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A MICROMECHANICS CONSTITUTIVE MODEL FOR FOR-
WARD TRANSFORMATION PLASTICITY WITH SHEAR AND
DILATATION EFFECT: I, GENERALIZED NONPROPOR-
TIONAL LOADING HISTORY

Hwang Kehchih  Sun Qingping  Yu Shouwen

(Depr. of Enginecring Mechanics, Tsinghua University, Beijing, China)

Abstract Based on micromechanics, thermodynamics and microscale :—>m transforma-
tion mechanism considerations, amicromechanics constitutive model which takes into account both
the dilatation and shear effects of the transformation is proposed to describe the macroscopic
plastic behavior of structure ceramics during forward transformation under different tempera-
tures. Under some basic assumptions, the analytic expressions of the Helmholtz and comple-
mentary free energy of the constitutive element is derived in a self-consistent manner by using
the Mori-Tanaka’s method which takes into account the interaction between the transformed
inclusions. The derived free energy is a function of externally applied macroscopic stress (or
strain), temperature, volume fraction of transformed phase and the averaged stress-free trans-
formation strain (eigen strain) of all the transformed inclusions in the constitutive element,
the latter two quantities being considered to be the internal variables describing the micro-
structural rearrangement in the constitutive element. In the framework of Hill-Rice’s internal
variable constitutive theory, the forward transformation yield function and incremental stress
strain relations, in analogy to the theory of metal plasticity, for generalised non-proportional
loading histories are obtained.

Key words  shear effect, internal variables, constitutive element
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