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The most widely used conventional isotropic elastic-plastic models are based on the hy-
pothesis of “single” curve. This assumption states that dependence of the equivalent
von Mises stress on the equivalent strain remains unchanged for all combinations of com-
ponents of the stress tensor. This single curve is usually based on the stress-strain curve
obtained in the experiments under uniaxial tension or compression and can be reliably
used for isotropic materials with no structural discontinuities. This approach usually can
not be used in cases of multiaxial stress state requiring high accuracy that is typical e.g.
for aerospace industry even for materials that are generally considered to be isotropic.
There is a large number of theories tending to cover this flaws of the classical theories for
specific cases.

The authors propose a generalized approach to the description of stress state dependent
elastic-plastic behavior of materials. The main idea of this approach is the including
of dependence on the stress state type into classical constitutive equations of solid me-
dia. The ratio ξ = σ/σ0 of the mean stress and von Mises equivalent stress (ratio of
triaxaility) is proposed to be used as the parameter of stress state. This parameter
characterizes the average ratio between normal and shear stresses and can be used to
distinguish different types of stress states (e.g. ξ = 0 for pure shear and ξ = ±1/3 for
uniaxial tension/compression). Generalized versions of the yield criteria can be obtained
from classical criteria by assuming the dependence on the stress state parameter. The
yield criterion for isotropic material can be expressed as

f(ξ)σ0 = k, (1)
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Figure 1: Example of anisotropic stress state dependent yield surface in principal stresses

where k is material constant, σ0 is equivalent stress and f(ξ) is a function of stress state
paramater that can be found in a series of experiments with different stress states.

The yield criterion for anisotropic materials can be derived as corresponding generalization
of the Hill’s criterion:

Aijmn(ξ)SijSmn = k2, (2)

where Sij are the components of the deviator of the stress tensor. The example of the
anisotropic yield surface is shown on the figure .

In this work, the theoretical studies of constitutive equations based on the proposed
approach are summarized. The usage of the derived relations is illustrated on a number
of theoretical examples, computations and analyses of the actual experiments.
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