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The research group is involved in the study of the
seismic behaviour of:
1.

flat-bottom silos containing grain material

2.

tanks containing fluids

GRAIN SILOS
According to Eurocode 8, the seismic design of
flat-bottom circular silos containing grain-like
material is based on a rough estimate of the inertial force imposed on the structure by the ensiled
content during an earthquake: 80% of the mass of
the content multiplied by the peak ground acceleration.
First, the research group performed analytical
considerations of the horizontal shear force mobilised within the ensiled material during an earthquake. The analyses were developed by simulating the earthquake ground motion with time constant vertical and horizontal accelerations and
were carried out by means of simple dynamic
equilibrium equations that take into consideration
the specific mutual actions developing in the ensiled grain. The results indicated a radically reduced estimate of this load suggesting that, in
practice, the effective mass of the content is significantly less than that specified by Eurocode 8
(Figs. 1 and 2).
Second, a series of laboratory tests were developed at the EQUALS Lab of the University of
Bristol (UK) that featured shaking table and a silo
model. The tests were conducted in order to obtain some experimental data to verify the proposed theoretical formulations and to compare
with the established code provisions. Several tests
have been performed with different heights of
ensiled material – about 0.5 mm diameter Ballotini glass – and different magnitudes of grain–
wall friction (Fig. 3). The results indicate that in
all cases, the effective mass is indeed lower than
the Eurocode specification, suggesting that the
specification is over conservative, and that the
wall–grain friction coefficient strongly affects the
overturning moment at the silo base (Fig. 4).

Fig. 1. Vertical longitudinal section of the silo
model and forces (Silvestri).

Fig. 2. The red portion is the amount of grain that
is completely sustained by the lateral walls of the
silo (Silvestri).

Fig. 3. Shaking table tests at the EQUALS Lab of
Bristol (UK) (Silvestri).
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Fig. 4. Comparison between the experimental
overturning moment and the predicted values by
the theory and by the Eurocode 8 methods (Silvestri).
LIQUID TANKS
The research group studied the behaviour of fluid-containing tanks during ground-motions. In
particular models based on the added mass method were developed in order to carry out nonlinear dynamic analyses aimed at predicting the
onset of buckling on steel tanks (Fig. 5). The
methods developed were used to investigate the
efficiency and sufficiency of various groundmotion intensity measures. Fragility curves were
then derived, using non-linear incremental dynamic analyses, for a set of case study tanks. The
research group has also collected a large database
containing information on the damage level and
the loss of content in tanks struck by earthquakes.
Those data are being used in order to derive parametric fragility models. The group has also proposed a procedure for the seismic-related quantitative risk analysis of industrial plants. Uncertainties are propagated, in the proposed procedure,
using the theory of fuzzy sets.
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Fig. 5. Numerical simulation of the buckling of a
cylindrical tank during a ground-motion (Buratti).
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