
M4R. oo~484L -185C
.. -,

MECHANICAL AND VISCOELASTIC BEHAVIOR OF FLEXIBLE FOAM UNDER
COMBINED SHEAR AND COMPRESSION

Seth S. Gleimaq Thomas S. Stephens, Rick Mooday, James E. Coons

Los Aktmos National Laboratory
ESA-WMM, MS C930
Los Alamos, NM 87545

Prepared for Presentation at
The AI(%E 2000 Annual Meeting

November 13,2000
Structure and Properties of Polymers II Session

Unpublished

AIChE shall not be responsible for statements or opinions contained in papers or printed in
its publications.



DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.



.7

Abstract cm-n
The room temperature mechanical behavior (shear and normal stresses) of Dow

Corning Silastic 5370 RTV foaq a flexible, open-cell, polysiloxane foq was
investigated under combined shear and compressive strains as fimctions of strain and time.
Compressive stiffhess of the foam showed a large dependence on compressive strai~
while the shear stifiess was much less dependent on compression and shear. Interestingly,
the normal (compressive) stress under shear showed a component that was quadratic in
shear strain, decreasing with shear strain at compressions less than 20’?/0(or even going
into tension) and increasing with shear strains at compressions greater than 20°/0.
Hysteresis in shear stress and normal stress was observed at high compressions. The foam
showed slight viscoelasticity with the stress relaxing as t ‘“,as is typical for filled
elastomers. The relaxation time exponent, n, showed little dependence on shear strain but
became larger with increasing compressive strai~ indicating faster relaxation of stresses
under high compressions. This is consistent with the increased hysteresis seen at larger
compressions.
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Experimental

Dow Corning Silastic 5370 RTV foam consists of a foamed, silicone elastomer
filled with approximately 15% by weight diatomaceous earth. Flat slabs of foam were
molded to a nominal thickness of 1 mm and a density of 0.40 g/cm3, or a relative density
of 0.37 (assuming a filled polymer density of 1.08 g/cm3). Cylindrical specimens were cut
fi-omthese slabs and subjected to compression in a Rheometrics Solid Analyzer (RSA-11)
and combined compression and torsion in a Rheometrics ARES rotational rheometer
(lWometric Scientific, Piscataway, NJ). Samples subjected to torsion were bonded to the
plates with epoxy @Iardman 5-minute epoxy, Elements Performance Polymers, Belleville,
NJ) to prevent slipping at the surliace.

Results

Compressive (or normal) stress, cr,was calculated as the normal force per unit area
normal to the compression dh-ection. Compressive strai~ &,is reported here as
engineering strain -W.– h)fio where h is the thickness of sample at time t, and hO is the
original sample thickness. Atypical compressive stress vs. compressive strain curve (with
no superimposed shear) is shown in Figure 1.
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Figure1.Compressivestressvs.compressivestrain(noshear)measuredon S5370foam

In samples measured in torsional shear, the sample was assumed to be
homogeneous, hence the shear strain was assumed to be linear in radial position within the
sample. Shear strains are reported here as apparent shear, or shear strain at the outer edge
of the sample, ~, which was calculated as TR= R6?lh, where R is the radius of the sample,
and @is the angle through which the sample is twisted (angular deflection of the
rheometer motor). The torque, T, was found to be approximately linear in shear strain
(see below), and the shear stress, r~, at the edge of cylindrical samples was calculated
from the torque as ~I? = 2T\zf#.
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The shear stress and normal stress measured on one sample as fimctions of shear
strain at 0°/0,10°/0,20% and 40°/0(percent of original thickness) compression are shown in
Figure 2. a-d, respectively. In each case, the compressive strain was held constant while
the sample was steadily sheared at 0.01 s-l in one direction then in the opposite direction
several times. At compressions less than 40°/0,the shear stress was nearly linear in shear
straiq but dependent on compression. Similar behavior was observed for higher shear
rates. Significant hysteresis in shear strain was observed at a compression of 40’?/o.

Under no compressio~ the foam goes into tension with shear strain (Poynting
ef%ct, see Chapma~ 1976, p 156), and the tensile stress increases nearly quadradica.llyin
shear strain. At 10% cornpressio~ the compressive stress decreases with shear strai~ At
20% compression (Fig. 2. (c)), the normal force shows a more complicated dependence on
shear strai~ with slight hysteresis. At 40°/0compression, the compressive stress increases
with shear strain and shows significant hysteresis.

The normal stress observed in torsion under compression can be related to the
compressive Stress/strain behavior seen in Fig. 1. For compressions less than 20°/0,the
compressive stress plotted against either shear strain or compressive is strain concave
down, that is, the compressive stiflhess decreases with increasing strain (either shear or
compression). At compressions higher than 20°/0,the compressive stress as a fbnction of
strain is concave up, that is, compressive stiilhess increases with strain. As seen in Fig. 1,
an inflection point occurs at a compressive strain of 20°/0.Interestingly, at a compression
of 200/0the normal stress as a fi.mctionof shear strain is concave up at small shear strains
(less than 5%) and cuncave down at higher shear strains (Fig. 2. (c)). The hysteresis in the
compressive stress seen at 20°/0and 40°/0compression is presumably due to structural
rearrangements of cell walls and perhaps fiction between walls of collapsed cells in
addition to the slight viscoelastic relaxation of compressive stress.
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Figure 2.Shearstressandnormalstressasfunctionsof shearstrainandcompressivestrain.The
compressivestrainwasheld constant at the compressions indicated while the sample was sheared several
times at a rate of 0.01 S-l in one direetion then in the opposite direction. Compressive stress is positive,
tension negative.

TIzeviscoelasticity of the foam was investigated in compression and shear. The
compressive stress relaxation modulus is shown in Figure 3 for compressive strains of
0.046 through 0.465. These measurements were made at 22°C on the same sample (but a
differed sample ii-urnthat used in the combined shear/compression measurements shown
in Fig. 2). The relaxation modulus in compressio~ E(i), was observed to decay as
E(~=Eo t-n,where&is a constant, dependent on strain. The compressive stress relaxation
modulus, measured at compressions of 0.045 to 0.465 is shown in Figure 3. The
compressive modulus is tabulated in Table 1, and the dependence on compression is
consistent with the stiffness change seen in Fig. 1, softening at Iow compressions (less than
20?40)and stiffening at higher compressions. A slight strain dependence of the relaxation
exponent, n, is observed with increasing compressio~ ranging from n==.006 to 0.010 at
compressive strains up to 0.47.
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Figure 3. Compressive stress relaxation modulus measured at the compressive straips indicated.

The stress relaxation modulus in shear, G(i), was measured at various
compressions and showed little shear strain dependence (see Table 2), but similar
dependence on time, that is, G(O = Got-n. The shear modulus decreases with compression
at compressions less than 20°/0,then increases with higher compressio~ which is
qualitatively similarly to the strain dependence of the compressive modulus (cf. Table 1).
This foam is slightly viscoelastic, slightly nonlinear in shear, and highly nonlinear in
compression.

Table 1: Comparison of shear stress relaxation modulus parametersas functions of
shearstrainfid compressive strain,

Compressive
Strain
0.045
0.094
0.193
0.292
0.390
0.465

E.

213.7
187.5
143.8
139.1
162.9
231.6

,

.
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n

0.0071
0.0074
0.0084
0.0093
0.0100
0.0111



Table 2: Comparison of Shear Stress RekmationModuk Pa&meters as Functions

>,, *

.
.

ofShearStrainandCompressiveStrain.

Shear Strain = 1%

Shear Strain = 0’%0

Compressive
Strain

0.0
0.10
0.20
0.40

0.0
0.10
0.20
0.40

GO

143.5
109.7
113.8
217.5

137.1
103.2
100.0
166.3

n

0,0113
0.0149
0.0240
0.0765

0.0109
0,0129
0.0211
0.0398

The relaxation time exponent, n, is larger in shear and is more sensitive to
compressive strain than shear strain. At high compression, n does appear to be more
sensitive to sh&r strain. In both pure compression and combined shear/compression, n
increases with compressio~ indicating a faster stress relaxation. This may explain part of
the increase in hysteresis seen at large compressions in the combined shear!compression
measurements (Fig. 2. c and d), that is, more relaxation of shear and compressive stresses
occurred at large compressions.

Discussion

The compressive stiilhess of the foam showed a large dependence on compression.
As is typical for open-cell elastomeric foams (Gibson and Ashby, 1997), the compressive
stifiess decreased with increasing compression at low compressive strains, presumably
due to buckling of cell walls. At compressions above 20?? the compressive stifiess
increased with increasing compression as the foam densified. Under combined shear and
compressio~ the shear stiffness was nearly constant with shear, but exhibited a
compression dependence similar to that of the compression stillhess. Interestingly, the
normal (compressive) stress under shear showed a component that was quadratic is shear
strair+ decreasing with shear strain at compressions less than 20°/0(or even going into
tension) and increasing with shear strains at compressions greater than 200A.Hysteresis in
shear stress and normal stress increased at high compressions. The foam showed slight
viscoelasticity with the stress relaxing as t‘n,as is typical for filled elastomers. The
relaxation time exponent, n, showed little dependence on shear strain but became larger
with increasing compressive strai~ indicating faster relaxation of stresses under high
compressions. This is consistent with the increased hysteresis seen at larger compressions.
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