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ABSTRACT

Three-dimensional Biot’s consolidation is the most key problem in
geotechnical engineering. That is due to: (a) Biot’s consolidation problem can
reflect the composition of soil; (b) Biot’s consolidation problem can solve the
three displacement variables and one excess pore water pressure variable; (c)
Biot’s consolidation problem can reflect the four variables above vary with time.
The finite element method is one of the most popular numerical methods for the
solution to the consolidation problem. However, the amount of computer storage
and data preparation time required is usually large, especially for three-
dimensional problems. Most analyses are restricted to the axisymmetric or plane
strain problems, which involve only two spatial dimensions. The disadvantage
can be overcome by using the finite layer method for certain classes of problems.

The finite layer method makes use of the character of ground and its
calculation process is listed: (a) Split the ground into many layer elements along
the depth direction of soil stratum due to the different properties and use
polynomial approximation method to simulate, which is turned into realities
efficiently by computer; (b) Choose an appropriate series function in response to
the boundary condition to simulate the horizontal plane characters of soil stratum
(layer element), which has the same soil parameter for all points in a layer
element. Therefore, a three-dimensional problem can become a one-dimensional
problem, and the calculation work including pre/post processor, computing time
and memory will be reduced a lot.

The monograph has been complemented from the establishment of the
consolidation finite layer method to its application. The main contents are as

follows :

Three-Dimensional (3D) Biot’s Consolidation Finite Layer Analysis

This monograph presents a finite layer procedure for 3D Biot’s consolidation
analysis of layered soils using a cross-anisotropic elastic constitutive model. The

program is first verified using published results. Then, using this program, the
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influences of cross-anisotropy on the consolidation, settlement, and horizontal
displacement behavior are investigated by changing one model parameter at one
time. The results obtained using the cross-anisotropic elastic model are compared
with results using an isotropic elastic model. It is found that: (a) The cross-
anisotropy has very large influence on the consolidation behavior. Curves or
tables of the average degree of consolidation are obtained and presented. These
curves or tables can be easily used to estimate the consolidation behavior of a
cross-anisotropic soil. (b) Poisson’s ratio and the cross-anisotropic modulus ratio
have a little influence on the settlement, but much influence on the horizontal
displacement. (c) Ceasing some time during the construction process benefits the
dissipation of pore water pressure. (d) The depth less than twice the foundation
length is very efficient for decreasing settlement of foundation with finite depth
subjacent bed.

We use the relation between e-p curve and e-logp curve of the soil to present
the calculation method of elastic modulus. Adapting the above soil constitutive
model, nonlinear finite layer analysis is developed. The program is first verified
using published results of plate loading test. Furthermore, nonlinear
consolidation finite layer method is developed, and t'hq essence of Biot’s
consolidation is the principle of dynamic effective stress, th;t is R—Ria=[K']
{B}{B}.

Massive space 3D Biot’s consolidation problem can be analyzed by finite

layer method using the microcomputer.

Application of Consolidation Finite Layer Theory to
Soil Structure Interaction

We discuses two kinds of soil structure interactive problems, pile foundation
and pit foundation.

We establish elastic analysis of. pile-soil-interactive considering 3D Biot’s
consolidation first. Then, we analyze the published t-z curves and suggest a
general load transfer function, which can involve the published load transfer
functions and reflect some softening effect. Furthermore, nonlinear analysis of
pile-soil-interactive considering 3D Biot’s consolidation is established and
programmed. Taking the single pile, 4 piles and 9 piles with cap as examples, we
discuses the influence of the permeability coefficient, Poisson’s ratio, the ratio of

soil and pile modulus, loading mode on the consolidation behavior of pile soil
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interaction.

We derive the finite layer expression of the equivalent excavation load first,
and use a smart method to derive the stiffness matrix of excavation of pit
foundation(“@” domain), which can be calculated by subtraction the stiffness
matrix of excavation part (small “[1” domain) from the whole stiffness matrix
(Big “[1” domain). Therefore, 3D Boit’s consolidation finite layer analysis of
excavation problem of pit foundation can be established and programmed by
modifying 3D Biot’s consolidation finite layer analysis program above. The
calculation results show that it is necessary to research Poisson’s ratio and the
cross-anisotropic modulus ratio in order to get good calculation results of
horizontal displacement and to research consolidation behaviour in order to

predict rebound value of pit foundation well.
Settlement Prediction and Two Cases Study

The strict mathematical and mechanical derivation from peo+ p16=goe+q, ¢
and one-dimensional consolidation theory show that settlement-time curve
appears S shape first. Then the mechanism of S shape of the settlement-time
curve is analyzed in detail also. Settlement prediction method of Poisson curve is
put forward and proved well by the agreements of predicted results and measured
results for 4 published cases.

Two large-scale history cases (NUT library project and Tunnel cross
Huangpu River) are measured in field. The agreement of the measured results

and calculated results shows the rightness of the method above.
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