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A THEORETICAL STUDY ON THE ANALYTICAL MODEL USED IN THE
SEISMIC DESIGN FOR UNDERGROUND VERTICAL SHAFT STRUCTURES
—ON THE UTILITY OF THE “3D-SOIL-AND-BEAM MODEL”—

Yukio SHIBA

The author has been studying on the analytical model and calculation method for use of seismic design
for underground vertical shaft structures, and improved the current and popular “beam-and-spring model”,
and verified practical performances of the new method. One of the most difficult problems remained for
completing the method is adequate modeling of “ground-spring”, mechanical part substituting sophisticated

dynamic soil-structure interaction.

In this paper, a new analytical model, “3D-soil-and-beam model” is discussed for the purpose to find a
way out of the “ground-spring” problem. This analytical model is composed of a vertical beam which sub-
stitutes the behavior of the underground shaft body, and 3D-FEM solid elements around the beam which is
built-up with solid elements of FEM and acts as “ground-spring”. The nodes of the beam and the nodes
of the surrounding soil ground are mechanically connected by numerical binding condition of “rigid-beam”.
Seismic calculation with this analytical model is done in the way of dynamic response analysis or static
technique like the GRAMBS(Ground Response Acceleration Method for Buried Structures). A several
examples of calculation with use of this new method are illustrated in this paper, and good performances

and utility of the method is shown.



