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ABSTRACT

ABSTRACT

In recent years, there is a significant increase in underground project (including
tunneling and pit excavation) due to lack of space in urban areas. In urban areas,
many structures are supported on pile-raft foundations because they are widely
recognized as one of the most economical foundation systems. For more and more
underground project is constructed near the existing pile-supported structures,
estimating the addition deformations and forces in existing piles due to underground
project constructions become an important part of the underground project designing
process. Although there are some methods which are capable of analyzing the
response of single piles and pile groups due to tunneling in homogeneous soils, they
may give a significantly unreasonable prediction of pile responses in layered soils. No
analytical method for analyzing the responses of pile rafts due to excavations has been
published which due to the lack of methods to calculate the soil movements induced
by excavations. The reasonability of the results from FEM, which is now commonly
used to calculate the soil and pile responses induced by excavations, is strongly
depend on the input parameters. Considering these problems, the following researches
are conduct in this study:

1. Considering the limitation that the researches on pile raft foundations are
limited in pile raft foundations in homogeneous soils under a single load, an
analytical method for analysis of pile-raft foundations under complex load in
layered soils is developed in this study. Firstly, the stress and displacement solutions
for the symmetric and asymmetric problems in the multilayered elastic half space are
promoted in this study. Employing the finite difference method, an analytical method
for analysis of pile-raft foundations under complex load in layered soils is developed
based on the stress and displacement solutions for the symmetric and asymmetric
problems in multilayered elastic half space. Pile-pile, pile-soil, raft-pile and raft-soil
interactions are modeled in the method. The method is verified through comparing
with the results from existing methods and the results from FEM. In addition,
responses of pile-raft foundations under loads with different load components are
studied.

2. Employing a two-stage method, a simplified analysis method has been
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ABSTRACT

developed to estimate the movement and the load distribution of piled raft
foundations subjected to ground movements induced by tunneling based on the
stress and displacement solutions in layered soil. In this method, the Loganathan-
Polous analytical solution is used to estimate the free soil movement induced by
tunneling in the first stage. In the second stage, composing the soil movement to the
pile, the governing equilibrium equations of piles are solved by the finite difference
method. The interactions between structural members, such as pile-soil, pile-raft, raft-
soil and pile-pile interactions are modeled based on the elastic theory method of
layered half-space. The wvalidity of the proposed method is wverified through
comparisons with the results from some published solutions, DCFEM and centrifuge
tests. Good agreements between these solutions are demonstrated. The method is also
used for a parametric study to develop a better understanding of the behavior of pile-
rafts influenced by tunneling operation in layered soil foundations.

3. In order to solve the difficulty in defining soil parameters for FEM to
compute the soil responses induced by excavations reasonably, an inverse
analysis method coupled with FEM is employed to define soil parameters to
compute the soil responses reasonably based on HS and HSS model. Evaluation of
soil responses induced by excavation, which are now mainly computed by finite
element method, is required to estimate potential building damage caused by
excavations. Using proper soil parameters is a key ingredient when computing soil
responses, assuming the model represents the actual soil response in a reasonable way.
Soil parameters are usually identified from laboratory experiments performed on tube
samples or from in situ tests, but large uncertainties are associated with these methods
for most projects. Inverse analysis is a quantitative technique which allows one to
select parameters to fit the responses of soil from both laboratory tests and field
observations. The technique is applied to results of both laboratory experiments on
block and thin-walled tube samples and field performance data, all collected from an
excavation made through Chicago clays. Results of computed soil responses based on
the hardening soil model (HS) and hardening model-small (HSS) model found in the
computer code PLAXIS are compared to illustrate the problems likely encountered in
practical application of finite element simulations. Guidance is provided for selecting
parameters from laboratory tests to compute field responses for braced excavation

loadings. Based on the well chosed paremeters, soil movements induced by the
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ABSTRACT

excavaton are computed reasonably.

4. Based on the results from the FEM analysis mentioned before, a
simplified method has been developed to calculate soil movements induced by
excavations after the wall firstly. Then a two-stage method to analyze the
responses of pile raft foundations induced by excavations is developed. After
studying the reduction rules of the soil movements after the wall induced by the
excavation, a simplified method has been developed to calculate the free-field soil
movements induced by pit excavations based on the results of finite element methods
and the empirical methods for estimating wall deflections and ground settlements
after the wall. Then a two-stage method has been developed to analyze the responses
of pile-rafts subject to ground movements induced by excavations in layered soils.
The simplified method for analysis of free-field soil deformations and the two-stage
method for analysis of responses of pile-raft foundations induced by pit excavations
has been verified through comparison with the result from the finite element
method(FEM). Good agreements are demonstrated. And the two-stage method is used
to analyze the influences of the excavation depth, the maximum lateral deflection of
the wall, the distance between piles and the wall and the soil stiffness on passive pile-
raft foundations adjacent to pit excavations.

Finally, the main works and conclusions are demonstrated, and the problems for
further study are discussed.

KEYWORDS: Passive Pile-raft, layered soil, tunneling, excavation, underground

project, inverse analysis, HSS model, stress-probe tests
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