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ABSTRACT

Strength theory involves material strength theory and structure strength theory.
The research of structure strength theory and its application are of great theoretical
and practical value. A sensible and appropriate strength criterion can improve project
quality and durability, and thus bringing great economic and social benefit.
Sometimes the influence of structure strength theory is greater than that of the
calculation improvements. However, the existing analyitical researches of structure
strength theory are making progress slowly. Only one or two scattered single failure
criteria are used. Sometimes even unreasonable criteria are adopted. A general
variation law in structure strength theory is not given. The Unified Strength Theory
(UST) includes many existing major strength theories. Covering all areas of the
convex limit surface, it can be suitable for various engineering materials and gives a
series of orderly solutions. Therefore, the UST provides a powerful approach and
theoretical basis for structure strength theory. The application of the UST in
unsaturated soil is still blank and its application in the convergence-confinement
method of tunnel is only at the beginning. Systematic research is lacking in these
fields and the integrated effects of more other complex factors should be considered
according to specific application. In the framework of the continuum mechanics
theory and engineering application, systematic studies based on the UST are carried
out on the unsaturated soil strength theory and its application and the improved
application of the convergence-confinement method of tunnel, which can provide
important guidances for the structure design of geotechnical and tunnel engineerings.
The main contents and conclusions obtained in this dissertation can be summarized as
follows:

(1) The shear strength formulae of unsaturated soils are divided into four
categories. The characteristics and deficiencies of current research on shear strength
for unsaturated soils are analyzed. It is concluded that different expressions of suction
strength lead to the diversity of the shear strength formulae. The current condition and
full content of true triaxial tests for unsaturated soils are summarized.

(2) The UST of unsaturated soils under multi-stresses is established by means of
the concept of Twin Shear Stress. The UST of unsaturated soils not only includes the

UST of saturated soils and the strength theory of unsaturated soils based on the
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Mohr-Coulomb failure criterion, but also includes many other new failure criteria.
The limit loci cover all regions from the lower bound of the Mohr-Coulomb failure
criterion to the upper bound of the Generalized Twin Shear Stress strength theory and
can be applied to a wide variety of unsaturated soils. The UST of unsaturated soils is
validated by the rigid and flexible true triaxial tests. Meanwhile, the results show that
the circumscribed Drucker-Prager failure criterion can not reflect the true strength of
unsaturated soils and the UST of unsaturated soils can be a linear approximation of
the nonlinear Spatially Mobilized Plane (SMP) failure criterion.

(3) The analytical solutions of active and passive earth pressures, ultimate
bearing capacity and critical load for unsaturated soils are derived by means of
adopting a shear strength parameter which is fitted by high matric suction and the
unified shear strength solution of unsaturated soils under plane strain conditions. The
analytical solutions obtained in this dissertation are of wide theoretical significance.
The result based on the Mohr-Coulomb failure criterion is a special case of the
analytical solutions with the parameter b=0. A series of new solutions can be obtained
when the parameter b takes other values. When the matric suction is zero, the result
corresponds to the solution of saturated soils; with the lateral pressure coefficient
k,=1, the result of critical load corresponds to the condition where weight as a
hydrostatic pressure stress. The analytical solutions are verified with the
corresponding test results of active earth pressure and ultimate bearing capacity. A
number of parametric studies, including intermediate principal stress, high and low
values and distribution of matric suction, and the lateral pressure coefficient are also
carried out to investigate their effects on the analytical solutions.

(4) A new elastic-brittle-plastic analytical solution for stresses and displacements
of a deep circular rock tunnel obtained in this dissertation is a true theoretical
analytical solution. The integrated effects of intermediate principal stress, rock brittle
softening, dilatancy, radius-dependent Young’s modulus and different definitions for
elastic strains in the plastic zone are all taken into consideration. Therefore, the new
analytical solution is a series of results and can be simplified to a number of existing
solutions; meanwhile it also contains many other new solutions. Hence this new
solution has broad applicability and good comparability. The new solution agrees
reasonably well with the results of a secondarily developed numerical simulation and
another semi-analytical solution using the generalized non-linear Hoek-Brown failure

criterion reported in the literature.
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(5) Comparisons with other displacement release coefficients, support force
coefficients, an elastic numerical simulation and engineering monitoring data
available in the literature prove the accuracy and wide applicability of Vlachopoulos
and Diederichs’s (2009) displacement release coefficient, which is based on the
maximum radius of the plastic zone. Moreover, the results show that the
representative elastic displacement release coefficient as Panet (1995) underestimates
the support pressure; the representative plastic displacement release coefficient as
Hoek (1999) applies only to the tunnel with a relative radius R /r,=2; the support
force coefficient leads to a smaller support pressure and a larger stability deformation
of the surrounding rock.

(6) The differences anticipated from the convergence-confinement analysis
caused by the effects of different influence factors, spatial differences and different
support starting positions are discussed by two typical hard and soft rock masses. It is
found that the structure strength theory effect of tunnel is significant and the
corresponding weak support or light support can be used; the results of an
elastic-perfectly plastic model or ignorance of dilatancy will underestimate the range
of the plastic zone and the tunnel deformation, and hence less safety in the design; the
tunnel deformation and ground reaction curve calculated with the radius-dependent
Young’s modulus are between the upper and lower bounds, which reflects the gradual
change of the tunnel excavation unloading affect with distance; the third definition for
elastic strains in the plastic zone is preferred for its rationale and precision; there are
interactions between different factors; the support designed based on the support
pressure distant from the excavation face should not be arbitrarily move forward; a
reasonable and timely support should be designed according to the properties of the

surrounding rock.

Key W ords: Unified Strength Theory (UST), unsaturated soil strength, the
convergence-confinement method, analytical solution, intermediate principal stress,

matric suction, tunnel longitudinal deformation profile, support pressure
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