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Analytical Solution to One-Dimensional Consolidation
in Unsaturated Soils

QIN Ai-fang', CHEN Guangjin>, TAN Yongwei', SUN De an'
(1. Department of Civil Engineering, Shanghai University, Shanghai 200072, P.R. China;
2. Technical University of Catalunya, Barcelona 08034, Spain)

Abstract: An analytical solution of Fredlund s one dimensional consolidation equation in unsaturated
soil with a finite thickness under vertical loading and confinements in the lateral diredions was pre-
sented. The boundary contains the top surface permeable to water and air and the bottom imperme-
able to water and air. The transfer relations between the state vectors at top surface and any depth
was gained by using the Laplace transform and Cayley- Hamilton mathematical methods to the govern-
ing equations of water and air, Darcy slaw and Fick slaw. The excess pore-air and pore water pres-
sures and settlement in the Laplace transformed domain were obtained by using the Laplace transform
with the initial and boundary conditions; by performing the inverse Laplace transforms the analytica
solutions were obtained in the time domain. Finally, comparisons between the analytical solutions and
the results of the finite difference method indicate that the analytical solution was correct.

Key words: unsaturated soil; one dimensional consolidation; settlement; analytical solution; excess

pore-air pressure; excess pore-water pressure



