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Abstract - Base isolation concept is a new technology on seismic control of structures. There are various types of seismic isolators that 

are used nowadays including elastomeric bearings isolators and sliding isolators. This paper describes the behaviour of a Hyper-

Viscoelastic rubber bearing isolator based on finite element (FE) software ANSYS. A 2D model consists of upper and lowers steel plates 

with a series of alternating layers of rubber and steel shim plates. Hysteresis graphs of the model was obtained from the software. This 

graph indicated the main characteristics of the isolator. Different stiffness coefficients were determined as well as the effective dumping. 

A detailed discussion was conducted at the end of this paper where the behaviour of the rubber bearing isolator was compared with the 

behaviour of a lead rubber isolator. Moreover, it has been proved that using Hyper-Viscoelastic Rubber would decrease the shear 

deformation amplitude (E), decrease of failure load and increase maximum deformation in the isolators. 
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1. Introduction 
In recent decades, base isolation concept has been promoted around the world to offer a high level of protection to 

structures from ground motions like earthquakes which could cause severe damages. To achieve such protection, different 

seismic devices called isolators are introduced at the foundation level allowing structures to perform properly during an 

earthquake. Seismic isolators provide adequate flexibility to structures. They have the main function of being extremely 

deformable under horizontal forces, but at the same time sufficiently stiff when loaded with vertical loads. In general, 

isolators are classified into two categories: elastomeric bearings and sliding bearings. Elastomeric bearing isolators are the 

most commonly used type for base isolation. The major types of elastomeric bearing isolators are: Low-Damping Natural 

Rubber Bearing and Lead-Rubber Bearing. As shown in Fig. 1, elastomeric bearing isolators consist of upper and lower steel 

plates with a series of alternating layers of natural, or synthetic, rubber bonded to intermediate steel shim plates. The rubber 

provides lateral flexibility while the steel provides vertical stiffness. A rubber cover is provided to protect the internal rubber 

layers and steel plates from environmental degradation. In some cases, a lead cylinder is installed in the centre of the bearing 

to provide high initial stiffness and a mechanism for energy dissipation. In this paper, a model was developed for simulating 

the behaviour and the main characteristics of a rubber bearing isolator using finite element (FE) software called ANSYS. 

 

 

 

Fig. 1: Elastomeric Bearing Isolator. 
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Figure (1): Elastomeric Bearing Isolator 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Upper Steel Plate 

Lower Steel Plate 

Steel layer 

Rubber layer 

Figure (1): Elastomeric Bearing Isolator 
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2. Literature review 
Over the past years, seismic isolation rubber bearings in bridges and buildings have proven to be a very effective 

method for reducing earthquake forces. The amount of information regarding seismic isolation has grown exponentially. 

Detailed studies and researches have been fully established concerning this topic. Treloar [1] have investigated 

experimentally the behaviour of rubber types on different variables. His research concluded several models for 

explaining the rubber behaviour under loading, which was considered a base of modelling for several recent researches 

in this field. Ali et al., [2] elaborated on the modelling of rubber and lead passive-control bearings for seismic analyses. 

It was found that major decrease in earthquake applied forces along the bridge can be achieved with the energy 

dissipation devices when compared to using conventional methods. An analytical hysteresis model for elastomeric 

seismic isolation bearings was done by Kikuchi et al., [3] the model was applied to four different types of seismic 

isolation bearings, two of high-damping rubber bearing, one of lead-rubber bearing and one type rubber bearing. The 

model was validated by comparing dynamic analyses of two isolated structures results with earthquake simulator test 

results and it has shown good agreement between the analytical and experimental results. The theories and steps of base-

isolated structure with rubber-bearing design were introduced by Tian et al., [4] the hysteretic curve show that structures 

with high damping rubber bearing and base isolation system can absorb the earthquake energy most effectively. Finite-

element analysis of laminated rubber bearing of building frame under seismic excitation was done by Ohsaki et al., [5] 

It was found that FE-analysis is indispensable tool for analysis and design of laminated rubber bearings. Incorporation 

of damping, softening property, and effect of temperature change for lead and high-damping rubber bearings remains 

to be investigated in future research. Amin et al. [6,7,8] proposed an improved hyperelastic equation for shear regime 

and rubbers in compression, the equations’ parameters were identified by the data from the rate-independent 

instantaneous experiments and equilibrium experiments, and the nonlinear viscous coefficient was introduced to 

represent the rate-dependent properties of rubbers. 

 
3. Methodology 
3.1. Geometry Setup 

The behaviour of a rubber bearing isolator were analysed using ANSYS. ANYS software has been used in previous 

studies for simulating and understanding the behaviour of similar devices. The developed 2D model, as shown in Fig. 

2, consists of upper and lower steel plates with 1cm thickness. Series of alternating layers of rubber and steel shim plates 

were located between the upper and the lower plates, both with length of 49cm. Each rubber layer has a thickness of 1.5 

cm whereas the intermediate steel layers have a thickness of 0.6 cm, with a total height of 20.3 cm and base length of 

50 cm.  

    

Fig. 2: Geometry of the rubber bearing model. 

3.2. Materials  

Different assigned material types are shown in table 1 for Steel layers. Rubber is viscoelastic and hyper-elastic 

material. Viscoelasticity is the property that shows both viscous and elastic characteristics when subjected to 

deformation. Viscous materials resist shear flow and strain linearly with time when a stress is applied, whereas elastic 

materials strain when stretched and quickly return to their original state once the stress is removed. Viscoelastic materials 

have elements of both properties. Because viscoelastic materials have the viscosity factor, they have a strain rate 
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dependent on time. In hyper-elasticity behaviour, the stress-strain relationship can be defined as non-linearly elastic, 

isotropic, incompressible and generally independent of strain rate. The elastic deformation can be extremely large in the 

rubber. So, a compound material (hyper viscoelastic material) was assigned for each rubber layer and it consists of the Ogden 

model of the hyper-elastic behaviour and in addition to Prony series model of the viscoelastic behaviour.  

Table 1: Selected Steel Properties. 

Property Value 

Density 7850 Kg/m3 

Coefficient of thermal expansion 1.2 x 10-05 C-1 

Temperature 22 C0 

Tensile yield strength 2.7 x 108 Pa 

Compressive yield strength  2.7 x 108 Pa 

Tensile ultimate strength 4.2 x 108 Pa 

 

Wu [9] procedure for computing and analysing the hyper-viscoelastic material properties. Table 2 shows the hyper 

viscoelastic material properties that were computed and used in ANSYS software, it should be mentioned that constant values 

for αs were taken from Treloar [1]. Prony series defines the changing in the material values (Shear modulus and bulk 

modulus) by time decaying. 

 

Table 2: Hyper and Visco- elastic Material models and constants. 

 

 

 
3.3. Loading Settings 

For the analysis settings, a program-controlled mesh was applied on the model. The lower plate was fixed, and series of 

cyclic loading was applied on the upper plate, with displacement controls application. 15 load steps (1 second each) was 

used with displacements of 2, 5, 10, 15 and 20 mm in both directions as shown in Fig. 3. 

 

Fig. 3: Cyclic Loading.  
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4. Results and Discussion 
The program outputs have been analysed, and only parameters under study have been investigated. The hysteresis 

graph of the rubber bearing isolator was obtained, which shows the relationship between the force (N) and the 

deformation (mm) during loading and unloading, shown in Fig.4. The gradient of the loops represents the stiffness of 

the rubber, while the area between the curves show the energy absorbed and released during loading and unloading, 

respectively. Rubber absorbs more energy during loading than it releases in unloading, the difference is represented by 

the area of the hysteresis loop.  

 

Fig. 4: Hysteresis Loop Graph.   

The deformed shape of the rubber bearing isolator under the cyclic loading was obtained from ANSYS, as shown in 

the below graph that a maximum of 20 mm displacement was applied on the top of the Hyper-Viscoelastic Rubber Seismic 

isolator.  

 

Fig. 5: Deformed shape and Highest Displacement with time for the rubber bearing isolator. 
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Elastic stiffness coefficient (Ke), plastic stiffness coefficient (Kp) and effective stiffness coefficient (Keff) were 

determined from the slope of the hysteresis loops for each loading cycle. In other words, each loading cycle coefficients were 

considered separately, as shown in Fig 6.  

 

 
Deformation (mm) 

 
Deformation (mm) 

F
o

rc
e 

(k
N

) 

 

F
o

rc
e 

(k
N

) 

 

 
Deformation (mm) 

  

Deformation (mm) 

F
o
rc

e 
(k

N
) 

 

F
o
rc

e 
(k

N
) 

 
 Deformation (mm)  Deformation (mm) 

F
o

rc
e 

(k
N

) 

 

F
o

rc
e 

(k
N

) 

 

Fig. 6: a) Coefficients determination technique and b,c,d,e,f) Determination of Coefficients of different cycles 1 to 5. 
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To assess the behavior of bearing isolator, different factors must be further calculated, which are as follows: 

 

𝐾𝑒𝑓𝑓 =
𝐹𝑚𝑎𝑥
𝑥𝑚𝑎𝑥

 (1) 

𝑊𝑠 =
1

2
𝑘𝑒𝑓𝑓 ∗ 𝑥

2 (2) 

𝑊𝐷 = 4𝑄(𝑥𝑚𝑎𝑥 − 𝑥𝑦) (3) 

𝛽𝑒𝑓𝑓 =
𝑊𝐷

4𝜋 ∗𝑊𝑠
 (4) 

 

Where WD is the area of the hysteresis loop, Q represents the energy dissipated per cycle and Ws is the strain 

energy stored at maximum displacement. Table 3 shows the values of effective dumping of each loading cycle. 

 

Table 3: Effective dumping results. 

  

Under the cyclic loading, the hysteresis curves present narrow zonal shape. With the increase of applied displacement, 

the hysteresis loops become bigger and their area (WD) increases as well. It is clear that all the loops are intertwined with 

almost the same slope. This means that the slopes of all hysteresis loop are parallel to each other’s. On the other hand, the 

stiffness coefficients (Ke, Kp, Keff) shows a slight increase with the increase of the applied displacement. We can say that the 

stiffness coefficients (Ke, Kp, Keff) for all the loops are almost the same because of the behaviour of the slopes that are parallel 

in every loop.  

It can be concluded that the energy dissipated per cycle increases with the increase of the applied displacement and this 

led to an increase in the effective dumping. A high damping coefficient will diminish the response and it will absorb the 

energy and reduce the undesired reaction. With the increase in energy dissipated, both WD and WS increase. From Fig. 6 the 

rate of increase in WD is more than WS. This will result in a higher effective dumping.  

 

 

Fig. 7: Area of the hysteresis loop (WD) Energy stored at maximum displacement (Ws) with respect Cycle No. 

The shear deformation amplitude (𝐸) represented the ratio of the displacement to the rubber layer thickness of the 
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Table 4: E values with changing of displacements.  

Displacement E 

2 mm 1.3 % 

5 mm 3.3 % 

10 mm 6.6 % 

15 mm 10 % 

20 mm 13.3 % 

 

If displacement is increased in magnitude till the failure of the rubber isolator, the stiffness coefficients (Ke, Kp, Keff) 

will not change because the hysteresis loops will still have the slopes. On the other hand, the area of each loop will increase, 

Ws will increase also and this led to higher effective dumping. Failure occurs when the displacement = 52 mm. At this stage, 

the protective rubber layer will be separated from the bearing body and expanding outwards, shown in Fig. 7. 

 

 

Fig. 8: a) Maximum hysteresis graph for Hyper-Viscoelastic Rubber Seismic Bearing Isolator, and b) LRB hysteresis graph 

from Yue Li with changing of shear deformation amplitude (𝐸) [6]. 

Comparing the behaviour of a rubber bearing isolator in Fig. 7a with Fig 7b obtained from Yue Li [6] analysis on lead 

rubber bearing (LRB), with changing the shear deformation amplitude (𝐸), the LRB isolators produce wider hysteresis loops 

due to their ability to dissipate higher amounts of energy, when increasing (E). The reason is mainly that the lead core in the 

lead rubber bearing began to dissipate energy in little deformation, while the elastomeric rubber bearing was still in its elastic 

deformation state. This indicates that using Hyper-Viscoelastic Rubber will decrease the shear deformation amplitude (E), 

with minor scarification of failure load and increasing in maximum deformation, which would be an important design 

parameter. 

The strain using Ogden model could not exceed 200% of the strain, which is explained by detachment of steel layers 

with the rubber. Such outcome confirms with several researches (see Wi [9]). As recommendations, such outcomes shall be 

compared with experimental data to confirm the applicability of finite element analysis using same material properties.  

 
6. Conclusion 

Considering the behaviour of a rubber bearing isolator, a 2D model was developed using ANSYS software. The model 

consists of upper and lowers steel plates with a series of alternating layers of rubber and steel shim plates. Two types of 

materials were used in the model: Steel and hyper viscoelastic material. Hysteresis graph of the model was obtained from 

the software. This graph indicated the main characteristics of the isolator. From this graph the elastic stiffness coefficient 

(Ke), plastic stiffness coefficient (Kp) and effective stiffness coefficient (Keff) were determined from the slope of the hysteresis 

loop for each loading cycle. Effective dumping was calculated as well. It was found that under the cyclic loading, the 

hysteresis curves present narrow zonal shape and the stiffness coefficients (Ke, Kp, Keff) for all the cyclic loops are almost 

the same. Also, the behaviour of the rubber bearing isolator was compared with LRB isolator, which indicated that the lead 

rubber isolators produce wider hysteresis loops due to their ability to dissipate higher amounts of energy. However, using 
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Hyper-Viscoelastic Rubber shall decrease the shear deformation amplitude (E), with decreasing of failure load but 

increasing the maximum deformation as at deflection of 20mm E reached to 13%. It should be mentioned that the strain 

couldn’t exceed the 200% using Ogden model, which needs further studies to be conducted using models and 

experiments. 
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