corresponding to the specified value of a is obtained by interpolation
in such a way that F(b) = O. After determining b, the load P is obtained from (37).

Figures 8-11 show some of the numerical results. In all the numerical examples con
sidered in this section it was assumed that R = h. The variation of the half-contact width,
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2.5

2.0

1.5

2. =04R .

J'? =0.2

2. =01R .

-1.0 -0.5 0.0 0.5 to p

FIG. 9. The variation of P with f3 for various aiR ratios, (R = h).

b on the layer-subspace interface as a function of the bielastic constant p is shown in
Fig. 8 for two (relatively speaking, widely different) values of aiR = 0·4 and aiR 0·1.
The results obtained for aiR = 0·2 (which are not shown in the figures) were hardly dis
tinguishable from that corresponding to aiR = 0·1. The figure shows that for R h the
contact width 2b is not appreciably affected by the ratio aiR. However, it should be noted
that P varies as p is varied for a fixed value of aiR, and as aiR is varied for a fixed value
of p. This may be seen from Fig. 9 where, for various values of aiR, the variation of P is
shown as a function of p. From Figs. 8 and 9 it may then be concluded that in the case
of a curved stamp for given dimensions hand R and a given material constant p, unlike
the results found in the two previous sections, the contact width 2b is a function of the
magnitude of the external load P.

Figures 10 and 11 show the distribution of the contact stress between the layer and
the subspace for aiR = 0·1 and aiR = 004, respectively. The values of P corresponding to
various values of p used in these figures are different and may be obtained from Fig. 9.

2.0

1.0

0.5 to 15 x/R

FIG. 10. The distribution of the contact stress between the layer and the subspace, (aiR = 0·1, h R).
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FIG. 11. The distribution of the contact stress between the layer and the subspace, (a/R = 0·4, h = R).

Perhaps a somewhat unexpected feature of the pressure distributions shown in these
figures is that their peak generally is not at x = O.

6. DISCUSSION AND CONCLUDING REMARKS

The result for the concentrated load, i.e. to = 0, shown in Fig. 3 is indistinguishable
from that given in [16], where an entirely different method was used to solve the contact
problem. Comparison of the Figs. 3 and 8 indicates that the result for the curved stamp
with (aiR) = 0·1, and R = h is very nearly the same as that of the concentrated load. This
may also be seen from Fig. 9 where for (aiR) = 0·1 the resultant load P is nearly inde
pendent of fl.

The concentrated load result for the problem under consideration using the classical
plate (or beam) theoryt was recently given in [22], where the following expression for the
contact width was obtained:

b (1- fl) th = 0·737 1+ fl (41)

The values obtained from (41) are shown in Fig. 3 as small circles. The agreement appears
to be rather poor. The discrepancy may be due to the highly approximate nature of the
theory as well as the method of solution of the related integral equation employed in [22].

By using the technique described in this paper, the problems of a nonsymmetric stamp
and multiple stamps may be treated without too much difficulty. In principle all these
problems may be reduced to a system of singular integral equations defined on a set of
nonintersecting arcs the theory of which has been extensively studied [20].

Since the symmetric problem for a flat stamp with sharp corners discussed in Section 4
is the only contact problem for which the resulting system of singular integral equations

t The equations used in [22J for the half-space are that of plane strain and are appropriate for the plate prob
lem. However, for the beam problem the plane stress modification of these equations would have been physically
more meaningful.
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is homogeneous, only for this case the width of the contact area between the layer and the
subspace will be independent of the magnitude of the compressive load applied to the
stamp. For all other stamp geometries including those for which the stamp width 2a is
constant, the contact width on the layer-subspace interface will be dependent on the
magnitude of the applied load.
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A6CTpaKT-06cY)l(,LIaerCli rrJlOCKali KOHTaKTHali 3a,LIa'la ,LIJllI ynpyroro CJlOlI, Jle)l(awero Ha yrrpyroM rrOJlyrr
pocTpaHcTBe. C)I(HMaeMali Harpy3Ka npHJlO)l(eHa K CJlOIO nOCpe,LICTBOM )I(eCTKoro WTaMna, 6e3 y'leTa
TpeHHlI. nOlIpa3YMeBaeTclI, 'ITO HeT TpeHHlI B KOHyaKTe CJlOli c nOlInpocTpaHcTBoM H TOJlbKO C)l(HMaeMble
HOpMaJlbHble TlirOBbIe YCHJlHlI MoryT rrepelIaBaTbcli CKB03b nOBepXHocTb pa3,L1eJla. CJle,LIOBaTeJlbHO, llJHpHHa
06JlaCTH conpHKoclIOBeHHlI no nOBepXlIocTH Me)l(,LIy CJlOeM H nOlInpocTpaHcTBOM KOHe'lHa H HeH3BeCTHa.
$OPMYJlHpyeTcli 3a,LIa'la B BHlIe CHCTeMbI cHHryJllIpHbIX HIITerpaJlbHblH ypaBHeHHH, lIeH3BeCTHbie QJYHKUHH
KOTOpbIX lIBJllIlOTCli lIaBJleHHeM MelKlIY WTaMnOM HCJloeM H Me)l(,LIy CJlOeM HnO,LInpOCTpaHCTBOM. BrrepBble,
pewaeTCli 3alIa'la lIJllI ,LIByX CneUHaJlbHblX CJly'laeB cocpelIOTO'leHHOH Harpy3KH. l1cCJlelIYIOTClI, 3aTeM, ,LIBa
Hma reOMeTpHH WTaMrra, HMeHHo I1JlOCKHH WTaMrr C OCTpbIMH yrJlaMH H HCKpHBJleHHbIH WTaMrr. ,LlJllI
CJlY'lali nJlOCKorO WTaMrra CHCTeMa HHTerpaJlbHbIX ypaBHeHHH OlIHOpO,LIHa. BCJle,LICTBHe :noro, llJHpHHa
KOHTaKTa Me)l(lIY CJlOeM H rrO,LInpOCTpaHCTBOM He 3aBHCHT OT BeJlH'IHHbI BHeWHeH Harpy3KH, rrpHJlO)l(eHHOH
K wTaMrry. OlIHaKO, ,LIJllI 3alIa'lU HCKpHBJleHHOrO WTaMna pa3Mep 06JlaCTH paHOHa KOHTaKTa lIBJllIeTCli
QJYHKUHeH Bemf'lHHbI BHeWHeH Harpy3KH.


