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Abstract 
Proposed in this study are several innovative seismic isolators consisting of rubber materials that are called adaptive rubber 
bearings because of their adaptive characteristics. The materials used in the proposed isolators are free of lead which is 
commonly found in lead rubber bearings. The lead material results in heavy environmental burden and lower yield strength 
and damping due to rising temperature during earthquakes, causing larger displacements than we would expect. The 
designed mechanisms in the proposed isolators enable these devices relatively easily manufactured and also provide 
extremely high damping to the bearings, which is highly desired by engineers in practice. The proposed rubber bearings are 
completely passive devices yet possess adaptive stiffness and damping. The change in stiffness and damping is predicable 
and can be calculated at specifiable and controllable displacement amplitudes. The major benefit of the adaptive 
characteristic of seismic isolators is that a given system can be optimized separately for multiple performance objects at 
multiple levels of earthquakes. In this paper, mathematical formulations have been derived to explain the mechanisms of the 
proposed devices. Experimental results are also provided to verify the advanced concept of the proposed devices. 

Keywords: seismic isolation; rubber bearing; base isolator; adaptive rubber bearing; high damping rubber bearing 

1. Introduction 
Base isolation technology that lessens the seismic responses of a structure by inserting a flexible connection 
between the structure and the ground, which is necessary to transfer the natural period of a structure from the 
predominant period of the ground, has been recognized worldwide as a promising technique to protect existing 
and new structures from earthquake damage. This has been verified through extensive experimental and 
numerical studies as well as field measurements taken during earthquakes. Among the techniques [1-4] 
achieving a flexible connection and having gained acceptance, three types of popular seismic isolation systems 
have been proven to reduce the seismic responses of structures and equipments efficiently. These are the 
elastomeric bearing-based [5-7], sliding-based [8-16], and rolling systems [3, 4]. In 1869, the American L. 
Sterne [3, 17], stated concerning his invention as shown in Fig. 1: "My invention consists of a novel construction 
of spring, more particularly applicable to or as buffers, bearing and drawing springs for railway purposes, which 
is of the character of a pneumatic rubber spring, and is made or built up of soft India-rubber rings, and circular or 
other suitable shaped metal-plates, the rubber rings being chemically united to the plates during the process of 
vulcanization, and being alternately arranged in relation to said plates, ..." This device was proposed as a bearing 
for railway purposes. It was not intended as a means for seismic isolation. However, it already represented an 
embryonic form of chemically uniting alternately arranged plates and rubber layers during the process of 
vulcanization and curing. It could function as a modern seismic isolator. In 1978, W. H. Robinson of New 
Zealand [7] increased the damping ratio of the device by inserting a lead core into the center of the system 
proposed by Sterne that included alternately layered rubbers and steel plates. Robinson's lead rubber bearing 
(LRB) could be, if made up-to-date, the most popular rubber bearing for use in engineering applications in the 
world. However, the lead material used in a LRB results in heavy environmental burden as well as lower yield 
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strength and damping resulting from rising temperatures during earthquakes. The lower damping causes larger 
displacements than we would expect. 

 

Fig. 1 – L. Sterne’s original patent (1869) 
 
  In this study, several new types of seismic isolators composed of rubber materials and called adaptive 
rubber bearings (ARBs) are proposed to solve the aforementioned problems encountered by LRBs. These 
isolators use nature-friendly materials and are free of lead. The proposed rubber bearings are completely passive, 
yet possess adaptive characteristics of stiffness and damping. Their change in stiffness and damping is 
predictable and can be calculated at controllable displacement amplitudes. In addition to achieving adaptive 
behavior, the proposed rubber bearings possess an extremely high damping ratio of approximately 60% at small 
displacements according to experimental results (referred to Section 4) to improve the performance of a structure 
in terms of acceleration response and isolator deformation if low frequency is dominant in the ground motion, as 
well as achieve medium to high damping ratios for ground motion with dominant high frequency content by 
adopting different sizes or materials of sliding plates at individual layers (experimental results are not presented 
in this paper due to the page limit). Therefore, the damping ratio of the ARB is adjustable and dependent on the 
demands of engineering, which is desired by engineers in practice. In this study, mathematical formulations are 
derived to explain the mechanism of the proposed bearings. In addition, experimental results are provided to 
verify the concept proposed devices. The proposed isolators have the following advantages when compared to 
the LRB: (1) uses environmentally friendly materials, (2) has fewer temperature rising problems, (3) distributes 
uniform force without stress concentration at specific areas of the energy absorption core, (4) has much higher 
damping, (5) possesses adaptive characteristics, (6) is easier to manufacture, (7) is lighter, (8) allows for the 
deformation of rubber layers to be optimized individually for multiple performance objects at multiple levels of 
earthquakes, and (9) has independently adjustable vertical stiffness obtained from combinations of various 
materials of sliding plates without coupling with the horizontal stiffness provided by rubber. 

2. Major Concepts of Proposed Rubber Bearings 
An LRB adopts the heavy metal of lead to absorb vibration energy by yielding the lead material that produces a 
major burden on the environment. The yield point of the lead material is a function of ambient temperature and 
rising temperature from heat derived from absorbed seismic energy. To solve the aforementioned problems 
encountered by the LRB, a series of innovative seismic isolators have been proposed [18, 19]. The major 
concepts behind the proposed isolators are described as follows. As shown in Fig. 2, the seismic isolator consists 
of alternate rubber layers and shim plates that act as traditional rubber bearings. However, the major contribution 
of the proposed device is the new sliding core, which includes multiple sliding plates used at each rubber layer to 
produce multiple sliding surfaces that are located between and confined by two adjacent shim plates. This aids in 
leveling the arrangements of shim plates and rubber materials during manufacturing processes. These sliding 
plates also distribute the displacement of a single rubber layer into multiple sliding interfaces and smooth the 
sliding motion during earthquakes. This leads to a smaller displacement and reduces the amount of heat derived 
from the friction of the sliding motion on each sliding plate of a single layer. The friction coefficient can be 
different from one sliding interface or rubber layer to another, which is necessary to control the time required to 
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initiate the sliding motion of a sliding plate or rubber layer. No deformation occurs in a rubber layer during 
sliding motion on the sliding surface if the horizontal force is less than the frictional force at any sliding interface 
of that layer. When the horizontal force overcomes the frictional force of the interface in a specific layer, the 
layer is subjected to shear deformation. In addition, a sliding motion occurs on the interface of two adjacent 
sliding plates to provide damping as a result of the frictional force on this sliding interface. The multiple sliding 
plates are confined between two adjacent shim plates to smooth the sliding motion and achieve adaptive 
functions based on the design of friction coefficients of these sliding interfaces. The sliding surfaces of each 
layer of the sliding core provide the device with adaptive functions and produce high damping effects. This is 
accomplished by controlling the deformation contribution of the rubber layer based on the predesigned frictional 
force on each sliding surface. No deformation or sliding motion will occur at a specific rubber layer if the 
horizontal force of the device is smaller than the frictional force of a sliding interface in that particular layer. The 
layer will not induce damping in the system. In addition, the stiffness of the particular layer will be infinite. Any 
one of the sliding interfaces in a specific rubber layer will be activated and begin sliding to produce damping if 
the horizontal force is greater than the frictional force of this particular sliding interface of this layer. 
Simultaneously, the rubber within the activated sliding plate in this activated layer will begin to deform, which 
will contribute to damping and flexibility or stiffness. The mechanical behavior of the entire seismic isolator is 
based on the series connections of activated layers. The major parameters for controlling the adaptive 
characteristics of the entire system are the friction coefficient and sustained vertical load at each sliding 
interface.  

 
 

hi

Sliding Plates

Sliding Core

Rubber Layers

ith Layer

Shim PlatesEnd Plate

Sliding Interface

 
Fig. 2 – Cross sectional view of the first type of adaptive 

rubber bearing (3 sliding plates in  each  layer) 

Limiting Flange Sliding Plates

Rubber Layers Shim PlatesSliding Core  
Fig. 3 – Cross sectional view of the second type of 

adaptive rubber bearing with three sliding plates having 
limiting flanges at each layer 

 

 Figures 3 and 4 show an annular limiting flange at the edge of the sliding plate. This is used to limit 
displacement to a predesigned value at a single layer of the second type of ARB. Figure 4 demonstrates that the 
lower sliding interface on Sliding Plate 2 reaches its displacement capacity in order to stop sliding motion and 
rubber deformation at the lower part of the ith layer of the isolator. When the displacement of the sliding interface 
reaches this predefined value, the sliding motion of the sliding interface on this layer will stop and a certain 
amount of rubber thickness dominated by this sliding plate will be unable to contribute its deformation and 
flexibility to the layer and to the whole device. Therefore, the stiffness of the entire seismic isolator will 
increase, thereby reducing the isolator displacement during a massive earthquake by excluding the flexibility of 
this particular layer. This means that selecting proper materials for the sliding plates and setting controllable 
displacement limits at sliding interfaces are crucial to achieving optimum designs for multiple levels of ground 
motion. The damping effect of the entire system is the sum of contributions from friction that occurs at the 
activated sliding interfaces and the deformation of rubber layers. The stiffness of the whole device derives from 
the connection of series of active rubber layers provided that the horizontal force overcomes the frictional force 
and a layer’s displacement remains within the displacement limit. 
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Fig. – 4 Sliding motion of sliding plates with limiting 
flange and rubber deformation in a single layer (two 

major sliding interfaces ) 
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Fig. – 5 Forces in a typical single layer of isolator 

 

 In general, the adaptive functions can be achieved by adjusting the friction coefficients, predefined 
displacement capacities, and sizes of sliding plates such as diameter and thickness, as well as the thickness and 
material properties of rubber layers. These in turn adjust the vertical stiffness, sustained vertical loads, and 
frictional forces on the sliding plates and sliding interfaces. Many possible combinations of the aforementioned 
parameters can be adjusted to achieve multiple performance targets at multiple levels of earthquakes. The 
following facts should be noted regarding the proposed device and its features. First, the device can more easily 
generate different thicknesses of rubber layers because the sliding plates in each layer can provide adequate 
support in leveling shim plates and rubber layers during the vulcanization and curing processes. Second, the total 
thickness of the sliding plates at each rubber layer will be the thickness of the rubber layer. Third, the sliding 
plates will be helpful in sustaining vertical load as a result of their high strength and rigidity in the vertical 
direction. Fourth, the sliding displacement at each sliding interface is equal to the displacement at each rubber 
layer divided by the total number of the sliding layers at each rubber layer. Fifth, the sliding displacement of 
each sliding plate will be extremely small compared to its diameter or length because multiple sliding interfaces 
are arranged in each rubber layer to distribute sliding displacement. Finally, the absorbed seismic energy in the 
sliding core will be distributed to sliding interfaces without causing a significant rise in temperature because heat 
produced by the sliding motion at each sliding interface will be uniform and reduced. This reduced heat results 
from a considerably smaller sliding displacement that occurs at each sliding interface without bending occurring, 
unlike lead deformation in the LRB. The materials used by ARBs have much higher specific heat than that of 
lead material used by the LRB that is equal to 0.033. 

3. Effective Stiffness and Equivalent Damping of ARB 
This section describes the mathematical formulations necessary to illustrate the major concepts of the proposed 
isolator. Figure 5 shows the forces in a typical single layer. The rubber layer and multiple sliding plates of the 
sliding core in a single layer are connected in parallel. Therefore, the total horizontal force, iF , in a single layer 
is the sum of the shear force of the rubber and the frictional force of the sliding plate and given by:  

 i
i
effi

fi
eff

ri
efffirii ukukkffF =+=+= )(

 
(1) 

where fri denotes the shear force of the ith layer of the rubber material; ffi represents the frictional force of the 
sliding interface; ui  is the relative displacement between the top and bottom of the ith layer; ri

effk denotes the 
effective stiffness of rubber material in the ith layer, as shown in Fig. 6; and fi

effk is the effective stiffness of the 

sliding plate in the ith layer, as shown in Fig. 7. In addition, i
effk  is the total effective stiffness of the ith layer, 
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which means that fi
eff

ri
eff

i
eff kkk +=  and i

i
r

i
r

ri
eff hAGk /=  [5], where i

rG , hi, and i
rA  are the shear modulus, thickness, 

and cross-sectional area of rubber in the ith layer, respectively. 

 
Fig. – 6 Hysteretic loop of a single layer of rubber 

material 

ui

ffi kfi
eff

Waiiµ

 
Fig. – 7 Hysteretic loop of sliding core in a single 

layer 

 

 The total enclosed area, Ai, of the force-displacement loop of the ith layer is the sum of the rubber, Ari, and 
the sliding plates, Afi. This is given as:   

firii AAA +=
 

(2) 

 As Fig. 6 shows, the enclosed area of the force-displacement loop of the sole rubber of the ith layer is 
given by: 

rii
ri
effri ukA ξπ 22=

 
(3) 

 where ξri is the equivalent damping ratio of the sole rubber in the ith layer. 

 As shown in Fig. 7, the enclosed area of the force-displacement loop of sole sliding plates of the ith layer is 
obtained as: 

iiifiifi uWafuA )(44 µ==
 

(4) 

where ai denotes a percentage of the total vertical load sustained by the sliding plates (this is derived in a later 
section); and W represents the total vertical load on the seismic isolator resulting from the dead load and the 
occurrence of an earthquake. 

 The effective stiffness of sliding plates of the ith layer, fi
effk , is given by: 

i

ii

i

fifi
eff u

Wa
u
f

k µ
==

 

(5) 

   The total effective stiffness of the ith layer, which includes the rubber and sliding plates, can be expressed 
as: 

i

iiri
eff

i
eff u

Wakk µ
+=

 

(6) 

 The total area of the isolator enclosed by the hysteretic loop of the device, A, is the sum of the areas 
enclosed by the active rubber layers and the friction forces of the activated sliding interfaces in the sliding core. 
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  If the nth layer is not activated, the total area is obtained by excluding the effects of the nth layer by means 
of the following. 

( ) ∑∑
≠
=

≠
=

+=+=
N

ni
i

iiirii
ri
eff

N

ni
i

firi uWaukAAA
1

2

1
)42( µξπ

 

(7) 

where N is the total number of layers in the device. 

 The total horizontal force of the ith layer is given by: 

iii
ri
effi

fi
eff

ri
effi WaukukkF µ+=+= )(

 
(8) 

 Rearranging Eq. (8) yields a relative displacement between the top and bottom of the ith layer. We thus 
derive the following. 

ri
eff

iii
i k

WaFu µ−
=

 

(9) 

 If the horizontal force sustained by the sliding plates is smaller than the frictional force at the nth layer, 
nnWa µ , the total displacement u of the isolator is equal to the sum of the displacements of all layers except for 

the nth layer and given by: 
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  (10)  

 The total horizontal force of the entire isolator can be obtained with the aid of Eq. (10) by the following. 
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  (11)  

 If the horizontal force sustained by the sliding plate is smaller than the frictional force at the nth layer, 
nnWa µ , or the displacement of a particular layer reaches the predesigned displacement capacity of this layer, the 

total stiffness of the rubber layers of the isolator, rb
effK , is a result of all layers of sole rubber materials connected 

in a series by excluding the contribution of this particular layer, which is inactive. This is derived as: 
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  (12)  

 The total horizontal stiffness of all layers of sole rubber materials, rb
effK , in the whole device, excluding the 

contribution from the nth layer, can be expressed with the aid of Eq. (12) as: 
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  (13) 

 Substituting (13) with (11) leads to: 
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  (14) 

where the equivalent frictional force of the entire system, f
effF , is given by:  
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  (15) 

 The relative displacement between the top and bottom of the ith layer can be obtained by substituting Eq. 
(14) with Eq. (9) to arrive at: 
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  (16) 

 Substituting Eq. (16) with Eq. (4) results in an enclosed area of the force-displacement loop of the sliding 
interfaces in the ith layer such that: 
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 The enclosed area of the force-displacement of the sole rubber of the ith layer can be obtained with the aid 
of Eqs. (16) and (3) to arrive at: 
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 Substituting Eqs. (17) and (18) with Eq. (7) leads to the equivalent damping ratio of the entire isolator 
provided that the nth layer is not active. This yields: 
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  (19) 

 The vertical stiffness of the sole rubber in the ith layer is given by the following [5]. 
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i
i

h
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  (20) 

where 

7 



16th World Conference on Earthquake, 16WCEE 2017 

Santiago Chile, January 9th to 13th 2017  

λ26 SGE i
r

i
r
=

 
  (21) 

Here, S denotes the shape factor of the ith layer of rubber and is equal to ( ) i
i
c

i hDD
r

4/−  for a circular cross section. 
In addition, λ is a parameter of the rubber layer to define the vertical stiffness of rubber and is given by [5]: 
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  (22) 

where i
r

D  and i
cD  are the diameters of the rubber layer and sliding core of the ith layer of the isolator, 

respectively, as shown in Fig. 5.  

 The sliding plates in a single layer are connected in a series to yield the vertical stiffness of the ith layer of 
the sliding core as: 
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  (23) 

where M is the total number of sliding plates in the ith layer (a single layer with multiple sliding plates) and fj
fVk  

is the vertical stiffness of the jth sliding plate in the ith layer of the sliding core. 

 The ratio of the vertical stiffness of sliding plates in a single layer to that of the total vertical stiffness of 
the ith layer, which is the percentage of the total vertical load to be sustained by the sliding plates in a single 
layer, can be obtained as: 

i
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  (24) 

 The total vertical stiffness of the ith layer, i
Vk , is the sum of the vertical stiffness of rubber and sliding 

plates, given as: 
i
fV

i
rV

i
V kkk +=  

  (25) 

 The total vertical stiffness of the entire isolator is obtained by connecting all layers in a series using: 
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 In the case of identical material properties including those of rubbers and sliding plates in all layers, we 
have a=ai and μ=μ i to yield the following [19].  
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where ai is the percentage of the total vertical load to be sustained by the sliding core. 

 The effective stiffness of the entire isolator, which combines rubber layers and the sliding core, is obtained 
by: 

u
aWKK rb

effeff
µ

+=
 

 

  (28) 
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 As seen in Eq. (27), the equivalent damping ratio of the entire system approaches 63.7% whereas the 
displacement is approximately equal to zero. In addition, the equivalent damping ratio of the device approaches 
that of the sole rubber layers of the whole isolator if the displacement becomes extremely large. This is one of 
the advantages of this device, which provides a great value of damping ratio resulting from the sliding motion of 
sliding interfaces in the sliding core. The major parameters from Eq. (27) that influence the equivalent damping 
ratio of the entire isolation system are the following: the effective stiffness of all layers of rubber, sustained 
vertical loading of the sliding core, friction coefficients of sliding interfaces, equivalent damping ratio of rubber 
layers, and isolator displacement. The more the sustained vertical loading of the sliding core and friction 
coefficients of sliding interfaces are, the higher is the equivalent damping ratio. The reduced stiffness of sole 
rubber layers will increase the equivalent damping ratio of the isolator. The greater is the displacement, the 
smaller is the contribution from sliding motion and the larger is the contribution from rubbers to the equivalent 
damping ratio. The derived Eq. (27) reveals that softer rubber material, a higher friction coefficient, and greater 
vertical stiffness of the sliding core results in a higher damping ratio. If no damping ratio for rubber exists, if the 
effective horizontal stiffness is equal to W/R, such as in a friction pendulum system, and if all vertical load is 
sustained by sliding plates, then the equivalent damping ratio of the entire isolator will be 

)]//()[/2( Ruiie += µµπξ . This is identical to the equivalent damping ratio of a single friction pendulum 
system or a multiple pendulum system, where R is the radius of the sliding concave surface of the single friction 
pendulum system [8, 10-13]. 

4. Experimental Results and Discussion 
 In this section, test results of scaled ARB specimens are presented to verify the concept proposed in this 
study. As shown in Fig. 8, the tested bearing of the first type was 140 mm in diameter, and had a 3-mm cover, a 
sliding core of 45 mm in diameter, rubber of 5 mm in thickness in each layer, and a shim plate of 2 mm in 
thickness. Three sliding plates were included in each layer, including two each with 1.5-mm acetyl or 
polyoxymethylene (POM) and one steel plate of 2 mm in thickness, to total 5 mm that was identical to the 
thickness of the rubber layer. These sliding plates were positioned between two adjacent shim plates to form two 
major sliding interfaces and were used to smooth the sliding motion of the sliding interfaces. As shown in Figs. 2 
and 8, these arrangements are allowed two major sliding interfaces at each layer to slide during earthquakes. In 
these specimens used in this study, the contact surface between the shim and sliding plates did not become a 
sliding interface to protect the adhesive and rubber material. Therefore, the sliding displacement of each sliding 
interface was a half of the rubber deformation in each layer. The sliding plates were arranged in these 
experiments to achieve desired frictional force and avoid producing noise during sliding motion. More than two 
sliding interfaces in a single layer are possible and practical by using thinner sliding plates to further reduce 
displacement and heat at each sliding interface by adding sliding interfaces. Designing the contact surfaces 
between the shim and sliding plates as sliding interfaces for additional functionality may also be possible.  

Φ140mm x12mm 
End Plate

Φ140mm x2mm 
Shim Plate

5mm Rubber 
Layer

85mm 

Φ45mm x2mm Sliding PlateΦ45mm x1.5mm POM  
Fig. – 8 Details of the ARB Specimen 

 
Fig. – 9 Internal view of a tested ARB specimen after 

more than 200 cycles of loadings 
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 In general, the distributed sliding displacement of each sliding interface is much smaller than its diameter. 
The choice of materials for sliding plates depends on their vertical stiffness, high friction coefficient, strength, 
wear resistance, specific heat, and melting temperature. These are necessary to maintain functionality after the 
vulcanization and curing processes. The major reasons for combining steel and POM for use in sliding plates are 
that these materials are functional, remain silent during sliding motion, and are cheap and easy to acquire and 
manufacture. Still, other combinations of various materials are possible and practical.  

 Figure 9 shows an internal view of the ARB specimen after more than 200 cycle tests. This shows that no 
damage occurred to the tested ARB specimen even after a large number of cycling loadings and a high testing 
velocity of 176 mm/sec. It also reveals that the proposed rubber bearing is durable. Figures 10 and 11 show the 
hysteresis loops of the ARB specimen under a high vertical pressure of 13 MPa (130 kg/cm2). Note that the 
shape factor of the bearing is as small as 4.75. For our experiment, we used a tested frequency of 0.7 Hz. Figures 
10 and 11 show horizontal displacements of 20, and 40 mm, respectively. These figures demonstrate that the 
ARB seismic isolator possesses stable mechanical behavior. In addition, as we predicted in the mathematical 
formulations, the frictional force contributed by the sliding core (note the force at zero displacement) can, 
provide considerable damping to the isolator by viewing the enclosed area near the force-displacement loops. 
Moreover, the rubber material provides stiffness and little damping to the device, which yields smooth corners of 
the hysteresis loops without dramatic changes in stiffness.  
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Fig. – 10 Hysteresis loop of ARB under 20 mm 

displacement and 0.7 Hz frequency 
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Fig. – 11 Hysteresis loop of ARB under 40 mm 

displacement and 0.7 Hz frequency 

  

 As Fig. 12 shows, the effective horizontal stiffness of the first cycle of the rubber bearing decreased with 
an increase in horizontal displacement as predicted in Eq. (28). In addition, the testing velocity had insignificant 
effects on the effective horizontal stiffness of the first cycle. The equivalent damping ratio decreased from 54.5% 
at a displacement of 5 mm to 43.0% at a displacement of 40 mm, as shown in Fig. 13, whereas the horizontal 
displacement increased. However, the equivalent damping ratio of the ARB remained extremely high at a large 
displacement compared to that with the LRB and high damping rubber bearing [5, 6]. Figure 13 also reveals that 
the equivalent damping ratio of the first cycle is insensitive to the testing frequency. 
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Fig. – 12 Effective stiffness of the first cycle of ARB 
under various tested displacements and frequencies 
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Fig. – 13 Damping ratio of the first cycle of ARB 

under various tested displacements and frequencies 
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 Figures 14 and 15 illustrate the changes in effective stiffness and equivalent damping ratio, respectively, 
under several cycling loadings and various testing frequencies. These figures illustrate that effective stiffness and 
the equivalent damping ratio decreased when loading cycles increased because the increased accumulated energy 
resulted in temperatures rising, which weakened the material properties. In addition, the higher the testing 
frequency (i.e., the testing velocity), the greater was the influence on material properties. Therefore, the 
functionality and design of a rubber bearing for engineering practice should consider the effects of temperature 
rising during an earthquake. However, the temperature effect on the proposed ARB isolator, which showed a less 
than 6.5% change in the first three cycles, is much less when compared to the LRB, which showed 
approximately a 25% difference in the first three cycles [20]. The smaller percentage with the proposed ARB 
isolator occurred because the sliding mechanism in the sliding core of the ARB was uniformly distributed on all 
sliding surfaces between sliding plates.  
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Fig. – 14 Effective stiffness of ARB under 40 mm 

displacement and various tested frequencies 

 
Fig. – 15 Damping ratio of ARB under 40 mm 
displacement and various tested frequencies 

 

5. Conclusion 
 New seismic isolators known as ARBs were proposed in this study. The following conclusions can be 
drawn after theoretical and experimental investigations of the proposed devices: 

1. The ARB isolator uses lead-free materials that are environment friendly. 
2. The ARB isolator can sustain a high vertical pressure even with a small shape factor. 
3. The ARB isolator possesses stable mechanical behavior. 
4. The ARB isolator provides extremely high damping by means of a sliding mechanism in the sliding core. 

This mechanism consists of multiple sliding plates confined by two adjacent shim plates in each layer. 
5. The decrease in equivalent damping ratio of the proposed devices that occurs with an increased 

displacement is not considerable even during high velocity cyclical loadings. 
6. Rising temperature during an earthquake can have a reduced effect on the ARB isolator compared to that 

on the LRB. 
7. The proposed rubber bearing is durable to sustain many reversal loadings. 
8. The influence of accumulated energy on material properties under the first cyclic loading is insignificant 

because little energy is accumulated. 
9. The greater the rate of accumulated energy, the greater is the change in material properties such as 

effective stiffness and equivalent damping ratio.  
In summary, theoretical derivations and experimental results reveal that the proposed ARB is a promising 
seismic isolator that can be used to solve problems encountered in LRBs and HDRBs. 
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