Negative Poisson’s Ratio Materials

Reentrant polymer foam materials with
negative Poisson’s ratios, as described by
Lakes (1), are a new class of materials with
unique properties. The thermodynamic re-
striction on the compressibility, K, of an
clastic material is that it must be positive for
stability. The compressibility is related to
the shear modulus, G, and Poisson’s ratio, v,
by K = 3/2[(1 — 2v)/G(1+ v)], so v is re-
stricted to —1 < v < 1/2 for positive K, as is
well known. However, polymer foams are
not elastic continua and develop couple-
moment stresses that bend the internal con-
necting ligaments. The negative values of v
in the reentrant foams are a direct result of
the size scale, intrinsic in couple-moment
clastic theory. Thus there are hidden varia-
bles in the material. Anisotropic materials
with matrix elastic constants have some neg-
ative Poisson’s ratios. These materials also
have additional hidden variables—the com-
plete set of tensorial, stress-strain, state vari-
ables.

Although a proof does not exist that
restricts the ratio of transverse-to-lateral
strains to a value that is larger than zero, for
a system of two independent variables, that
is, two stresses and two strains, Lakes’ ob-
servations should not be construed as evi-
dence that such a proof is impossible. His
material has additional hidden state varia-
bles. All known continuum solids that are
described by two independent-state varia-
bles have thermodynamic couplings that are

greater than zero. The proof that this must
be true has simply eluded us.
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Response: Burns raises some interesting
points regarding materials with negative
Poisson’s ratios. I agree that foam materials
are not continuous media and that the cell
ribs transmit bending moments as well as
tensile and compressive forces. I also agree
with the idea that these bending moments
can be incorporated as a “hidden” variable
(that is, couple stress) in a more general
continuum description, Cosserat elasticity
(1). 1T disagree, however, with the sugges-
tion that the negative Poisson’s ratios result
from the size scale. In the Cosserat model
for structured solids, many phenomena are
predicted and observed (1) that depend on
the material size scale in relation to the
length scale associated with the deforma-
tion. A simple tension deformation, howev-
er, is uniform and has no associated length
scale. Consequently both the Cosserat mod-
el and classical elasticity predict the Poisson
effect to be independent of scale (2).

The role of structural assumptions in the
prediction of Poisson’s ratio can be traced to
the foundations of the theory of elasticity
(3). Navier proposed in 1821 a theory of
interatomic interaction in which the forces
are central and act along the lines joining
pairs of atoms, and Poisson himself soon
after concluded from this theory that Pois-
son’s ratio must be 0.25 for all materials.
This view was accepted for many years until
experiments disclosed different Poisson’s ra-
tios for various materials. In common mate-
rials for which Poisson’s ratio differs from
0.25, the interatomic forces must be non-
central, implying the existence of couple
stresses to satisfy the condition for equilibri-
um. Hence Burns’ reference to additional
hidden state variables appears to be relevant
to most materials with Poisson’s ratios that
differ from 0.25, not only to the new foams
with negative Poisson’s ratios. As for contin-
uum solids, they exist as conceptual repre-
sentations for physical solids, all of which
exhibit structure on some scale.
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"I thini I'm beginning to grasp the concept of infinity."
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