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Abstract

In the present work two different base isolation systems are analyzed for the
reduction of the vulnerability of irregular in plan structures under dynamic loadings.
The first considered base isolation system is realized by high damping rubber
bearings placed in combination with friction sliders. The second considered base
isolation system is realized by lead rubber bearings placed in combination with
friction sliders. Different recorded accelerograms with bi-directional ground motions
are employed in the analysis. A nonlinear dynamic analysis is performed by
determining the time history of the base shear of the superstructure, the time history
of the displacement at the base of the superstructure and the time history of the inter-
storey drift under the considered bi-directional seismic actions. Accordingly, a
comparative analysis of the different base isolation systems is performed and the
results are compared with the ones of the fixed base structure in order to actually
evaluate the effectiveness of the base isolation strategy.

Keywords: base isolation systems, dynamic analysis, nonlinear structural analysis,
structural vulnerability, irregular structures, bi-directional ground motions.

1 Introduction

In the present paper we analyze a three-dimensional base isolated structure under the
actions of dynamic loadings. A nonlinear dynamic analysis is performed for the base
isolated structure. In the present approach the base isolated structure is designed and
verified according to updated seismic codes in such a way that the superstructure is



kept under an elastic structural behavior and the hysteretic behavior is intended to
occur mainly in the base isolation devices [1][2][3]. Nonlinear hysteretic models are
used to properly investigate the cyclic behavior of the base isolation devices [4-14].
In the dynamic analysis we consider two different base isolation systems and
evaluate their performances with respect to the structural analysis of a base isolated
building with high irregularities in plan, see also [15][16].

2 Methods

In the dynamic analysis we adopt seismic excitations defined by recorded
accelerograms, so that the ground motions are characterized by bi-directionality. The
adopted isolation systems are realized by a combination of elastomeric bearings and
sliding devices. The first isolation system is characterized by high damping rubber
bearings placed in combination with friction sliders (HDRB+FS). The second
isolation system is characterized by lead rubber bearings placed in combination with
friction sliders (LRB+FS). A nonlinear dynamic analysis has been performed and
the results are compared for the evaluation of the seismic response of the structure
with each of the adopted base isolation systems. The structure with fixed base
response has also been considered in the dynamic analysis in order to compare the
seismic performance of the base isolated structure with the fixed base structure, see
also [17-22].

3 Results

In the dynamic analysis of the base isolated structure the time history of the base
shear of the superstructure, the time history of the displacement at the base of the
superstructure and the time history of the inter-storey drift are determined under the
considered bi-directional seismic actions. A comparative analysis is illustrated
between the base isolated structure with the two hybrid base isolation systems and
the corresponding fixed base structure, see Table 1. In the comparative analysis is
shown that lead rubber bearing isolators in combination with friction sliders
experience peaks of the acceleration slightly greater than the high damping rubber
bearing isolators combined with friction sliders. In the comparative analysis it has
been also shown that the structure base isolated by lead rubber bearing isolators in
combination with friction sliders experiences extremal values of the base
displacements which are lower than the values of the base displacements shown in
the structure base isolated by high damping rubber bearing isolators combined with
friction sliders.

Furthermore, the structure base isolated by lead rubber bearing isolators in
combination with friction sliders shows a more rapid damping with respect to the
structure base isolated by high damping rubber bearing isolators combined with
friction sliders.

Finally, the structure base isolated by both base isolation systems shows a drastic
reduction of the maximum base acceleration and a drastic reduction of the maximum
base shear with respect to the fixed base structure.



HDRB+FS LRB+FS FB

1410 1860 27932

585 826 16652

Table 1: Peak values of the base shear (kN) in X-direction (first row) and in Y-
direction (second row) for the structure with the base isolation system HDRB+FS,
the structure with the base isolation system LRB+FS and the fixed base structure FB
(seismic input: record 000199xa, Montenegro).

4 Conclusions and Contributions

In the reported analysis we have considered a three-dimensional structure
characterized by irregularity in plan and base isolated by different base isolation
systems. A first base isolation system is realized by lead rubber bearing isolators in
combination with friction sliders. A second base isolation system is realized by high
damping rubber bearing isolators in combination with friction sliders. A nonlinear
dynamic analysis has been performed for the structure base isolated by the two
hybrid base isolation systems. Nonlinear hysteretic models are adopted in order to
properly simulate the cyclic behavior of the base isolation devices. In the dynamic
analysis the behavior of the structure base isolated by the two different base
isolation systems has been determined and the performances of the base isolated
structures have been evaluated and compared with the results of the corresponding
fixed base structure.
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