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Abstract. The present investigation examines how the properties of the double concave friction pendulum (DCFP) devices 
influence the seismic performance of isolated multi-span continuous deck bridges. The numerical simulations are carried 
out using an eight-degree-of-freedom model to reproduce the elastic behavior of the pier, associated to the assumption of 
both rigid abutment and rigid deck, and the non-linear velocity-dependent behavior of the two surfaces of the double 
concave friction pendulum isolators, under a set of natural records. 

INTRODUCTION 

The seismic isolation is one of the most used and efficient techniques able to improve seismic performance of both 
new or existing buildings [1] and infrastructures [2]. The main benefit to the bridges relates to significant reduction 
of forces transmitted from the deck to the piers under seismic event. In particular, the quantification of safety level of 
structures and road infrastructures [3] is a relevant research topic with special reference to areas subjected to high 
seismicity. For instance, different investigations focused on the analysis of seismic response of bridges equipped with 
isolator devices have been performed over the years [5-7], such as friction pendulum devices (FPS). The FPS bearings 
are able to make the natural period of the isolated bridge independent from the deck mass and allows significant energy 
dissipation under seismic motion thanks to friction on sliding surfaces [8]. The FPS devices can be realized with single 
or multiple concave sliding surfaces [9-10]. In particular, the use of double concave sliding surface friction pendulum 
devices (DCFP) have positive influence on the seismic response of isolated bridges as demonstrated by [11]. 

The present study investigates the effectiveness of the use of DCFP isolators to improve the seismic response of 
multi-span continuous bridges [12]. The structural response of the system under seismic excitations is analysed by 
means of an eight-degree-of-freedom (8-dof) model accounting for the reinforced concrete (RC) pier stiffness, the 
DCFP behaviour and the rigid RC abutment. The seismic action and related uncertainties are reproduced adopting a 
set of natural records. A non-dimensional parametric study is presented for some geometric configurations of the pier 
and of the DCFP isolators. The responses of the pier is monitored to determine effectiveness of the isolation system.  

DYNAMIC BEHAVIOUR OF ISOLATED MULTI-SPAN CONTINUOUS BRIDGES: 
NON-DIMENSIONAL EQUATIONS OF MOTION  

The structural behavior of the multi-span continuous deck bridge  isolated with DPCF devices (e.g., isolated three-
span continuous deck bridge) is reproduced by means of an 8-degree-of-freedom (8-dof) system as shown by Figure 
1: 5 degrees of freedom for the elastic RC bridge pier, 2 degrees of freedom for the two sliders of the DPCF bearings 
and 1 degree of freedom for the mass of the rigid RC deck. The non-dimensional governing equations of motion of 
the system in Figure 1 can be expressed, in line with the proposal described in [13], as follows: 
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with the following parameters denoting the mass ratios, the circular frequency of the isolated deck and of the i-th dof 
of the pier, the forces developed by the DCPS devices and the damping coefficient of the i-th dof of the pier:  
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The non-dimensional parameters 1 1 2 2, , ,a p a p depend on the velocities and are used as follows: 
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With reference to Figure 1, the peak response in terms of non-dimensional parameters (i.e., peak deck response, 

peak isolator global response and peak displacement at the top of the pier) can be expressed as:  
 

2 2 2 2 2
,peak ,peak 6 7 peak ,peak 1 2 3 4 5 peak

0 0 0 0 0

( ) ( )
, = ,

d d p

d d d d d p d d
u x u

u x x x u x x x x x
a a a a a

 
 
(22),(23),(24) 

 
 

 
 

300001-2

 02 Septem
ber 2023 13:12:10



  md 
  x7 

  x6     

  mp1 

DCFPa                                   DCFPp 

  mp2 

  mp3 

  mp4 

  mp5 

  msp   msa 

  xp,1 

  xp,2 

  xp,3 

  xp,4 

  xp,5 

  x8 
  Surface 1 

  Surface 2   Surface 2 

  Surface 1 
deck 

abutment 

pier 

 
FIGURE 1. Representation of the 8-dof model of the bridge. 

PARAMETRIC INVESTIGATION RESULTS 

This section describes the results of parametric analysis of the bridge system isolated with DCFP bearings (Figure 
1) considering a set of 30 ground motion records [14-15] and estimating the the mean value and dispersion of the peak 
displacement at the top of the pier. Specifically, the parametric analysis has been carried out considering the following 
structural properties: the parameters 

d d  and 
p p  are assumed, respectively, equal to 0% and 5%; the 

isolated bridge period Td varies in the range 2s, 2.5s, 3s, 3.5s and 4s; the RC pier period Tp equal to 0.2s [11]; the five 
pier lumped masses have been considered equal and, so, p  is equal to 0.1, 0.15 and 0.2 [11]; the two DCFP 

devices on the abutment and on the pier are identical (i.e., * * *
1 1 1a p  as well as sa sp s ) and the 

mass ratio s  is set equal to 0.005; 1 2/R R  equal to 2, 1,max 2,max/  equal to 4, ,max ,min/j j  (with 1,2j ) equal to 3; 

the parameter *
1  is assumed to vary in the range between 0 (no friction) and 2 (very high friction). 

 

 

 

 
(a) 

 

 

 
(b) 

FIGURE 2. Normalized displacement of pier top vs. and Td: median value (a) and dispersion (b). 
 
The non-dimensional parametric investigations have been carried out in Matlab-Simulink [16]. Figure 2 shows the 

statistics (GM and  values) of the non-dimensional peak response parameter considered. It is noteworthy that for very 
low *

1  values, 
puGM  decreases by increasing *

1 , whereas it increases for high *
1  values. Thus, there exists 

an optimal value of *
1  such that the peak displacement of pier top is minimized. In addition, 

puGM  decreases 

with both increasing  and dT . The dispersion shows a maximum value approximatively at the same value of *
1  

that gives the minimum of the geometric mean and increases with increasing both the mass ratio and dT . 
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CONCLUSIONS 

This paper analyzes the seismic performance of multi-span continuous deck bridges isolated with DCFP devices. 
The results show that there exists an optimal value of sliding friction coefficient for each surface of the DCFP device 
able to minimize the pier response. This optimal value depends on the bridge and isolator properties.  
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