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ABSTRACT 
A new approach for computing one-dimensional consolidation in layered soils is presented.  Traditionally, Terzaghi’s 
one-dimensional consolidation equation is solved using an explicit finite difference scheme.  The explicit approach 
requires that the timestep remains below some threshold that depends on layer thickness and permeability.  For 
scenarios with large permeability contrasts between layers, a large number of timesteps may be needed to reach a 
consolidated state.  The explicit method therefore becomes impracticably slow as the permeability contrast between 
layers increases.  To overcome this, an implicit approach may be used in which the timestep can be much larger.  The 
implicit solution is always stable, however for very short timesteps, the solution may be inaccurate.  A new method is 
presented here that uses the traditional explicit approach for short times, and then adaptively switches to an implicit 
solution to compute results at long times.  This hybrid strategy significantly speeds up the required calculation time 
without sacrificing accuracy.  Examples are presented showing the accuracy and speed of this new technique. 
 
RÉSUMÉ 
Une nouvelle approche pour le calcul unidimensionnel consolidation dans les sols stratifiés est présenté. 
Traditionnellement, Terzaghi's one-dimensional consolidation équation est résolu en utilisant un schéma explicite aux 
différences finies. L'approche exige explicitement que le reste de temps au-dessous de certains seuils qui dépend de la 
perméabilité et l'épaisseur de la couche. Pour les scénarios avec de grands contrastes de perméabilité entre les 
couches, des millions de timesteps peut être nécessaire pour atteindre un état consolidé. La méthode explicite devient 
donc impracticably lent que le contraste entre la perméabilité des couches augmente. Pour surmonter ce problème, une 
approche implicite peut être utilisé dans lequel le timestep peut être beaucoup plus important. La solution est implicite 
toujours stables, mais pour de très courtes timesteps, la solution peuvent être inexacts. Une nouvelle méthode est 
présentée ici qui utilise l'approche traditionnelle explicite pour les courts moments, et puis adaptative passe à une 
solution implicite de calculer les résultats à long temps. Cette stratégie hybride accélère de manière significative le 
temps de calcul nécessaire, sans sacrifier la précision. Des exemples sont présentés montrant la précision et la rapidité 
de cette nouvelle technique. 
 
 
1 INTRODUCTION 
 
When a load is applied to the ground surface (e.g. 
placement of fill or an embankment) some proportion of 
the stress is carried by the pore water, producing an 
excess pore water pressure.  As this pressure gradually 
dissipates, the load is transferred to the soil and 
downward displacement (consolidation) occurs.  For low-
permeability clays, this process may take many years and 
therefore simulation of this phenomenon is important in 
many engineering applications. 

The simplest and most common way to calculate 
consolidation in practice is to use the one-dimensional 
consolidation equation developed by Karl Terzaghi in the 
1920s.  The Terzaghi equation is a form of diffusion 
equation (like 1D heat flow) and can be solved 
mathematically for a homogeneous soil with drained or 
undrained boundary conditions.  For a layered soil, the 
solution can be approximated using finite difference 
techniques in which different properties are assigned to 
different layers. 

Many software products use an explicit finite 
difference calculation technique.  With this approach, the 
solution space is discretized in space and time.  The 
solution marches forward in time and assumes that 
information cannot propagate further than the adjacent 

spatial node over any one time step.  For this reason, 
time steps must be small to maintain stability.  The 
solution works well for near homogeneous materials and 
short timescales, but the computation time becomes 
prohibitive as the contrast between layers increases and 
timescales become long. 

It is also possible to solve the problem implicitly, such 
that the excess pore pressures at all nodes are solved 
simultaneously at the desired time using matrix inversion 
(Abid and Pyrah, 1988).  Since the problem can be solved 
at any time, there is no need to use small time steps and 
therefore the solution is much faster for long timescales.  
However with this approach there is a minimum timestep 
required to ensure accuracy. 

In general, it is possible to use the implicit approach 
exclusively, but if results are required at early times, it is 
necessary to run an explicit analysis until the minimum 
implicit timestep is reached. 

In this paper, it is shown how the explicit and implicit 
techniques can be used together to simulate 1D 
consolidation for layered soils.  At early times, the explicit 
approach gives accurate results.  These results are then 
used as the initial conditions for the implicit solution, 
which is used to compute consolidation at later times.  
Using these techniques in tandem overcomes the 
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