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Abstract—The instability of a rectangular solid loaded in plane strain by constant axial and transverse pressures is
investigated using a variational method. Axial pressures are applied through rigid platens, and lateral pressures
can be either hydrostatic or constant-directional. Two types of slightly compressible rubberlike material are
studied in the problem, both of which reduce to Rivlin’s neo-Hookean material in the incompressible case.
Previous studies using a *‘standard’ material and the neo-Hookean material have yielded qualitatively different
results.

It is found that the “standard” material is unsuitable for studies of such finite strain problems and that the
behaviour of the compressible materials studied tends smoothly towards that of the corresponding incompressible
material as Poisson’s ratio approaches one half.

1. INTRODUCTION

THE instability of a rectangular solid in plane strain, loaded axially by a constant pressure
p and laterally by a constant pressure g was studied by Kerr and Tang [1-3], using con-
stitutive relations derived from the “standard” strain energy density of John [4]. They found,
considering the effect of two different types of side-pressure, that a hydrostatic pressure
effectively stabilized the equilibrium of the solid, while a constant-directional pressure
destabilized it. Wu and Widera [5] pointed out that the “‘standard” strain energy density
does not give a good description of the behaviour of real materials other than in situations
of infinitesimal strain and that the problem considered necessarily involves large strains.
They therefore re-studied the problem using the Mooney—Rivlin constitutive relation for
incompressible rubberlike materials, a special case of which is what Rivlin [6] calls the
neo-Hookean constitutive relation. Wu and Widera’s studies made use of the general
nonlinear tensorial treatment given by Green and Zerna [7]. Their conclusions were that
contrary to the findings of [1-3] both hydrostatic and constant-directional pressures
stabilized the solid. They concluded also that the stabilizing effect of constant-directional
side-pressure was greater for thinner solids, while that due to hydrostatic side-pressure was
independent of the shape of the solid. Both asymmetric (flexural) and symmetric (bulging)
instability were considered, and the same conclusions were found to be applicable in each
case.

The present authors were moved by the qualitatively different nature of the results of
[1-3] and of [5] to investigate whether these differences were caused by the precise natures of
the constitutive relations used, or by the constraint of incompressibility in [5]. In the course
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134 I. W, BURGESS and M. LEVINSON

of the work it was discovered, and pointed out [8], that Wu and Widera’s transcendental
equations for the stability bounds contained a trivial numerical error which had been
carried over into the graphical presentation of their results, qualitatively affecting their
conclusions in a non-trivial manner (as will be shown later in this paper).

In the present paper the problem is re-studied using two relatively simple constitutive
relations for slightly compressible rubberlike materials examined in [9], both of which
reduce to the neo-Hookean material in the incompressible limit. These constitutive
relations most closely represent realistic material behaviour when Poisson’s ratio is close
to 0-5 as is shown in some detail in [9). Consequently, the ideal materials described by such
relations will be called slightly compressible materials. These are the Blatz—Ko [10]
material and a material with a simpler constitutive relation, called the compressible
polynomial material, which was introduced in [9]. The analysis is carried out using a
variational approach developed [11] from the earlier work of Hill [12] and Pearson [13]
on the stability of a state of finite strain of a hyperelastic continuum. The materials con-
sidered are defined in terms of the J invariants of deformation used by Blatz and Ko.
These are related to the usual I invariants by the relations

Jy = (,)%, ()

where
I, = A +A5+43,
I, = 2313 +303+A302, o)
Iy = AjA343,
and A, 4,, 4 are the principal extension ratios.
The second invariant J, does not appear in the specific constitutive relations used.
The two compressible materials chosen tend to act as foils for one another since they have

qualitatively different behaviour, the Blatz—Ko material tending to soften in tension and
harden in compression, and the polynomial material having the opposite tendencies.

2. EQUATIONS OF NEUTRAL EQUILIBRIUM

This section contains a re-statement of some of the results of [11] in a form more suitable
for the present investigation. The system considered is a hyperelastic body of arbitrary
shape. The body is initially unloaded (state 1), and the rectangular coordinates of a particle
P in the body are (a,, a5, a;). The body is loaded by surface tractions alone and deforms
to an equilibrium state I1, when the deformed coordinates of P are (x,, X,, x3). The surface
tractions are assumed to be conservative and non-discrete. The stress components of the
applied surface tractions are denoted by P;;, these being the boundary values of the internal
stress components 7;;. The (finite) components of the displacement of the particle P are
given by

UV = Xi— 4y, (3)

and the Lagrangian strain tensor is

1f dv; Ov; v, Ov,
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In state II the stress components at the point occupied by P are denoted as t;;, the “true”
stress, the strain energy of deformation is U per unit mass and the density of the body is p
(cf. pg in state I).

To investigate equilibrium and stability in state II infinitesimal increments u; are
superimposed upon the finite displacement components ;. It is to be noted that in the
special case of an incompressible material the u; must satisfy the linear incompressibility
condition.

The vanishing of the first variation of the total potential energy under these perturba-
tions u; gives the constitutive equations in state II. For the sake of completeness these
equations are written so as to include the limiting case of incompressibility.

oU | 0x; Ox;
o= ol —— Lo | D, .

where ¢ is a Lagrange multiplier which vanishes identically for any compressible material,
and J;; is the Kronecker delta. For an incompressible material ¢ exists and the equilibrium
equations must be solved together with the incompressibility condition.

From this point the following notation is used:

Oy do %y,

U, .= — o’k=—' u“k=-—_—_‘
Moxy tox, ME ox; 0%,

etc. ©6)

The equations of neutral equilibrium are now investigated under the assumption that
surface tractions are conservative and nondiscrete. The infinitesimal strain tensor for
perturbations on state II is given by

&; = 3(u; ;+ u; ), @)

and the tensor y,;,, is defined (after Hill [12]) as

®

Yijia =

p[ _B°U \0x; 0%, 0%, 0x,
Po\ON pgONma] 0a, 0a, Oay, Oa,
The equations of neutral equilibrium consist of three differential equations (d.e.’s) holding at

every point of the deformed body and of three boundary conditions (b.c.’s) which hold on
each piecewise-continuous portion of the boundary surface. The three d.e.’s are given by

7
=0+ 0u i+ 26 85— Tl = Tiadhi,j
— Vi, i Vijka, jBx, = 0; i=123 )

Here ¢’ is another Lagrange multiplier connected with incompressibility in the neutral
equilibrium state, vanishing identically for compressible materials. The b.c.’s over the
piecewise-continuous boundary surface A are given by

f w; dA[0°0;;— 208+ ¥, juth + Pirtdjx — Pijlsx + Prjthi— Pijath] = 0 (10
A
for j =1,2,3. The component w; is the increment du; and dA; = (dx, dx, dx;)/dx;.

In the incompressible case the linear incompressibility condition u;; = 0 must hold
throughout the body.



136 I. W. Burcess and M. LEVINSON

3. THE PROBLEM OF A BIAXIALLY LOADED RECTANGULAR PRISM

The problem concerns the stability of a rectangular elastic solid of infinite extent in
the a5 direction loaded in plane strain by a lateral (compressive) pressure ¢ and an axial
(compressive) pressure p which is applied through rigid frictionless platens maintained at a
fixed distance from each other. Plane strain implying, of course, that ;; = 0, j = 1,2,3.
The nature of ¢ can be either hydrostatic or constant-directional (i.e. the action of g does
not change direction during any deformation of the body). Both cases involve conservative
loadings. The second case is obvious and the first is so because of the fixed distance
between the platens. The argument is given in [3]. It is apparent that certain simplifications
occur in the general equations of equilibrium and of neutral equilibrium as follows:

(1) If the material of the body is compressible, ¢, ¢” and all of their derivatives vanish.
(it} Since the deformation from state I to state II was homogeneous the internal stress
components in state Il are 7,; = —p,7,, = —q, 1; = 0if i # .

{ili) On the boundaries parallel to the x,-axis p,, = —¢q, p;; = —ag where o = |
for hydrostatic pressure and « = 0 for constant-directional pressure. Also d4, = d4; = 0.

(iv) On the boundaries parallel to the x,-axis (acted on by the rigid platens) p,, =
—p,py, =0.Also dA, = d4; = 0.

It is easily shown that the deformation invariants J, and J, in state II are given by

Jy= 2423442 = 3420, + 2,0, (11)
and
I3 = 34343 = (1427, )(1+2n55) —4n, (12)

since it is assumed A; = 1. Note that 5,, = #,, so that n,,; has been included above.
Hence, the relevant derivatives of J; may be tabulated as follows in Table 1 below, making
use of the homogeneous nature of the deformation and equation (4).

4. SOLUTION FOR THE COMPRESSIBLE POLYNOMIAL MATERIAL

The constitutive relation for the compressible polynomial material is
U = 50U, =3)- 205 - )+ BU, - 1) (13)

in which B = 1/{1 —2v). & is the shear modulus, and v Poisson’s ratio for the undeformed
body. Let 4 = [2(1 —v)]/(1 --2v) in order that the relevant derivatives of U may be written

as follows:
ou Ai,
= 1——,-—+B/12], (14)
onyy “[ Ay z
oUu A
= y[l———lum], (15)
My Ay
U _o, (16)

oni, B
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TABLE 1

Derivative General expression Evaluation at state II
0J, 1
—(1+2 AyfA
Fs Js( N22) 2/ 4y
0J, 1
— —(1+2 AA
E J3( n11) /A2
0J3 _4'712 0
Mys Js
o4 1
%’ — (14 2023) —Ao/A
92J 1
P -3+ 21y Wt
0%, 1
—— ———(1+2 1+2 1/4,4
11 s 7, Jg( N11)( N22) /A4y
R 4 16
- ———=(12)? —4/AyA
oni, Ja Js
24, 1
—_— —(1+2 4 0
. J§( M22)(41, )
3, 1
- —(1+2 4 0
M2z M1 J;;( n11)(41:3)
U A,
52 = Hh 3
oni, A
U Al
F R )
N3z A3

U A
gy --Z-+2B
“[ e

ony 10Nz,

5’7%2 414,

2
0 U=4ﬂ[ A _B].

Taking into account that #,, = #,, the components y;;, may now be written:

All other y;, = 0.

Y1111 = Y2222 = M4,

Y1122 = Y2211 = #[2BA, 4, — A,

Y1212 = Y1221 = Y2112 = V2121 = #A—Bi4,].

137
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(22)

(23)
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The stress—principal extension relationship is given by the equations

-p= B——Awu] (24)
2
Ay

—q=p| Z-A+Blid, |. (25)
1

which follow from equation (5) when ¢ = 0.
The specific equations of neutral equilibrium may now be written. The general d.e.’s (9)
become, in this case,

{“1,11(1"?1111)"’“1,22(‘1—71212)—“2,12(?1122+71221) =0, (26)
“2,11(1’—72121)'*'“2,22(‘1“72222)"“1,12(?2211+V2112) =0, 27

which may be expressed as

{ uy,11(p—pA)+uy 32(g— pA+puBiiAz)—uy 1 ,uBAy A, = 0, (28)
Uy, 11(p— pA)+ uBA A)) + Uy 55(q — uA)—uy  uBA A, = 0. (29)

Equations (28) and (29) may be written using equations (24) and (25), as
,1 A
and

Ay Ay
Uy, 11(}'2) +u, 22(/1 +BA }~2)+u1 12BA14, = 0. (31)
1

The b.c.’s given by equation (10) become :

(i) On edges x, = +4,h/2

[u1,2002112 =D+ 2,1 (V2121 —2g)Iw; =0, (32)
and A
[U1,1(72211 + @) +u25(72222—9) w2 = 0, (33)
which may be written
Ay A
u, 2(11)+u21(;+ (l—oc)) =0, (34)
and
A, ).2
ul,l Blllz A +u2 2| B}» 12 A = 0. (35)
1

(ii) On ends x; = 0, A,1
wil(uy, (Y1111 =P+ 201122 +P)] = 6, (36)
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and

woluy (Y1221 —P)+41271212) = 0. (37

Because of the platens through which p is applied w; must vanish identically, as must
u; ;. Hence these b.c.’s reduce to

U =u; = 0. (38)

Displacements are therefore assumed to have representations in the following forms which
identically satisfy the boundary conditions (38);

Uy = Z Fn(wnxl) sin WXy, (39)
n=1
©
u, = 3 Glw,x;)cos m,x,, (40)
n=1

where w, = nxn/i,l.
Simultaneous, ordinary d.e.’s governing F, and G, are found by substituting equations
(39) and (40) into equations (30) and (31).

i A
2VFr— 22+ B4, 4, | F,— BA,A,G, = 0, (41)
Ay A
)'2 o Al ¢
24 BiA, |G~ |22 G, + Bi A, F, = 0, 42)

where the ' superscript denotes a derivative with respect to w,x,.
The general solutions to (41) and (42) are,

Ay A
E, =C,, smh( —0,X; ] + Cap cosh( ,,xz) +Ci, sinh(K»fw,,xz) +C,, cosh(K&iw,,xz) ,
’12 2 i2 }'2
(43)
and
Ay Ay A
G,= [AI(C“‘ cosh(x—zw xz) +C,, smh(lz ))
KA, KA, . KA
+—4 Cs, cosh| —w,x, | +C,, sinh| —w x,}] |, (44)
A Ay iy
where K = [(1+ B12)/(1 + BA})]t.
The following notation is adopted for the sake of simplicity :
).1 Aa
51 12 A,l +(l “)qs (45)
2 2
o = v -auk(3) (#6)
2

-2 )
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A2 442
&y = —( 1'12 2), (48)
2
h
Vin = 405, (49)
h -
l10271 = K’{lwnz' (30)

¢, is included here merely for the sake of notational symmetry.

The general solutions (43) and (44) are now inserted into the b.c.’s (34), (35) whereupon
four simultaneous linear equations for the C,, are obtained. The vanishing of the determin-
ant of the coefficients of the C,, in these equations gives the nth stability bound as follows:

é, coshyr,, 0, sinh y,, 0, coshi,, 0, sinh ¥ ,,
0, coshyy,, —3J,sinhy,, d,coshy,, —0,sinhy,,

) . = 0. (51)
g, sinhy, g, coshy, g, sinhy,, ¢, coshy,,
—gy sinh g, g, coshy,, —eg,sinhy,, g, cosh yr,,
This may be rearranged to give
d,cosh iy, 0,coshy,, 0 0
g, sinhy,, ¢&,sinhy,, 0 0
1 !//1 2 l/jZ . . — 0’ (52)
0 0 0, sinhy,, J,sinhy,,
0 0 g, coshy,, &,coshy,,

or|A,|.|A,] = Owhere|A,| and |A,| are the two non-zero minors appearing in equation (52).

The two solutions to this equation represent symmetric and asymmetric deformation
about the axis of the deformed body. These modes of deformation will be referred to as
bulging and bending (or flexing), respectively. The solutions can be put into a form similar
to that given by Wu and Widera for the incompressible case as follows :

I q Ay
| o, 2K,11,12(2+(1 %) 2) - Ko
~(p—q) = SR tanh ETR coth T (53)
# | Ben+a-0ag,
L U
for flexural instability, and
B q A
2 AL2+(1—-0)= —
i 2, |HH 2( +1-2) 12) nith Knrh
“(p—q) = T th e tanh I (54)
a ! /1§+,1§+(1—a)%/1,/12

for bulging instability.
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5. SOLUTION FOR THE BLATZ-KO MATERIAL

The material suggested by Blatz and Ko (special case f = 1) has the constitutive
relation

1-2v
v

U= ’—2‘[(11 —3)+( )(J;“/“-“’—l)} (55)
for the case of a Blatz-Ko material independent of J,.

If, as before, A = [2(1 —v)]/(1—2v) and B = 1/(1 — 2v), the relevant derivatives compar-
able to (14)-(20) are in this case

ou
= [1_1—8-1'1—8+1 , (56
6’111 I’t 1 2 ] )
;_Li = pl1—A7P+125 571, (57
N22
oU
=0, (58
oy, )
02U
= A2 AL, (59
aﬂ%l ” 2 1 )
92U
- = uAA; 24424 60
angz U 2 1 ( )
0%U
———— = W(B-1)(4;4,)™4, (61)
ON11 0M22 # i4)
02U
= (A A,) A (62
5oz, = 4ulat) )

Hence the components y;;, may be written as

Y1111 = V2222 F #A('lxiz)_B (63)
V1122 = Y2211 = B~ 1)(}»112)_8, (64)

and
Y1212 = Y1221 = V2112 = Y2121 = ﬂuv{z)_B- (65)

The constitutive equations are in this case

A
-p u[l—:—ulzz)-"} (66)

A
-q= u[f—(alaz)-"], (67)
1
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and the d.e.’s of neutral equilibrium are [cf. equations (30) and (31)]

A Aa
ul,ll(A_I+B()“1)‘2)-B) +u1,22( ) +uy 1,B(A,4,) 78 (68)
2

Ay
A A, -3 _B_
Uy 1y N +uj 22 p T+ B(AA) 7 +uy 1, BA4,) " = 0. (69)
2 1
The b.c.’s are in this case:

(i) Onedges x, = +2,h/2 [cf. equations (34) and (35)]

A A
uy 2| 32 4 up 1 |2 4+g(1—a)) =0, (70)
Ay Ay
~B '{2 '12
Uy | B(AA2) "B —===] +uy 5[ B(A,4,) 78 =0, (71)
Ay ’ '11
(1)) On ends x, = 0, 4,1 [¢f. equation (38)]
As before the b.c.’s reduce to
uZ.l = ul = O (72)

The d.e.’s (68), (69) can be solved using the same general trigonometric functions previously
used for u,,u,, as defined in (39), (40). The solutions are identical to (43), (44) with the
exception that K is now replaced by

K = [(1+A3BY)/(1 + A}BY))E
where
B = B(4,4,)" 1.
The second b.c. (71) can be rewritten as,
uy ((BA2—1)+uy ,(BA2+1) = 0, (73)

which is similar to (35).
It is not surprising, therefore, that the stability bounds for the Blatz—Ko material are
given by expressions analogous to (53) and (54);

[ = q i
K 24+(1—a)= =L ~
2%, 2 MZ( -2 3 ) nih Rnnh
—(p Q9= tanh| == coth|—; (74)
] Af+/l§+(1—a)% Aids
for flexural instability and,
2R 2,2+ —a)= 2 _
1 21 A nnh Knnh
p(p—q)=72— qu : th( 21) h( 21 ) (75)
! i Af+/l§+(1—a)l—l 214,

for bulging instability.
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6. THE INCOMPRESSIBLE NEO-HOOKEAN MATERIAL

Both materials considered reduce to the incompressible neo-Hookean material for
v = 0-5,J; = 1. 1tis therefore interesting to compare the stability bound obtained by letting
v — 0-5 in the analysis of compressible materials presented above with those obtained by
Wu and Widera using an incompressible analysis. It is worth noting that Wu and Widera’s
displacement field can be obtained directly from the application of the incompressibility
condition to the solution field ; given in equations (39) and (40). As the compressible material
becomes incompressible then 2; — 1/, and hence K and K both become 1/4?. Therefore
the incompressible cases of (53) and (54), and (74) and (75) become

2 [ 22+(1—a)g/w)i}) ] nnh

1 nnh
;@“@=1?‘jp4+u—wmmui“m43ﬂ°m4ﬁﬁ) 7o

for flexural stability, and

[ 22+ (1 —o){(g/w)i?) ] nnh nnh

21
for bulging instability. These are the correct solutions obtained by an “incompressible”
analysis (Wu and Widera’s solutions contain an erroneous numerical factor, which is
pointed out in [8]).

1 2
~(p—4) = 5~
#(p A

7. NUMERICAL RESULTS

The best form of presentation for the stability bounds is not immediately obvious.
The variables involved in specifying these bounds are p/u, g/u, h/l, v and n, one of which
will be dependent. In the previous work, [1-3, 5], families of characteristics of p/p, (where
Po = Pl,=0) against g/p are shown for n = 1 at different aspect ratios /I and different v
values (in [S] of course, v = 0-5). The variables n and h/l are always multiplied together in the

= Cg X

P ) 7
{ R {
. |

-l—_“ P(afaz)‘w
T 1

i . -
— : P(X,,xz)}
T | T t
—— ‘ -
9 _ : ax | g M
od I N b
=1
—— i ] -—

1 {

et

F |
: Ah
F1G. 1. The physical system.

-l
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Flexure Bulging

=

Fi1G. 2. Instability modes.

equations of stability bounds so that a change of n is equivalent simply to changing the
product nh/l. It is therefore sufficient to consider n = 1, while varying h/l. Whether the case
n = 1 is achievable in practice is dependent on the exact conditions at the end platens as
pointed out by Levinson [14]. If the ends are pinned to the platens at their mid-points then
the flexural mode of instability will only be achievable for even n, whereas if the platens are
simply lubricated then n = 1 can be achieved for this mode (Fig. 2). Since [5] considers only
the incompressible case, and [1-3] give p/p, against ¢/p characteristics for constant direc-
tional pressure which are independent of v, it is desirable to present p/p, against g/p
characteristics forn = 1,v = 0-5at various aspect ratios, for comparison with these previous
results. It is also desirable to show examples of how these characteristics change with slight
compressibility (i.e. as v is gradually decreased from 0-5 by small amounts).

It is unfortunate that it seems impossible to show analytically (as Levinson did for a
simpler problem in [14]) that the stability bounds for flexural instability are always “lower”
than for bulging instability (i.e. for a fixed ¢, Ppexuras < Poulging)» DUt it is observed from all
present numerical results that this is the case. Hence, while bulging instability may have
more than academic significance for certain cases, the flexural mode is practically the more
important of the two. Figure 3 shows how the “Euler” end load p, (with ¢ = 0) varies with
aspect ratio b/l for both bulging and flexural instability. For the incompressible case it can
be seen that the flexural instability is always associated with a lower p, than the bulging
instability, and that the two critical pressures tend to merge as h/l increases. They are in
fact almost indistinguishable from one another at h/l = 2. It is seen that a lowering of the
v value merely decreases the p, values, and that in this respect the Blatz—Ko material is less
affected than the “polynomial” material.

Figure 4 corresponds to Fig. 2 of [5] and shows, for the incompressible case, a plot of
p/po against ¢/p for flexural instability at various aspect ratios. It is seen that hydrostatic
q gives a single characteristic while constant-directional g gives a family of characteristics.
Once again h/l = 2 gives a characteristic almost indistinguishable from that given by the
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infinite pad, h/l = oo. Successively lower aspect ratios show less stabilizing effect from g,
continuing in the region p/p, =~ 1 to high values of g/p. There is some very slight destabilizing
effect on some of the characteristics, and the curve for i/l = 0-5 does in fact reach a low of
plps = 0971 at g/p = 0-865. However, there appears to be no further destabilizing with
increase of g/p, and on none of the other characteristics is there a drop of p/p, of the same
order. It may be observed that correction of the small error in [5] does in fact cause a fairly
considerable change in the qualitative aspects of the results in that:

(a) Constant-directional side-pressure has less stabilizing effect than hydrostatic side-
pressure.

{b) Higher aspect ratios experience greater stabilization than lower aspect ratios.

Figure 5 is an example of the effect of slight compressibility on p/p, against ¢/p charac-
teristics. The aspect ratio chosen is for the infinite pad (or h/l > 2). The changes in v may
be seen to cause a slight reduction in p/p, for the polynomial material and a very small
increase for the Blatz—K o material, but broadly the same qualitative behaviour is observed
in each case as in the incompressible case. The slight destabilizing mentioned above is not
enhanced by compressibility; in fact for A/l = 0-5 the compressible characteristics lic
successively slightly above the incompressible in the range of the destabilization, thus
tending to reduce the effect. The effect is, in any case, not discernible on a graphical plot
of the type of Fig. 5.

No plots are shown corresponding to 4 and 5 for the case of bulging instability. Since
this mode of instability occurs, as far as one can tell, always after the flexural mode, it has

Hydro. Const.dir. q

5
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Pol iaf
4 /\ynomoa
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F1G. 5. Effect of reduction of v on flexural instability. Numbers on characteristics are values of v.
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little physical relevance. There can also be little meaning to the term *‘stabilization” when
applied to buckling from an unstable basic equilibrium state. It is worth emphasizing
however that the transition from incompressible to compressible properties is once again
smooth and gradual.

8. CONCLUSIONS

The ““standard’ material used in [1-3] has been noted in [9] to be inappropriate to deal
with problems of large strains and to be meaningless for the incompressible case. It is not
therefore surprising that the results given by it for constant-directional side pressure are
not verified in any sense by the present analysis. On the other hand the analysis presented
by Wu and Widera [5] for the incompressible case, apart from a slight numerical error
which has affected their graphical results, is verified. The general conclusions on the
problem are as follows.

1. That in general both hydrostatic and constant-directional side pressures stabilize
the solid.

2. That the stabilizing effect is in all cases less marked for constant-directional than
for hydrostatic side pressure.

3. That the initial stabilizing due to constant-directional pressure becomes less per-
ceptible with decrease of the aspect ratio b/l and for a range of h/l a very slight destabilization
occurs initially as ¢ is increased from zero. However, as q increases, the ultimate effect is one
of stabilization in all cases.

4. That the system’s characteristics vary smoothly towards the incompressible charac-
teristics as v tends towards 0-5.

The ultimate conclusion, therefore, must be that the ‘“‘standard” material has shown
itself to be totally unsuitable for finite strain problems of this type. The results also indicate
that an “incompressible’’ analysis using a realistic material model gives a good approxima-
tion to the behaviour of slightly compressible materials in such problems.
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AbcTpakT-—HCnonb3ys BapHauMOHHbIL METOH, MCCIICAYETCH HEYCTOMYMBOCTE HAPAMOYIOABHOIO Teja,
HATPYXKEHHOIO B MHOCKOM ACHOPMHPOBAHHOM COCTOAHHM TOCTOMHHBIMH OCEBBIMH M INOMEPEYHLIMH
nasnenusmy. OceBbie AABNEHNS NPHAOKEHb TOCPEACTBOM XECTKHX IUIACTHH, OOKOBBIC Xe HaBneHus
MOryT ObITH THAPOCTATHYECKHE, MO0 MOCTOAHHO Hanpasnéxupic. ViccmeayoTes aBa TMIA JIErKo CKuMae-
MOTC MaTepHasia, HOXoXero Ha pe3uHy. O0a cBOIATCA K HEOrYKOBOMY MarepHany PuBiiuHa, A/ HECK-
umaemoro ciy4as. [Tpespiayiine MCCIEAOBaHUA, HCITOB3YIOIKME ‘' CTAHAAPTHBIN > MATEPUAI U HEOTYKOBBIH
MaTepHas, KABANH KaYECTBEHHO PA3IHbIE PE3YJBTATEI.

OKa3pIBACTCH, YTO CTAHAAPTHHIH MaTepuan HenpurojeH 418 UCCIENOBAHMN TAKUX XK€ 3413y KOHEYHON
AedOPMALMH U YTO TIOBEAEHUE HCCIIEAOBAEMBIX, CKUMAIOIUIHX MaTEPHANIOB BERET POBHO K TAKHM Xe W3
HECXKHMAEMOTO MaTepuana, Koraa kolhduuuam [Myaccona npubmmxaercs K MONOBHHE,



