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Abstract 
 

In this research work a seismic base isolation system is studied. The analysed 

seismic base isolation system is realized by high damping hybrid seismic isolators. 

This isolator is obtained by the assembly in series of lead rubber bearing and a 

friction slider characterized by strong friction coefficient. The nonlinear dynamic 

behaviour is studied by analyzing the proper hysteretic cycles of the base isolation 

device. The analyzed base isolation device is intended to be able to work under the 

effects of strong dynamic and seismic events, whereas strong dynamic events are 

considered those characterized by high intensity and/or high frequency content. In 

this regard a nonlinear dynamic analysis is performed, and the structural behaviour 

of the base isolation device is suitably investigated. The analysis is intended so that 

the base isolation device can suitably perform under events characterized by high 

values of peak ground acceleration and events with high energetic content.  

The analysis is performed of the different phases of the mathematical behaviour of 

the base isolation device and the mathematical simulation of the base isolation 

device is properly illustrated.  
 

Keywords: base isolation devices, nonlinear dynamics, structural analysis, 

structural vulnerability, strong seismic events, hysteretic cycles.  
 

1  Introduction 
 

In the present work a base isolation device is illustrated for the mitigation of the 

vulnerability of structures subject to strong dynamic and seismic events. The 
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considered base isolation device is realized by high damping hybrid seismic 

isolators. The device is obtained by the combination in series of lead rubber bearing 

and a friction slider characterized by strong friction coefficient.  

In the present approach the structure is designed according to the proper seismic 

codes and the hysteretic effects are mainly designed to occur in the base isolation 

devices [1, 2, 3]. Accordingly, the hysteretic behaviour of the device considered is 

properly analyzed and investigated, see also [4-14]. For a dynamic analysis of a base 

isolated structures with irregularities in plan, see also [15, 16]. For an investigation 

of the comparative dynamic analysis of base isolated structures and the 

corresponding fixed base structures see also [17-22].  

Typically, in base isolated structures the adopted approach is based on the 

elongation of the vibration period of the structure. The dynamic behaviour of the 

base isolated structure is designed by assigning the period of the fundamental 

vibration mode to be positioned in the low part of the design response spectrum, so 

that the seismic forces applied to the base isolated structure are reduced with respect 

to those applied to the fixed base structure. However, this approach can fail in 

producing beneficial effects for example in case of dynamic events with high 

energetic content at low frequency, see e.g. [18].  

In such cases an approach with the limitation of the shear force applied to the 

structure can represent a useful alternative. The intent is to limit the shear force 

transmissible to the structure independently from the intensity and the frequency of 

the seismic event.  

In the present paper this intent is studied by analyzing a seismic base isolation 

system realized by high damping hybrid seismic isolators. Such isolator is obtained 

by assembling in series a lead rubber bearing and a friction slider characterized by 

high friction coefficients. The nonlinear dynamic behaviour of the structure is 

influenced by the suitable hysteretic cycles of the base isolation device.  

The analyzed base isolation device is intended to maximize its beneficial effects 

under strong dynamic and seismic events, such as dynamic events characterized by 

high intensity and/or high energetic content at low frequency. The nonlinear 

dynamic behaviour is studied by considering the hysteretic cycles of the base 

isolation device. A nonlinear dynamic analysis can be performed based on the 

structural behaviour of the base isolation devices. The different phases of the 

mathematical behaviour of the base isolation device are analysed and the 

mathematical simulation of the base isolation device is properly discussed.  

High damping rubber bearing isolators are typically adopted in base isolation 

techniques for structural analysis, see e.g. [23]. They can be used in series, see e.g. 

[24], or in parallel with sliding isolators, see also [25].  Linearized modelling of such 

devices are sometimes adopted to obtain simplified and more robust computational 

analyses. Conversely, lead rubber bearing isolators are also frequently used, see e.g. 

[26, 27] and they can also be used in parallel with friction isolators. They provide a 

greater dissipative capacity with respect to the high damping rubber bearings with 

more capacity to contrast base displacements.  

At variance with the system proposed by [28] in which a high damping rubber 

bearing isolator is positioned in series with the friction slider, in the present analysis 

a lead rubber bearing isolator is placed in series with the friction slider isolator. The 
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use of lead rubber bearing isolator instead of the high damping rubber bearing 

isolator provides a more stable behaviour and more dissipative capacity. This base 

isolation device is studied to analyse its performance with respect to the constitutive 

behaviour for the using in base isolation systems suitable for strong seismic events 

characterized by events with high intensity in terms of peak ground acceleration and 

events with high energetic content at low frequency.  
 

2  Modelling the constitutive behaviour of the components of the 

seismic device 
 

In the present section we consider the different components of the considered base 

isolation device, namely the lead rubber bearing and the friction slider. In fact, the 

considered base isolation device is composed by the assembling in series of a lead 

rubber bearing and a friction slider. The friction slider will be characterized by high 

friction coefficient, so that for low and medium seismic events only the lead rubber 

bearing will be activated, whereas for strong seismic events both the lead rubber 

bearing and the friction slider will be activated.  

The behaviour of the base isolation device is developed in different phases 

depending on the part of the base isolation that is activated. In the sequel we will 

specify the behaviour of the single components of the base isolation device and 

afterwards we will consider the behaviour of the global device considered as an 

assembling in series of the lead rubber bearing and the friction slider.  
 

2.1  Constitutive behaviour of the lead rubber bearing isolator 
 

The lead rubber bearing isolator is realized by rubber layers and steel layers. In the 

internal part there is a lead core. The constitutive model of the isolator is modelled 

by an hysteretic model described in [23]  

 

         (1) 

In the above expression the reacting force F of the isolator is expressed by a linear 

term depending on the yielding value of the force Fy and a hysteretic recall term. 

The shear deformation is γ, the shear deformation corresponding to Fy is γy, the ratio 

between the yielding stiffness and the elastic stiffness is , and Z is an hysteretic 

parameter depending on coefficients which define the shape of the hysteretic cycle.  

A lead rubber bearing isolator is represented in Fig.1 (left). A typical hysteretic 

cycle of the constitutive behaviour of the lead rubber bearing isolator is illustrated in 

Fig. 2 (left).   
 

2.2  Constitutive behaviour of the friction slider isolator 
 

The friction slider isolator is realized by steel plates and teflon bearings, see Fig. 1 

(right), and it allows the sliding between the plates. The friction sliders can be 

characterized by low, medium and high friction coefficients which typically range 

between 0.05 and 0.20.  
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Fig. 1: Lead rubber bearing isolator (left) and friction slider isolator (right). 

 

 

     
 

Fig. 2: Hysteretic cycles of the lead rubber bearing isolator (left) and of the friction 

slider isolator (right).  

 

 

 

The friction coefficient depends on the sliding velocity between the plates during the 

seismic event, the contact pressure between the plates and the temperature. For the 

constitutive behaviour of the friction slider isolator, the Coulomb law has been 

assumed in which the expression of the friction coefficient depends on the sliding 

velocity and on the minimum and maximum values of the friction coefficients 

during the event, see e.g. [24, 25],  

 

( ) bdr
efff

−
−−= minmaxmax

 

(2) 

in which   represents the friction coefficient, maxf  and minf  represent in turn the 

maximum (minimum) friction coefficient associated with high (low) sliding 

velocity, r  is the inverse of a characteristic sliding velocity, used to model the 

transition between maximum and minimum friction coefficients. The coefficient r  

can be determined experimentally and usually it does not exceed 100 s/m.  
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3  Global modelling the constitutive behaviour of the considered 

seismic device 
 

In our analysis we consider a seismic base isolator obtained by the assembling in 

series of a lead rubber bearing, see Fig. 1 (left), and a friction slider characterized by 

strong friction coefficients, see Fig. 1 (right). The constitutive behaviour of the 

component represented by the lead rubber bearing has been detailed in section 2.1, 

see Fig. 2 (left), whereas the constitutive behaviour of the component represented by 

the friction slider has been detailed in section 2.2, see Fig. 2 (right).  

The objective of this analysis is to consider a global seismic isolator which is 

composed by the two isolators which are placed in series, respectively a lead rubber 

bearing and a friction slider, which by working together are capable to cope with 

strong seismic events. In fact, the nonlinear dynamic behaviour of the structure base 

isolated by the considered global seismic isolator is influenced by the proper 

hysteretic cycles of the global base isolation device. The objective of this study is to 

investigate such hysteretic cycles which play an essential role in the isolation of 

structures when they are subject to strong dynamic events.  

For the seismic design of the structure, we consider that for seismic events 

associated to the Ultimate Limit States, such as Human Life Safeguard Limit State 

and Collapse Prevention Limit State, see the Italian seismic code NTC 2008 [29] and 

the Eurocode EC8 [30], only the lead rubber bearing isolator is activated by ensuring 

a nearly elastic behaviour of the structure above the base isolation (superstructure) 

so that all the hysteretic phenomena are localized in the isolation devices. For 

stronger seismic events, for instance those characterized by extremely high intensity 

values of the peak ground acceleration or high energetic content at low frequency, 

also the friction slider is activated. The analysis is performed by considering a 

limitation of the force strategy. Typically, it may be considered a maximum 

horizontal force between 10-20% of the total structural weight according to the 

design needs. After the extreme seismic events a recentring operation can be 

applied.  

The mathematical modelling of the global base isolation device can therefore be 

studied by considering the different phases of the constitutive behaviour of the 

global base isolation device, in particular fifteen different phases can be considered. 

For extended details on the mathematical modelling of the different phases of the 

constitutive behaviour of the global base isolation device see [18].  

In this analysis we consider the structure as a single degree of freedom system base 

isolated by the global base isolation device and subject to an harmonic horizontal 

force )sin()( 0 tftf =  where   is the frequency of the harmonic horizontal force. 

The global base isolation device is composed by a lead rubber bearing with a 

constitutive behaviour described in section 2.1 (characterized by an elastic 

component, and hysteretic damper and an equivalent viscous damper), and a friction 

slider placed in series with a constitutive behaviour described in section 2.2 

(characterized by a friction component).  

The force vs displacements diagram representing the hysteretic cycle of the single 

lead rubber bearing isolator is illustrated in Fig. 3. The force vs displacements 
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diagram representing the hysteretic cycle of the single friction slider isolator is 

illustrated in Fig. 4. The force vs displacements diagram representing the hysteretic 

cycle of the global base isolation device, composed by the placement in series of the 

lead rubber bearing and the friction slider, is illustrated in Fig. 5.   

 

 
 

Fig. 3: Hysteretic cycle of the lead rubber bearing isolator.  

 

 
 

Fig. 4: Hysteretic cycle of the friction slider isolator.  

 

 
 

Fig. 5: Hysteretic cycle of the global base isolation device, as composed by the 

placement in series of a lead rubber bearing and a friction slider.  

 

 

The force vs displacement diagram illustrated in Fig. 5 shows that the hysteretic 

cycle of the global base isolation device is characterized by an hysteretic response in 

which the top branch and the bottom branch are horizontal by providing a suitable 

limitation of the force which is transmitted to the above superstructure.  

This behaviour is an advantageous feature of the considered isolator since the 

isolator can be considered as an effective isolator in case of earthquakes 

characterized by particularly high intensity. Accordingly, a subsequent investigation 
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can furtherly be performed for the dynamic behaviour of the considered global base 

isolation device by a finite element analysis.  
 

4  Conclusions  
 

In the present research work a base isolation system has been analysed. The 

considered base isolation system is realized by the composition of a lead rubber 

bearing and by placing in series a friction slider with high friction coefficient. The 

objective is the research for a base isolation system able to cope with particularly 

strong seismic events, where strong seismic events are intended as the ones 

characterized by high intensity in terms of peak ground acceleration and high 

energetic content at low frequency which are known to be particularly challenging 

for base isolated structures.  

The adopted base isolation device is designed by considering the friction slider 

characterized by suitably high values of the friction coefficient, so that for seismic 

events comparable with the ones associated with the Ultimate Limit State, as defined 

by the seismic codes [29, 30], only the lead rubber bearing is activated. Whereas for 

stronger seismic events also the friction slider is activated. It is noted that in case of 

dangerous seismic events a recentring operation may be required, however such 

operation can be considered as required only for extremely strong earthquakes and it 

does not require any construction difficulties.  

In the work the different constitutive behaviour of the lead rubber bearing and of the 

friction slider have been illustrated. The considered base isolation device is realized 

by a composition of the two isolators. Accordingly, the constitutive behaviour of the 

considered global seismic isolation device has been investigated, and the force vs 

displacement plot of the hysteretic behaviour has been analysed. It has been shown 

that the global base isolation device can provide a limitation of the force strategy 

according to the requested objectives of the analysis.   

The considered global base isolation device can be furtherly investigated with a 

detailed finite element analysis and by considering the nonlinear dynamic behaviour 

of such device when properly used as a base isolation system for structures also 

characterized by plan irregularities. This further research work will be the object of a 

future research program.  
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