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Abstract: - The seismic protection of buildings by seismic isolation is continuously improving since many 
years. Many new materials and different shapes are contributing to the development of recent high 
performance devices. As seismic isolators installed between a structure and its foundation to protect it 
from damage due to earthquake shaking, double sliding bearings use the characteristics of a pendulum to 
lengthen the natural period of the isolated structure so as to avoid the strongest earthquake forces. They 
can protect structures and their contents during strong magnitude earthquakes, and architectural 
innovations are encouraged by the enhanced structural response achieved through seismic isolation. 
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1. INTRODUCTION 
 

 Seismic isolation is the most powerful tool of 
earthquake engineering pertaining to the passive 
structural vibration control technologies. It is meant 
to enable a building or non-building structure to 
survive a potentially devastating seismic impact 
through a proper initial design or subsequent 
modifications. In some cases, application of 
isolation can raise both a structure's seismic 
performance and its seismic sustainability 
considerably. Double sliding bearing (DSB) is a new 
generation of friction isolator that contains two 
separate concave sliding surfaces with different 
properties. The concept of a double sliding bearing 
represents the first documented proposal for a 
seismic isolation system. The 1870 US patent of 
Jules Touaillon describes a double concave rolling 
ball bearing. It took nearly 130 years since then to 
practically implement a double sliding isolation 
system. Hyakuda et al. (2001) presented the 
description and observed response of a seismically 
isolated building in Japan which utilized  bearings 
with sliding surfaces having equal radii of curvature 
and coefficients of friction. Tsai et al. (2005) 
described a bearing and presented experimental and 
analytical results on the behavior of the bearing 
under conditions of concave surfaces of equal radii 
and equal coefficients of friction at the top and 
bottom sliding surfaces. 
 
2.  DOUBLE SLIDING BEARING 
PRINCIPLES OF OPERATION 

 
The double sliding surfaces pendulum consists of 

a combined bearing where the rotation occurs on an 
internal surfaces while the translation happens on 
two concave surfaces. By a suitable combination of 

the sliding surfaces radius and the two sliding 
materials one can optimize the device response 
curve according to the theory of the paper (Fenzand 
et al.) by varying the stiffness and energy 
dissipation. In practice the device designer can 
activate firstly one sliding surface and only after a 
certain movement allows the motion on the second 
sliding surfaces obtaining a bilinear response curve. 

Sections through a double sliding bearing at the 
three stages of lateral displacement are presented 
below: 

 zero displacement; 
 

 
Figure 1. Double sliding bearing at zero displacement 

 
The bearing consists of two facing concave 

surfaces. The upper and lower concave surfaces 
have radii of curvature R1 and R2 , respectively, that 
might not be equal. The coefficients of friction on 
these two sliding surfaces are μ1 and μ2, 
respectively. An articulated slider separates the two 
concave surfaces. The articulation is necessary for 
proper distribution of pressure on the sliding 
surfaces and to accommodate differential 
movements along the top and bottom sliding 
surfaces. 

 displaced with sliding on the lower concave 
surface only; 
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Figure 2. Double bearing displaced with sliding on the 
lower concave surface only 

 
The bearing is shown to undergo sliding on the 

lower concave surface only. This is possible when 
the coefficient of friction on the lower sliding 
interface is less than the coefficient of friction on the 
upper sliding surface ( 2 < 1) . It is known that 
initially sliding occurs on the surface with minimum 
friction and is followed by sliding on both surfaces 
regardless of either the radii of curvature or the 
values of coefficient of friction of the two interfaces.  
 This condition of sliding on only one surface occurs 
upon initiation or reversal of motion and is typically 
of small displacement amplitude. 

In these cases, sliding will be at unequal 
displacement increments on the two surfaces 

 
 maximum displacement.  

 
 

Figure 3. Double sliding bearing at maximum 
displacement 

 
In Figure 3, it is shown that the maximum 

displacement capacity of double bearing is 2d, 
where d is the maximum displacement capacity of a 
single concave surface. Since sliding is possible on 
both concave surfaces, the displacement capacity of 
the DCFP bearing is substantially larger than that of 
a traditional Friction Pendulum bearing with 
identical plan dimensions. The displacement 
capacity of the bearing equals 2d, where d is the 
maximum displacement on a single concave surface. 
More information on the operation of the double 
sliding bearing proves that: 
1. The condition of sliding on one concave surface 
occurs only at initial movement and generally will 
involve only small lateral displacements. 

2. When sliding begin simultaneously on both 
concave surfaces, the restoring (spring) force Fr is 
given by  

u
hhRR

WF
2121

r                      (1) 

where W is the vertical compressive load on the 
bearing, 1h  and 2h  are the articulated slider and u is 
the total displacement of the bearing. 
The friction force fF is given by: 
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3. DOUBLE SLIDING BEARING FORCE-
DISPLACEMENT RELATIONSHIP 
 
Examining the free body diagram of the slider on the 
top concave surface in the deformed configuration 
shown in Figure 3, the forces acting on the slider 
are: 
1. The vertical load, W, acting at the pivot point. 
2. The lateral force, F1, transferred through the 
bottom part of the bearing and acting on the top part 
of the slider 
3. The friction force, Ff1, acting along the sliding 
interface. 
4. The resultant force of normal pressure acting on 
the sliding interface, S1. This must be off centre to 
satisfy moment equilibrium. Accordingly, the 
pressure distribution on the sliding interface is not 
uniform. 
5. Friction tractions along the spherical surface of 
the articulated slider. These tractions appear only 
when there is rotation of the articulated slider. This 
situation occurs only when friction is unequal at the 
two sliding interfaces, regardless of whether the two 
concave surfaces have equal or unequal radii of 
curvature. 
Considering equilibrium in the horizontal and 
vertical directions, the following relationships are 
obtained: 
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From geometry, the displacement of the slider on the 
top con cave surface, u1 is: 
 

1111 sinhRu                (4) 
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Figure 4. Free body diagram of slider in the deformed 
configuration. 
 
The force–displacement relationship that governs 
motion on one concave sliding surface is: 
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Similar analysis of equilibrium for sliding on the 
bottom concave surface yields: 
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Where 2F   is the force transferred through the top 
part of the bearing and acting on the bottom slider, 

2u  is the displacement of the slider along the 
bottom concave surface, 2fF  is the friction force 

acting along the bottom sliding surface and  2  is 
the angle of rotation of the bottom part of the 
articulated slider. 
   The radii of curvature are large compared to the 
displacements 1u  and 2u  such that angles 1  and 

2  are small and the following simplifications can 
be made: 
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Equations (7) govern the force–displacement 
relationship for the top and bottom sliding surfaces, 
of the double sliding bearing. 

The total displacement, u, (top plate relative to 
bottom plate) is the sum of the displacements on the 
top and bottom surfaces: 

21 uuu                              (8) 
 

Using Equations (5)–(8), the force–displacement 
relationship for the entire bearing is: 
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and the individual displacements on each sliding 
surface are: 
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Equation (9) was originally presented by Tsai et al., 
is valid only when sliding is simultaneously 
occurring on both concave surfaces. Consider the 
case where friction at the sliding interfaces is 
unequal, say 1fF < 2fF  . Upon application of 
lateral force, F, such that 1fF <F< 2fF , sliding will 
occur only on the surface of least friction. Motion 
will continue along only surface 1 ( 1u  =u, 2u  =0) 
until F = 2fF  , when sliding will begin on both 

surfaces. This occurs at a displacement u , given 
by: 
 

1112 hRu                    (11) 
 

where  1  = 1fF  /W and 2  = 2fF  /W are the  

coefficients of friction ( 1< 2 ) at the two sliding 
interfaces. Therefore, equation (9) is valid only 

when u  u . 
  Upon sliding on both concave surfaces, the strength 

of the bearing is equal to e W, where e  is the 
effective coefficient of friction, given by the 
equation: 
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4. CONCLUSIONS 
 

Since sliding can occur on both the upper and 
lower concave surfaces, the Double Sliding bearing 
has a displacement capacity that is substantially 
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larger than a traditional Friction Pendulum bearing 
of identical plan dimensions. This key feature of the 
behavior results in significant savings in terms of the 
material cost of isolators. This may also lead to 
seismic isolation being a viable option in 
applications where very large displacement demands 
would have precluded its use in the past. 

Moreover, there is the possibility of using upper 
and lower concave surfaces having different radii of 
curvature and coefficients of friction. There are four 
parameters that can be varied (R1, R2, 1 and 2) 
rather than just two (R and ) as with the traditional 
Friction Pendulum bearing, thereby offering more 
options to optimize performance. These possibilities 
can be exploited to improve performance of 
nonstructural components or to improve 
performance of structures during a seismic event. 
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