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ABSTRACT

Seismic sloshing in elevated water tanks creates some additional base moment,
which simultaneous with the effect of strong vertical acceleration of near-source
earthquakes may increase the P-A effect, as an important factor in seismic design
of these structures. This study was performed for finding out the extent of this
combined effect. First, an experiment was conducted to provide a set of results for
validating the finite element analysis (FEA) modeling, conducted as the second
part of the study. The test tank was cylindrical with a diameter of 60 cm, installed
on an innovative simple shaking table, capable of creating simultaneous
horizontal and vertical harmonic excitations. Different frequencies and water
depths were used in the tests. For verification, the maximum sloshing height was
measured and compared with FEA results. Several combinations of the
simulation attributes, including meshing method, element size and hourglass
factor, were considered to match experimental and numerical results. The verified
numerical modelling process was used for simulation of elevated tanks of actual
sizes for various water height to tank diameter and also tank height to tank
diameter ratios. Each of these cases was dynamically analyzed using seven
selected earthquakes, creating totally 126 cases. Numerical results indicate that
the sloshing height and the base moment could increase in average about 20%
and 10%, respectively, by considering the effect of earthquake vertical
acceleration. Finally, results of FEA were compared with those obtained by a
modified 3D Housner model, proposed by the authors, showing a good agreement
of 80% in average.
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