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Numerical Formulation of Consolidation Based on Finite Strain Analysis
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Abstract

Embankments on soft ground experience significant deformation during time-dependent consolidation settlement, as
well as an initial undrained settlement. Since infinitesimal strain theory assumes no configuration change and minute strain
during deformation, finite strain analysis is required for better prediction of geotechnical problems involving large strain
and geometric change induced by imposed loadings. Updated Lagrangian formulation is developed for time-dependent
consolidation combining both force equilibrium and mass conservation of fluid, and mechanical constitutive equation
is written in Janumann stress rate. Numerical convergence during Newton’s iteration in large deformation analysis is
improved by Nagtegaal’s approach of considering the effect of rotation in mechanical constitutive relationship. Numerical
simulations are conducted to discuss numerical reliability and applicability of developed numerical code: deformation
of cantilever beam, two-dimensional consolidation. The numerical results show that developed formulation can efficiently
describe large deformation problems. Proposed formulation is expected to facilitate the upgrading of a numerical code

based on infinitesimal strain theory to that based on finite strain analysis.
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Fig. 1. (a) Vertical strain distribution under embankment, (b) Rotational strain under embankment, (c) Area update during compaction,

(d) Pure rotation of truss element
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Fig. 2. Configuration change during deformation
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(f) Comparison of rotational strain at T,=10
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