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E Almost all the solutions in the literature of visco-
elastic stress analysis have dealt with materials which
exhibit viscoelastic behavior in shear but are incompress-
ible or elastic in dilatation. This has been influenced
in part by the fact that accurate measurement of visco-
elastic characteristics in dilatation are difficult to
make, and only now are preliminary results becoming availl-
able. Since more precise measurements of dilatational
response can be expected, certain solutions of viscoelastic
stress analysis problems are presented to illustrate the
convenience of utilizing measured relaxation moduli in
dilatation as well as shear in evaluating stress distri-
butions. Examples for cylindrical boundaries are given.
These soIltions are also useful 1n suggesting experimental
configuratiAons from which the relaxation modulus in dilata-
educed mathematically while avoiding the
f direct measurement by surrounding a specimen

tion can be
difficulties
with fluid under pressure. Metal casings can be incorporated

The results communicated in thils report were obtained
in the course of an investigation conducted under Contract
Nonr-225(69) by Stanford University with the Office of
Naval Research, Washington, D. C. Reproduction in whole or
in part is permitted for any purpose of the United States
Government. This work is to be presented at the Fourth
International Congress on Rheology, at Brown Unilversity,
Providence, R. I., August 1963.
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into the system to eliminate penetration of pressurizing
fluid into the specimen and to permit more accurate strain
measurement, and at the same time permit evaluation of

the relaxation moduli of the polymer by means of the

stress analysis theory.




Introduction

In recent years rapid progress has been achieved in
the development of methods of stress analysis for linear
isotrobic viscoelastic bodies within the framework of
infinitesimal strain and displacement theory. For such
bodies, invariance of the constitutive equations under
rotation of axes implies that two independent viscoelastic
operator relations are needed to prescribe the material
behavior, analogous to the two independent elastic constants
in classical elasticity theory. Since, for many visco-
elastic bodies, shear strain magnitudes often dominate
dilatational strains, it 1s appropriate to take as the two
independent stress-strain operator relations those govern-
ing shear and dilational deformation; for otherwise the
shear behavior is likely to dominate combined operators
as 1t does for Young's modulus for extension. The much
larger deformability in shear is reflected in the literature
by the much broader coverage of viscoelastic characteristics
in shear and the comparative paucity of dilatational
response measurements. Although measurements in shear
and simple tension can formally be combined to give the
separate shear and dilatational responses, practically
the dilatational strain appears as the difference between
two larger quantities which is therefore subject to
appreciable error, and this carries over to the deduced
bulk modulus characteristic functions. Direct bulk modulus
measurements are difficult to carry out since the specimen
must be subjected to hydrostatic pressure in a cavity, and
hence the expansion of this cavity, and the compression of
the pressurizing fluid must be taken into account. Moreover,
the fluid may penetrate into the specimen, and small trapped

air bubbles can cause major discrepancies in measurement.




Reliable response characteristics are needed for
satisfactory stress analysis, and the lack of information
alluded to above has hampered application of the theory,
as discussed by Kolsky and Shil, Lee2, and Hunter3. In
this paper we re-assess the situation, present a method
of solution for the stress distribution in a spinning
pressurized circular cylinder for a material_y}gcoelastic
in dilatation,in order to indicate that analytical methods
are available to treat such problems, and show how such
analyses can suggest methods of measuring viscoelastic
bulk characteristics.

Because of the lack of information on viscoelastic
characteristics in dilatation, most treatments of visco-
elastic stress analysis problems have included an assumption
of uncertain validity to prescribe this property. Incompressi-
bility4’5’6 is likely to be satisfactory if the body is
of open section, relatively unconfined so that free flow
in shear is permitted. However, this is likely to be too
drastic an assumptioh in many cases. Elastic dilatationS’7
provides a more accurate representation. The latter intro-
duces different operators in shear and dilatation and this
can increase the complexity of certain types of analysis
as mentioned below. To avoid this, the assumption has been
made8’9 that the operators governing shear and dilatational
response differ only by a constant factor. This assumption
is equivalent to the condition that the viscoelastic
operator corresponding to Poisson's ratio in elasticity
reduces to a constant as in elasticity, so that effectively
only one time dependent operator occurs. However, as
poulnted out by Hunter3, there is little evidence to support
this assumption, although it does provide a simple means
of introducing the iInfluence of viscoelastic response in

dilatation, albeit in an artificial manner.




The analytical convenience of the assumptions mentioned
above 1s particularly significant for analyses using differ-
ential operator stress-strain relations, since the introduction
of viscoelastic compressibility would lead to higher order
combined operators and hence call for more involved methods
of solution. But as.remarked previouslylo, the use of the
integrgl operator representation of viscoelastic character-
istics may not lead to appreciably more complicated analysis
with viscoelastic compressibility, and further, the technique
described 1nlo allows the direct use of measured viscoelastic
properties, should these be avallable in the appropriate
fom. Hence, in the followlng we shall incorporate, after
suitable tran§formation, the viscoelastic dilatational
characteristics given by Marvin, Addrich and Sack11 into
the stresq analysis of a spinning, pressurized cylinder,
essentially following the same procedure as that described
in a previous analy51312 for an elastically compressible

cylinder.

Development of the Theory

We shall first consider the theory for plane strain,
axially symmetric viscoelastic problems. Apart from the
effect of the different constitutive relation for dilatation,
the analysis is similar to that considered inlz, in which,
the material is considered to behave elastically under
hydrostatic pressure. Since plane strain conditions and
éyiindrkml symmetry are assumed, then, in conventional
notation, the strains €0 €g» ez and the displacement

u are related by:

u
—;, e_=0 ' (l)

The stresses 0., Og and g, satisfy the equilibrium equation:
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o0
r 2.2
rsg- + 0,- 0y +prw=0 (2)

where p 1s the mass density of the viscoelastic material,
and w = w(t) 4is the angular velocity of rotation of the
cylinder. As discussed in referencelz, shear stress due to
angular acceleration 1s not considered. The stresses and
strains also satisfy the constitutive equations of linear

viscoelasticity:
t
- ol (.

0, - Uy = z-f G(t-1) $= (e, - €,) dt (3)

-0
g - g =2 G(t-1) & (e, - €.) dar (4)
P Z 37 ‘“a -

=0
e

This last equation (5) expresses the viscoelastic behavior
in dilatation; a material behaving elastically in dilatation
is a special case included in (5) by making the function
K(t) a constant.

The materlal is considered undisturbed prior to zero
time so that the lower limit -« 1n the integrals in
(3)-(5) may be replaced by 0O . Then, just as in

referéncelg, Egs. (1)-(3) give:
aor 22 : 0 /Ou u
I‘B?——+pr'w=—2f G(t—T)S}-(g—;) dr (6)
"




and hence
3

o (r,t) = £, (t) - %—preo@(t) - eg a(t-1) %ee(r,'r)d'r

(7)

o]

where fl(t) 1s an arbitrary function introduced by the
spatial integration. To obtain another independent equation
relating 0, and u, we eliminate dg and g, from

Egs. (3)-(5) and then use (1) to give:

t t
30,(r,t) = 3; K(t-1) g?(g% + %)dr + QS G(t"‘)g?(gg%‘%)d'f
O— 0_
T o t
=%g [3K<t‘T)+G(t-T)]§;;;: (ru)df+3< G(t-r)g—T(?r;’,-l‘%)dT
° ()

In order to leave the equation with the u terms contained
exclusively in a complete derivation, we use Eg. (6) to
eliminate the second integral in (8), then integrate with

respect to r to give:

T,(t)
2 1 22 2 3
opet) = 5 - Jorful (o) +§5 [3K(6-1)46 (6-1) e, (r,7)d7
° (9)
where fg(t) is another arbitrary function introduced by
integration.

We therefore have two integral equations for the four
unknown functions fl(t), fg(t), Ur(r,t) and ee(r,t), and
hence require two independent boundary conditions to

properly define the problem.
In order to obtain the stress distributions it is
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convenient to obtain an equation not contalning displace-
ment. This is done by operating on both sides of Egs. (7)
and (9) with the linear integral operators
B t
3

—%—S [3K(t-7) +G(t—r)]g—T dt and 25 G(t—'c)ﬁ dt

o] o)

respectively, and adding to give:

¢ da_(r,t)
g [3K(t-7) + 4G(t—T)]—r§T——— dt
.
’ ar, (x) . JEY
=S [3K(t-'r)+G(t—T)]TT— drt +r—25 G(t—r)——;ﬁ—— dt
o O
r2 i 2
- P ow (1
TJ [6K(t-1) + 5G(t-1)] - dt (10)
-

This can be reduced to a much more convenient form by
introducing the auxiliary function R(t) defined by the

integral‘equation:

t
J [3K(t-7) + 4G(t-1)] oR i dt = 2G(t) (11)

6

Then rearranging Eq. (10) so as to include all K terms
only in the form 3K + 4G , and using (11), linearity,
and the associative property of convolutionsl ]

or(r,t) is given by the simpler equation:

e




Gr(r’t) = fl(t) -3 prnwe(t)
t £ 22
+-§j Rerle (25 - r () + 28R o g
_ r
o

F.(t)
o,(r,t) = By (8) + S5—-Fo(6)r® (13)
r
£
where  F, (t) fl(t)-%J R(t-1) %ﬂdf (14a)
-
9
Fz(t) =% R(t-7) %—i—:)— dt (14b)
-
2 ¥ e
r(t) = 85 [WP(c) - 3J R(t-7) 2() 471 (1)
o
using (13) and (2), oy 1s given by:
F, (%t
0p(r,t) = B (t) - —25-3 + [3F5(8) + pu°(£)1x®  (15)
r

For the non-rotating cylinder (w=0) Egs. (13)and (15)
are immediately recognized as the Lamé solution, which is
independent of material properties if the two independent
boundary conditions specify the surface tractions. For
the more general rotating case (llc) gives Fét) and
knowledge of the internal and external pressures then
immediately determines Fl(t) and Fz(t) and hence the
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stress distributions. If, howevér, one or both surfaces
has a bonded elastic casing, the stress solﬁtion-is not
so simple. At such a surface, the boundary condition
relates the normal stress to the displacement14 according
to:

o, (b,t) = - B ee(b,t)' (16)

where b is the boundary radius, and

1_1+M(1 - ) (17)
E (1 +v

o

b1+ vp)

where Eb’ vy and h are the Young's modulus, Polsson's
ratio and thickness respectively of the reinforcing elastic
casing.

If only one surface has a bonded elastic casing, and
the other has prescribed normal pressure, the method of
solution is precisely that described in reference12 with
the R-function now defined by (11). The method involves

using the pressure boundary condition
o, (2:t) = - p,(t) (18)

and the casing boundary condition (16) together with
(7) for r = b, and (12) for r = a,b to eliminate fz(t)
and obtain two interrelated convolution integral equations
for or(b,t) and fl(t), which can be simultaneously
solved numerically by finite difference techniques.
or(r,t) and ce(r,t) are then immediately given by
Eqs. (13) and (15).
If both boundary conditions are of the casing type (16),
then both can be applied to each of Egs. (7) and (9)

_8-




permitting elimination of fl(t) and f2<t) and hence
agaln obtain two interrelated convolution integral eduations,
but this time for or(a,t) and Ur(b,t) (or the equivalent
boundary strains). Either fl(t) or f2(t) are then given
by simple quadratures, and substitution in Egs. (13) and

(15) determines cr(r,t) and ce(r,t).

So far we have only considered the determination of the
stress distributions. Obtaining the displacement fleld
would seem to involve only a simple choice between, solving
the integral equations (7) or {(9) for ee(r,t) and hence
u(r,t). Of these two equations, (7) seems to be the
preferable since 1t may be rewritten in the‘quadrature form:

t
eyrst) = %S- J(t-7) g;'[fl(r) —-%prewg(r) - o (r,7)] dr
B} (19)

(e}

where J(t) 1s the creep compliance, either a measured
material characteristic or determined from G(t) as by
Hopkins and Hamminng. However, in order to achieve
satisfactory numerical accuracy, Eq. (9) is in fact to

be preferred and when rewritten in the form:

t
g [3K(t-T) + G(t-1)] %; [beee(b,T) - rgee(r,r)] dt
o

[bzcr(b,t) . r20r(r,t)] + %(bq—rq)pwg(t) (20)

nojw

it may be solved as a Volterra integral equation for ee(r,t)
Another equation for ee(r,t) , not containing G(t)
directly, may be obtained by eliminating the G term from
Ea. (7) and (9), and fe(t) through the substitution

r =b, to give:




19
5 6K(t-T) %? [beee(b,r) - rgee(r,r)] dt = b2[4cr(b,t)—fl(t)]

(0]
- r2[40r(r,t)—fl(t)]

(21)
This equation 1s more suitable for the determination of
displacements for elastically compressible mat@rials since

it then reduces to a simple algebralc expression for ee(r,t).

Particular Example

The particular example to be considered in this section
is that of a hollow cylinder of polyisobutylene encased in
an elastic shell and subjected to-arbitrary internal pressure.
Although in the numerical example presented later the
c¢ylinder is non-rotating and non-ablating, the theory
developed in the previous section, and the method of
numerical evaluation used, apply for the general case.

The choice of material and loading conditions was
governed by the availability in the literature of measured
physical characteristics in shear and dilatation. Marvin,
Aldrich and Sackll give complex shear and bulk moduli for
polylsobutylene over an equivalent frequency range of
106 to 109 cyoles/sec. when the measurements are reduéed
to 25°C. Although these cannot be substltuted directly
into the theory presented here, which 1s based on
relaxation moduli, in the absence of measurements of the
latter, we decided to base the solution on the relaxation
moduli deduced approximately from the complex modulus
measurements, since our objectlve was to present an
example illustrative of the method which mlght serve to

encourage more preclise measurements of viscoelastic
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dilatational characteristics to permit application of this
approach. We therefore used the empirical formulae
proposed by Ninomiya and Ferryl for evaluating approximate

relaxation moduli:

G(t) = G'(w) - 0.40 G" (0.40w) + 0.014 G" (10w)y —_ 1t (22a)
K(t) = K'(w) - 0.40 K" (0.40w) + 0.014% K" (10w)| _ Lt (22v)

Fig. 1 shows the resulting moduli plotted logarithmically,
the experimental results having been smoothed by differencing.
Because of the equivalent high frequency at the reduced
temperature of 2500, direct evaluation of the relaxation
moduli by (22) would cover a time range in micro-seconds,
which would be unsuitable for the quasil-static stress
analysis problem under consideration. We therefore consider
pressurizing to occur at a lower temperature which intro-
duces a factor of lO4 in the time scale on the basis of
the thermo-rheologically simple hypothesisl7. This
corresponds to a temperature of about —55OC, at which
quasi-static analysis would be satisfactory for loading
times in the range of the relaxation data. The time scale
in Fig. 1, and the example to be presented, correspond
to this temperature, although the solution can be inter-
preted to correspond to different loading times at different
temperatures, as long as the temperature is not considered
ralsed to the extent that inertia forces due to the
deformation become significant. It is seen from Fig. 1
that much more marked relaxatlion occurs in shear than in
dilatation, but that the latter occurs sooner.

R(t) was obtained from the integral equation (11)
by finite sum numerical evaluation as described in

reference . Fig. 2 shows the variation of R(t)
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computed using several step lengths. It 1s evident thét
practical convergence 1is achieved for A(log t) = 0.0625.
For comparison the corresponding curves for elastically
compressible bodies are shown, assuming the constant
bulk modulus to coincide with the initial modulus, K(O),
and long-time modulus, K(»), respectively. Comparison of
the influence of the time step A(log t) with that for the
elastically compressible caselO reveals much slower con-
vergence for viscoelastic dilatatlon. Whereas in the
elastically compressible case R(t) is mono%onilcally
decreasing, Fig. 2 shows this to be no longer so. That
this behavior 1s permissible is clear from a physical
Interpretation of the meaning of the function.

R(t) defined by (11) is a generalization of the
R function introduced by Muki and Sternberg7. It has
a physical interpretation in terms of one-dimensional
strain with displacement parallel to the Xy axis and
independent of the xg, x3 coordinates. The principal
strains are then (el, 0, 0) and stresses (cl, LY 02),
and the linear viscoelastic laws in shear and dilatation

glve:
b 3
€1
0, (8) - oy(t) S 2 6(t-1) gt dar  (23a)
e Bel
ol(t) + 202(1:):; 3K(t-1) 57 dr (23b)

Elimination of 05 yields:

&
d
3ol(t) = [3K(t-1) + 4G (t-7)] gi—l dt (24)

-12-




Comparison with (11) shows R(t) to be the strain response
el(t) with this one-dimensional constraint for a stress
variation 2G(t)/3, and hence el(t) can increase with
time as does creep response.

In the previous section we showed that for a cavity
of radius a subjected to pressure p(t), with an elastic
casing at r = b, a pair of integral equations for
cr(b,t) and fl(t) can be deduced for (7) and (12).
Transformed into a convenient form for numerical analysis
they reduce to the equations given in referencel2 for
the elastically compressible case, modified to accommodate
the minor change in the definition of R:

t

[1-2 6(0)] o (b,t) + %S o_(b,1)3= G(t-t)dr = £ (t)SprPu’(t)
0 (25a)
. R ®
[1—-23- R(o)Jfl (t) +—~é’- S fl('c)% R(t-t)dt
- b2%a2 [b20r<b,t)+aep(t)+(b4-a”)F3(t)] (25b)

As described in reference12 these can be solved conveniently
by finite sum approximation, in a manner similar to that
for single integral equationslo. Programming was carried
out in the computer language BALGOL, for processing on the
IBM 7090 machine at the Stanford University Computing
Center. These facilities were in part made available
under the National Science Foundation Grant NSF-GP 948.

In order to have an appreciable influence of visco-
elasticity in dilatation, Fig. 1 shows that a loading

-13-




time of the order 10"3 secs. 1is needed, and so the pressure
variation in the cavity was taken to be:

b(t) = p_(1 - e"1000) | (26)

Since the stiffness of the external elastic casing
is likely to have a significant influence on the stress
distributionsle, the solution was carried out for a
"soft" casing, B = 1.434% G(0), which corresponds to
an aluminum casing with tt . ~150, a "medium" casing,

B = 3.441 G(0), which corresponds to a steel casing with
b4 ~80, and for a rigid casing.

Table I shows the dimensionless compressive stress
values (o/p_) for various times and boundary positions
for the medium casing, compared with the corresponding
problems with elastic compressiblility and K = K(0) and
K(w) respectively. Because of the rapid initial variation,
equal steps of log t were taken for the finite sum
approximation for t < 0.0l1, and equal steps of t there-
after. The steps were halved until a difference of less
than %% in o, resulted, this occurring for the visco-
elastic case with A(log t) = 0.125 and At = 0.005. The
results in Table I show that for the longer times the
elastically compressible solution with K = K(w) provides
a good approximation for both stress components, as would
be expected from the form of the relaxation modulus in
dilatation shown in Fig. 1. Viscoelasticlty in dilatation
influences the Tg component appreciably at the shortest
time, and particularly the value of ce(a,t). At the
later times, the domlnating relaxation in shear leads to
almost hydrostatlc stress conditions with the two stress
components almost equal.

For the softer casing larger displacements occur, with

_1)4_




consequent larger stress differences, and for the same
time steps the effect of halving the step length produced
a change of about 2% in Ops showing somewhat larger,
though acceptable, truncation errors.

It was pointed out at the end of the previous section
that displacements could be evaluated from the inversion of
(7) in the form (19) which depend on the viscoelastic shear
operator, or by (20) which contains an operator dominated
by the dilatational viscoelastic kernel K(t) (since as
shown in Fig. 1, K(t)>>G(t)). For an encased cylinder,
after the initial rapid growth of displacement, continued
expansion is inhibited by the casing and the dilatational
material characteristics, and shear restraint virtually
disappears as the stress-differences relax. Thus when
using (19) the constraining effect must arise sifce
fl(T) - %prng - UP(P,T) ~ 0. 1In the example considered

here, w = 0, and the computation of the displacement
then depends on the difference of two nearly equal com-
puted quantities. This leads to considerable numerical
error, and as shown by the points plotted in Fig. 3 for
ee(a,t) = Wg for the medium casing, B = 3.441 G(0),

satisfactory convergence was not achileved even for time
increments one quarter those used for the stress calculations.
Use of (20), in which the constraint on u 1s introduced

in a natural way through the dilatational operator, no

such difficulty arose and the change in u for halving

the time step for the courser Increments used for the

stress calculations was less than 1%.

IMg. 3 shows the clrcumferential strain at the cavity
surface, ee(a,t) = u(a,t)/a, thus being a measure of
displacement, for the two elastlc casings mentioned above,
and for a rigid casing. Values calculated for elastic
compressibility, for K(0) and K(»), are also shown.

-15-




In Fig. 3 €g is presented in dimensionless form

€

Ee = G(0) 5% which accounts for the magnitude of order

unity. It is evident that the stiffness of the casing
has a major effect on the displacements, and that with
increasing time the displacement for the body exhibiting
viscoelasticity in dilatation approaches the elastically
compressible case with K = K(»). This would be expected
in view of the K(t) variation shown in Fig. 1, and

the influence of dilatational constraint in this problem.
The approach however 1s slow, and in fact the limit would
only be achieved when a hydrostatic stress condition has
developed. Table I shows that this has not been achieved
at t = 0.1 since (Gr - 06) is still appreciable, and
g, can be expected to differ by an amount of the same
order. Only when the maximum shear stresces, i.e. the
stress differences, have relaxed to zero, will elastic
dilatational constraint based on K(w) determine the
displacement correctly.

For the rigid casing example, incompressible material
behavior would give u = 0, and we see that the elastically
compressible case based on K(0O) is closer to this result
than to the dilatational viscoelastic and K(») cases.

For K(0), the Poisson's Ratio of instantaneous response
is 0.43, compared with 0.27 for K(«). It is thus clear
why the former, with growth towards 0.5 as the shear

modulus relaxes, is close to the incompressible solution.

The results discussed above indicate that in this
problem dilatational viscoelasticity has overall only a
moderate influence on the stress and displacement distri-
butions. If such a configuration were envisaged for
measuring dliatational properties, therefore, facilities
for accurate measurements of surface displacement would be
needed. This consideration is assessed in the following section.
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Application for Measuring Dilatational Characteristics

The analyses glven above to determline stresses and
displacements for materials exhibiting viscoelasticity
in dilatation as well as in shear, can be used in reverse
to determine the relaxation moduli in shear and dilatation
'from displacement measurements. However, the comparative
stiffness 1n dilatation calls for extremely accurate
displacement measurements to achleve satlsfactory
dilatational modulus values. Measurement of surface
displacements or strains for viscoelastic bodies is
hampered by the texture of many polymeric specimens
which have a geometrically less smoothly defined surface
than for structural metals, and which are often too soft
compared with resistance strain guage elements, or modified
by glue used for attaching them, to permit sufficient
accuracy of measurement. If a cylindrical specimen can
be reinforced, both internally and externally, by elastic
metal casings, accurate displacement measurements could
be made on the metal surfaces, following internal pressure
or spin, and the analysis given above can be transformed
for the determination of G(t) and K(t).

For example, if we consider the internal and
external shell constants (17) to be Ba and Bb respectively,
and consider expansion due to spin only, equation (20) can

be expressed in the form
g L(t-T) §§(T> dr = Y(t) (27)
0

where L(t) = 3K(t) + G(t)

b u(b,t) - a u(a,t)

b
—
ot
~—
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- 3[b B, u(b,t)—aBa u(a,t)]/2+3(b4-a4)pw2(t)/8
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and equation (7) in the form:

t
2S G(t-1) %ITI-(T) = V(t) (28)
o}
where U(t) = u(b,t)/b - u(a,t)/a
V(t) = - Bou(b,t)/b - Bou(a,t)/a - pw?(t)(b2-22)/2

For measured u(b,t) and u(a,t) , (27) and (28) can be

solved numerically for L(t) and G(t) Jjust as (11) was
solved for R(t)lo. K(t) then follows from:

K(t) = [L(t) - a(t)]/3 (29)

Measurements of the displacement on steel or aluminum
rings, for example, may prove sufficiently accurate to
permit satisfactory evaluation of K(t).

Similar approaches can be adopted for other loading
situations which may be more convenient experimentally
than the above suggestion based solely on centrifugal
inertial loading. This was chosen for illustrative
purposes to permit direct application of equations already
devetoped in-this paper. Egs. (16) and (17) can be readily
modified to include internal pressure on the inner ring,
as well as support pressure at the metal-plastic interface,
so that a similar integral equation for the evaluation of K(t)
follows from displacement measurements following appli-
cation of a known internal pressure variation. Such a
configuration would have the advantage of maintaining
pressure at the metal-plastic interfaces and hence avoid
adhesion problems. Alternatively, for known internal

pressure without an inner ring, measurements of the

i)l ) .




displacement of the outer casing could be used to determine
K(ty, 1if G(t) were measured independently, for example
by measurements of torsion. Since the method of evaluation
is numerical solution of integral equations, direct com-
putation from experimental readings of displacement or
pressure 1s availlable.

A similar but simp.er analysis can be carried out for
the spherically symmetrical problem, simpler since only
two independent principal stress components need be
considered in the theory'(or, Tgs oe) compared with three

in the cylindrical case. However, the construction of
spherical specimens with well fitting elastic casings 1is
likely to present extremely difficult problems of fabri=-
cation, and hence it seems unlikely that this approach
will lead to applications. The analysis 1s therefore not

presented.
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Table I Compressive Stress Values

[or(a’t) - 1-¢71000 t,

t = | 0.001 0.01 0.1
K(0) . 489 .949 .991
or(b,t) K(t) . 460 .920 .986
K(w) Lis2 .918 .984
K(0) . 260 .867 .978
Ue(b,t) K(t) . 207 .792 . 962
K(w) .163 . 788 .o6H
cr(a,t) all K .632 1.000 1.00Q
K(0) .118 817 . 969
oe(a,t) K(t) .043 .712 . 948
K(w) .018 .673 .950

_00_
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Fig.2 Characteristic Functions R(t) for Polyisobutylene
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