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SUMMARY

The anisotropic elastic-plastic-thermal constitutive equations presented at the 1st SMIRT
Conference (paper D3/3) are expanded to include the multi-modulus aspects of materials
whose temperature dependent mechanical properties are different in tension and com-
pression.

Again an appropriate yield function for such materials is postulated, and the nonlinear
transfer functions relating the response of the material (stress-strain diagrams) in any
particular orientation or loading direction to the assumed effective stress-effective strain
diagram are developed. The associated plastic flow rule is derived based upon a set of restric-
tive conditions. The accompanying multi-modulus theory is developed to again account for
the anisotropic and temperature dependent aspects of the material. Both the incremental
(tangent stiffness) constitutive equations and the complementary deformation theory
constitutive equations are presented for materials whose stress-strain response curves may
be represented in bi-linear form. The analytical approach and the corresponding numerical
complexities are examined for materials whose stress-strain curves may not be represented
by equivalent bi-linear curves. The orthotropic, multi-modulus, temperature dependent
behavior of graphites is demonstrated by descriptions of their mechanical properties, i.e.,
tension and compression differences for both the elastic and plastic regimes.

The relevant differences of solutions obtained for graphites and other materials using
a mono-modulus constitutive theory (tension and compression behavior assumed the same),
a mixed-modulus constitutive theory (tension or compression behavior being used in seperate
domains) and the new multi-modulus constitutive theory (tension and compression behavior
being used in an unified manner) are demonstrated. Support for the new multi-modulus
constitutive theory is demonstrated by comparison with different high' temperature graphite
thermal stress experiments. Additional graphite material behavior not presently included
in the new multi-modulus constitutive theory is indicated and areas of future research are
discussed.
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