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ABSTRACT 

A new control strategy which combines tuned mass damping (TMD) with base isolation (BI) concept 
is discussed in this paper by sununarizing the working properties of the dual control strategy. To 
visualize the relationships between dynamic variables and subsystems, block-diagram illustrations are 
used which provide a mechanical view of this control strategy. It is shown that the BI technique applies 
an open-loop control law and that TMD uses a closed-loop control law. Seismic performances of 
combined systems are swnmarized showing numerical response tests of models subject to some recorded 
seismic excitations in linear and non-linear range and to stationary Gaussian random processes. Control 
effectiveness of TMD in reducing seismic vibrations of base isolated systems is compared with that 
produced by adding damping in the isolation layer. 
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INTRODUCTION 

The tuned mass damper (TMD) can be considered to be a new version of the dynamic vibration 
absorber invented by Ftham in the United States in 1909 (Ftham 1909). As is known, the auxiliary tuned 
mass dampers system (Figure 1) is capable of reducing the main system response near the tuned 
frequency (Den Hartog, 1956; Ormondroy et a1., 1928) while the higher modes are marginally influenced 
{Chang et a1., 1980). 

During the last twenty years, TMD have been installed in a great number of tall buildings in many 
parts of the world, mainly in the U.S. and Japan, to reduce vibrations in main systems. The effectiveness 
of this system in reducing wind-excited structures is now well-established (Kitamura et al., 1988). The 
application of this methodology for the reduetion of seismic vibrations of systems fixed at the base leads 
to uncertain results: a good performance with large response reduetion in the case of excitations with 
strong components near the resonance was found by Villaverde in 1994 (Villaverde, 1994); in other cases, 
fixed-base structures under seismic excitations have general1y shown little or even no effect since the 
different frequency contributions are not attenuated (Kaynia et al. 1981). 

During the same period, research on base isolation (BI) system (Figure 2) has increased exponentially 
(Kelly, 1990; IASMIRT; 1991). A great number of buildings have also been constructed in this period 
using base isolation technique in many countries throughout the world. As is known, tile effectiveness of 
BI depends on the low-pass fiItering capacity of the frequency ranges where the earthquake energy is 
strongest and closest to the fundamental natural vibration frequency of the superstrueture. The filtering 
effect mainly influences the superstrueture inter-storey drifts concentrating large deformations into the 
isolation bearings. Therefore, the central problem of the BI strategy is that, under certain excitations, 
systems can undergo excessive displacements at the base. 

Observing that well-isolated system responses are dominated by the first-modal contribution and that 
TMD are able to reduce the fundamental vibration mode, a new idea of combining both properties into a 
uuique system has been proposed and investigated by Palazzo et al. (1994), (see Figure 3). The objeetive 
is to control the system response by only reducing the fundarnentaI modal contribution which is dominant 
in such systems. 

The positive behavior is due to the appropriate combination of three fundamcutal properties of the 
original systems: 

I. the reduetion in the ground motioo transmission to the superstructure; 

2. the vibration mode modificatioo due to the BI; 


































