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A MICROMECHANICAL ANALYSIS OF THE INCREMENTAL NONLINEARITY
IN THE STRESS-STRAIN RELATIONSHIP OF GRANULAR MATERIALS
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Generally, the stress-strain relationship for granular materials is nonlinear, even when it is
expressed in the incremental form. In this paper, such a problem is discussed with the aid of a set
of numerical tests of a granular model. In the first place, a bi-axial shearing test was performed
under the constant mean-stress condition, The result includes the strain-softening part after the
peak state in the stress-strain curve. This test gave a set of kinematical and statical data at
successive intermediate stages of the loading. A series of branch tests for the intermediate data
was performed to determine the incrementally nonlinear tangential relationships and to verify the
adoptability of these relationships. These model tests suggest the predictability of strain-strain
relationship in terms of at least eight tangential stiffness matrices at each stage with the exception
of that for the original loading direction. Furthermore, it was found that the bifurcation phenomena
should be analyzed with a special scheme other than using ordinal tangential stiffness relationship.
Key Words : granular materials, incremental nonlinearity, tangential stiffness, bifurcation
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