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With the rapid 'developm,ent of digital -computers, modeling a complete system consisted of
superstructures, a foundation and soils has became possible and necessary to conduct dynémic
analysis for the problems involved soil-structure interaction (SSD) in the field of geotechnical
Aengine'ering. Unfortunately, due to different aims between geotechnical engineering and structural
engineering, geotechnical ‘e.ngineers usually pay more- attention to the soil properties than to the
structures. Vise verse, structural engineers usuélly pay more aftention to the structural properties
than to the soils. As a result, in the simulations involved SSI, sophisticated'models describing
geome%ric and material nonlinearities are usually applied only in one aspect and another aspect is V
neglected. In this dissertation, we want to. improve the a,ccuracy of the FEM analysis for the
problems involved SSI by introducing nonlinear structural finite element schemes to geotechnical
engineering.

Firstly, a rigorous numerical method for analysis of geometfic and material nonlinear dynamic
behavior of space beams is introduced. In this formulation, the geometrical nonlinearity of structures
ais solved by a co-rotational technique, which has attracted many researchers’ attention in nonlinear

structural analysis. By this approach, rigid displacements can be removed from finite deformations.

" As to the material nonlinearity, an elasto-plastic constitutive model called “mixed strain hardening
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bilinear model” is employed based on the Von Mises y1eld criterion. The effect of shear stresses due

- to both transverse shear deformation and Sa1nt-Venant’s torsional shear deformation is mcluded in
the yreld criterion. Based on above two points, a Timoshenko beam element with thin-walled cross
section called TWSB, short for Thin-Walled Space Beam, is established, which has the ability to
deal with the analysis of the column or beam with a small length-section ratio by taking into
consideration the geometnc and material nonlmearlty Th1s beam element is coded and embedded
into a FEM program called DBLEAVES ’

‘Then, the framework of FEM dynarmc analysis theory for a complete system, which"consi'sts of
superstru‘cmres, a foundation and a ground, is discussed. In order to tal(e into account the interaction
between soil and water, a soil-water coupling two-phase field theory is ,addressed based on finite
deformation algorithm. The displacement of the solid %, and the pore Water pressure p, are-used as |-
the unknown variables. In the discretization of the governing equations in space, both FEM (Finite
Element Method) and FDM (Finite Difference Method) are used. And Newmark-3 method is used to

_realize’ the discretization of field equations in time. In order to describe the mechanical behavior of |

soils subjected to cyclic loading under undrained condition, a constitutive model called ‘cyclic
mobility model’ is presented briefly. A beam element for RC piles called ‘AFD model’ is addressed
subsequently, which can consider the axial-force dependency in the nonlinear moment-curvature
relationship. ‘ _

In order to investigate the. geometric and material nonlinearities of structures on SSI in |
superstructure-foundation-soil system subjected to cyclic loading, two- and three-dimensional FEM
dynamic simulations are conducted for an elevated bridge system, respectively. From the results of
calculation, it can be shown that large defomiations of superstructure can be traced in the whole
process of earthquake and the extra moment of superstructure respected to the bottom of pier will
become remarkable due to these large deformations. Furthennore, as the result of proper description
for the extra moment occurred in the superstructure, the external forces acting on the piles from the
superstructure could be evaluated more reasonably In the process of simulation, the soils near to the
group-pile foundation show very large shear strain compared with the soils in other areas. The soils
in far field, however, are less influenced by the soil-structure interaction. .

Therefore, in order to ensure the accuracy of dynamic analysis involved SSI problems in
geotechnical engineering, modeling a full system of superstructure-foundation-soil is necessary and
the individual nonlinearities of both the soils and the structures should be properly described
respectively. The work in this thesis provides us a tool to realize the above purpose. But it should be
pointed out that this study is just a beginning, and there are still other works to continue within this

framework in the future.
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