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ABSTRACT

ABSTRACT

The simplified analytical method is characterized by many assumptions and
simplifications, and it is not suitable for the analysis of complex bridge structures.
The numerical analytical method is studied to improve the precision and efficiency of
bridge structural analysis.

A plate bending element is derived from the familiar eight-node brick element.
To overcome the thickness locking, the degenerated solid approach is adopted by
modifying the elastic constitutive relation. User-defined local coordinate system is
established to conveniently introduce the incompatible modes. The formulation has
only translational displacement degrees of freedom and the geometry in the thickness
direction is correctly displayed. The element is suitable for the analysis of reinforcing
concrete bridge by calculating the element stiffness matrix over the subdomains.
Numerical examples show the applicability and effectivity of the element formulation.
And it can also be applied to the analysis of the pavement on orthotropic steel bridge
decks.

Another solid-plate finite element formulation, which takes account of the fully
three-dimensional stress state, is developed by directly assuming a quadratic
distribution of the normal displacement in thickness direction over the thickness. An
efficient revision scheme without using numerical volume integration is developed to
ensure the satisfaction of the patch test. The cracking situation of the closing segment
of the prestressed concrete box girder can be analyzed by this element. Additionally,
an analytical method for box girder is proposed by introducing the incompatible
modes into the in-plane displacements. Numerical results from the present method are
in good agreement with solutions obtained by other authors, though few elements are
used.

For complicated structures, this paper particularly proposes a so-called
assembled element on the basis of the above incompatible shell element, which may

consists of many plates/shells. Different materials and members can be included in a
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ABSTRACT

unique element. This allows us to use much less elements to model complicated
bridge structures such as the stiffened beam and steel-concrete composite bridges,
while it can still reflect various details such as the mechanical character, geometry,
spatial position, the contribution to the system stiffness and mass, of each member
involved.

The assembled element model, which reflects the creep characteristics of
concrete, is established by employing the generalized Maxwell viscoelastic model.
The time-dependent behavior of steel-concrete composite girder bridges is also
analyzed.

Three-dimensional free vibration analysis of Wenhui cable-stayed bridge is
conducted by using the proposed method. Numerical results are in good agreement

with experimental results given by other authors.

Key Words: analysis method for bridge structures, incompatible element, patch test,

shell element, assembled element, concrete creep, dynamic characteristic
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