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Abstract—Fundamental problems associated with new directions in the development of composite materials
are considered.
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Nature and human beings solve a number problems
of material strength in the following ways.

(i) The combination of high short-term strength
and high fracture toughness (absence of brittleness) is
overcome by the creation of fibrous and layer compos-
ites.

Artificial materials usually work for a long time
(have high fatigue strength) in the field of elastic defor-
mations, and the operation boundaries are within the
limits of elasticity.

(ii) The combination of high fatigue strength for
large deformations is overcome by creation of com-
posites with f luids or elastomers (bones, joints, the
spine, and muscles in human beings and animals, and
solid fiber with liquid sap in trees).

Why?
Large deformations of a solid (below Tg or Tm),

high rigidity, elastic modulus, i.e., plastic deforma-
tion, always (?) lead to the accumulation of defects
(dislocations in crystalline bodies, dilatation in
glasses, crazes in polymers, etc.) and subsequent frac-
ture; i.e., they have low fatigue strength at large defor-
mations (higher than the elastic limit).

In liquids or elastomers (above Tg or Tm), these
defects do not form or quickly relax back to the normal
state.

Therefore, for the implementation of large defor-
mations in combination with high rigidity, various
combinations are realized in nature.

For example, bones are connected by joints in
which large shear deformations occur in a f luid lubri-
cant.

For trees (which are living things), large deforma-
tions (bending of branches) are possible while liquid
sap is contained within them. A dried branch becomes
brittle and easily breaks when bending. Liquid sap in a

tree is water in a complex (eutectics) with other sub-
stances (for example, arabinogalactan, etc.). The
freezing temperature of such complexes can be signifi-
cantly lower than 0°C; therefore, trees (for example,
larch) can exist normally and not break in the wind
even in Siberian frosts.
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