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ABSTRACT

The deeper understanding of the seismic hazard uncertainties is associated with the use of the
interval-valued probability concept [1]'. In this approach, opportunity distributions applied to
determine lower and higher probabilities (measures of necessity and opportunity). This
approach has been used in seismic hazard analysis. The natural extension of interval
probability is the concept of fuzzy probability. The concepts of fuzzy parameter and fuzzy
logic have been first proposed by Zadeh, and since then they have become the powerful tool
for modeling uncertainties of various practical engineering problems [2,3]%.

In fact, the probability distributions could never been assumed as known. They always
assumed, as a hypothetical, and the observational data processed by statistical methods,
including expanded sampling and modeling methods. It is possible to check the extent of
assumptions about the distribution were correct. It should be noted, that for such mathematical
modeling it is necessary to use fuzzy differential equations. Fuzzy approaches can’t replace
probabilistic models in seismic risk studies, but they could enrich them and expand their
scope.

In the paper, liquid storage tanks have been considered under seismic loads using fuzzy
vibration analysis. Relevant here is the description of the perturbation of the liquid free
surface in the vessel during sloshing caused by the earthquake [4, 5]*.
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For numerical simulation, the tank for storage of explosive liquids was modeled by a
cylindrical shell with the following parameters: filling level H = 1m, shell radius R = 1m,
shell thickness # = 0.01m, Young's modulus E = 2-10° MPa, Poisson's ratio v = 0.3, shell
material density p = 7800 kg/m3, fluid density po = 1000 kg/m3. It is assumed that the shell is
rigidly fixed to its contour. The characteristic frequency of seismic loading at magnitude 6
earthquake is equal to 2 Hz.

The rise dynamics of the free surface during the first 240 s of the earthquake has been shown
on Fig. 3b).

Fig. 3. Accelerogram and time-histories of the free surface elevation

The rise dynamics of the free surface during 240 s has been shown on fig. 3c). In this
research, it has been assumed that the horizontal and vertical components of the seismic
excitation have been described in the same way as shown on Fig. 3a).

It should be noted that the elevations of the free surface in time have been calculated at the
pointp = 1,0 = 0,z = {( p, 0) in a cylindrical coordinate system.

Presented data indicate the separation of the frequency spectra of fluid vibrations and elastic
wall vibrations. While the lowest frequency of wall vibrations is not close to the characteristic
frequency of seismic action during the earthquake of magnitude 6. So, it is permissible to
restrict ourselves to considerate the rigid reservoirs. However, the careful modal analysis is
required in each specific case.

Keywords: fuzzy method, sloshing, reservoirs, earthquake.
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