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Development of Macro-Element for the Analysis of Elastically Supported Plates
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Abstract

The superstructure of general bridge like slab bridge and slab on girder bridge is composed of
elastically supported isotropic plate. The objective of this study is to develop the new analysis method
for elastically supported plate with general edge beam or girder(boundaries) under arbitrary out of
plane loading. The displacement solutions for the macro-element of plate and beam are obtained by
solving for the unknown interactive forces and moments at the beam or nodal line locations after
satisfying equilibrium equation along the nodal line. The displacement functions for macro-elements are
proposed in single Fourier series using harmonic analysis, and the equilibrium equations of nodal line
are composed by using slope—deflection method. The proposed analysis method is programmed by
MS-Fortran and can be applied to all types of isotropic decks with bridge-type boundaries. Numerical
examples involving elastically supported plates with various aspect ratio, loading cases, and bridge-type
boundary conditions are presented to demonstrate the accuracy of this program. The major advantage
of this new analysis method is the development of a simple solution algorithm, leads to obtain rapidly
responses of bridge deck system. This proposed method can be used in parametric study of behavior
of bridge decks.
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Cross-Beam,

Intermediate suuport

>I| Unit Load

Load Transpormation to

Harmonic Series ¢
»= u=ga _»_ﬁg,,sin% <
+ P Compose Flexibility Matrix of Deck
—DI n-th Harmonic Loading | +
& Compose Stiffness Mat. of
Calculate Stiffress Factor of Slab Deck Cross-Beam, Inter. Support
kKoaQtTU v
‘ Determine the Reaction of
Cross-Beam, Inter. Support
Determine Fixed End Moment & *
Reaction due to n-th Harmonic Load
‘ Load Combination external force
with reaction force
Rigid Girder System |

Assemble the Equilibrium Equation

L 2
Calculate M, Roy'

v

Girder Deflection Effect
Assemble the Equilibrium Equation

v

A
Calculate Ma’, Fo

v

Determine Total Negative Moment
Ma + Ma®

No C-B, I-S -
—l Check the Tolerance | Determine the positive moment under

point load
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