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ABSTRACT 

Elasto-plastic response of soils are evaluated based upon the valid assumption that the constitutive 
behavior of soils is inherently nonlinear under applied loads beyond a certain strain level. Such a 
phenomenon becomes particularly important when the coupled flow and deformation response of 
soils is taken into consideration in solution of related geomechanics problems, hence the theory of 
poro-inelasticity. Therefore, one should adopt a coupled mathematical formulation, such as that of 
Biot’s theory for porous media, and make use of a nonlinear elasto-plastic model governing 
essentially the effective stress-strain relationship.  

During numerical computations, when the stress is updated in the constitutive relationship, it is of 
major necessity to distinguish the soil behavior under cyclic or transient loads from that of monotonic 
ones. The cyclic plasticity models developed to simulate the mechanism of soil failure, require 
accurate predictions of irreversible strains computed through a flow rule in both virgin loading and 
stress reversals. In multi-surface type models, such as the UBCSAND model, plastic modulus is 
calculated using a hardening rule where the location of the current stress tensor is related to its 
projection on the bounding surface through an interpolation rule.  

In this study, a new hardening rule for the computation of plastic hardening modulus during stress 
reversals of soils is proposed using the principles of Generalized Plasticity Theory. It is then 
incorporated into the UBCSAND model which is slightly modified from its original formulation to 
serve with the generalized plasticity concept to evaluate the cyclic behavior of sandy soils. The new 
hardening rule is used in the calculation of plastic strains during unloading-reloading cycles requiring 
a single material parameter to be defined as a function of accumulated deviatoric plastic strain. While 
the concept is adapted to work within the UBCSAND model, it can very well be used to capture the 
dynamic behavior of clays or clay-like cohesive soils with the help of a bounding surface definition.  

Firstly, a number of strain and stress-controlled static and cyclic triaxial tests are simulated in order 
to validate the proposed relationships. Secondly, the effect of the new hardening rule on the cyclic 
behavior of granular soils is investigated with a parametric study. Finally, the new model is 
implemented in a finite element code developed to solve the coupled partially dynamic Biot 
formulation which is used to analyze a soil-column problem under surface excitation.   
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