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Abstract 
 

An updated review on elastomeric rubber bearing base isolation system is presented in this review. The review covers: 

theoretical backgrounds of different rubber bearings, important parametric observations on base isolation system, 

limitations and difficulties of their practical implementation. The mechanism and design guide line are also covered. The 

review also includes discussion on the possibilities of low cost base isolation system for low rise buildings. 
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1. Introduction 

Earthquake resistant design of structures has been largely based on ductility design concept to 

withstand some desired earthquake intensity, say moderate earthquake or Design Basis Earthquake (DBE) and 

Most Credible Earthquake (MCE) which has 10% and 2% chance in return period of 250 years respectively. 

Designer has the liberty of choosing different types of material, geometrical configuration and support. 

Conventionally, buildings with fixed base structure are very common. This way, the fixed base has to 

withstand theseismiclateral force by making it more rigid which will lead to an uneconomic design.It will also 

be at the expense of imparting actual ground force to the structure contents, which is not advisable.  

The base isolation is a passive structure control technique in which the system decouples the structure 

from the damaging effects of the ground motion in the event of an earthquake to a great extend. Base isolation 

is not suitable for tall high rise buildings or buildings on very soft soil. It is most effective for low to medium 

rise buildings located on hard soil. Most of the base isolation systems that have been developed over the 

decades provide only partial isolation which means that the force transmitted and the consequent responsive 

motions are only reduced by providing flexibility and energy dissipation mechanisms with the addition of base 

isolation device to the structure. Bill Robinson along with Ivan Skinner invented the base isolation system 

with lead rubber bearing in 1970. Several works has been done to develop different types of isolation system 

for: other structures like bridges and towers; different soil types; and base isolator made of different materials. 

Turkington et.al.(1989) presented a development of a design procedure for bridges on lead rubber bearings. 

Takashi Nakamura et. al.(1992) studied the mechanism of soft landing for base isolation device. M. Mosleh 

et. al.(2002) studied a mechanism of high friction in dry sliding bearings. Chamindalal Sujeewa et. al. (2004) 

presented design criteria for seismic isolation rubber bearing device. Sarvesh K. Jain et. al.(2004) presented an 

application of base isolation for flexible building.Pradeep Kumaret. al. (2007) has study the force-deformation 

behaviour of isolation bearings S.M. Kalantari et. al. (2008) investigated the selection of types of base 

isolation on seismic behaviour of structures including story drifts and plastic hinge formation. S. Yamamoto 

et. al. (2008) studied the analytical modelling of elastomeric isolation bearings under severe axial load and 

shear deformations. Toopchi-Nezhad et. al. (2008) presented a novel elastomeric base isolation system for 

seismic mitigation of low rise buildings. S.K. Sabu et. al. (2014) discussed the effectiveness of lead rubber 

base isolators. Troy A. Morgan et. al. (2011) introduced the use of base isolation systems to achieve complex 

seismic performance objectives. Malu Girish et. al. (2012) discussed the comparative study of sliding isolation 

system for low frequency ground motion. Tomasz Falborski et. al. (2012) presented a experimental study on 
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the base isolation system made of polymer bearing for seismic resistance of building supported on different 

soil strata. Stergion Mitoulis et. al. (2014) discussed a possible mechanism (effects and remediation) for uplift 

of elastomeric bearings in isolated bridges. Lijesh K. P. et. al. (2014) discussed the stiffness and damping 

coefficients for rubber mounted hybrid bearing. X.X. Ren et. al. (2015) studied the dynamic similitude 

mechanism and design approaches of the base isolated structures. 

 

2. Elastomeric bearing 

So far the most widely used base isolation system has been elastomeric bearing, where the elastomeric 

bearing is made of either natural rubber or neoprene. In this approach, the building or structure is decoupled 

from the horizontal components of the earthquake ground motion by interposing a layer with low horizontal 

stiffness between the structure and the foundation. 

Rubber bearings are most commonly used for this purpose. A typical laminated rubber bearing is 

shown in Figure1(a). A rubber bearing typically consists of alternating laminations of thin rubber layers and 

shims steel plates (Simo and Kelly, 1984), bonded together to provide vertical rigidity and horizontal 

flexibility.On top and bottom, the bearing is fitted with steel plates which are used to attach the bearing to 

building and foundation. The bearing is very stiff and strong in the vertical direction, but flexible in the 

horizontal direction. Vertical rigidity assures that the isolation will support the weight of the structure, while 

horizontal flexibility converts destructive horizontal shaking into gentle movement. There are two types of 

laminated bearings (a) Low-Damping Natural or synthetic rubber bearing (NRB) which has 2% to 3% 

damping ratio but it required supplemental damping system for the better performance and (b) High Damping 

NaturalRubber Bearing (HDRB)  which has 10% to 20% at the shear strains of 100%.These bearings are 

widely used for the support of building, bridges and in many civil engineers application. 

A solid lead ―plug‖ when provided in the middle along the vertical axis to absorb energy and add 

damping, the bearing is called a lead rubber bearing which is very common in seismic isolation of buildings, 

as shown in above Figure 1(b). It has the same mechanism as LRB except the lead core which is provided in 

centre of the base isolation device. Since it is well developed technologies, it is possible to manufacture lead-

plug rubber bearings with high stiffness and enormous shear deformation. Material and design related 

technologies such as analysis software and construction methods have enabled the concept of isolation are 

widely used, the companies like as Dynamic Isolation system (DIS) and Earthquake Protection System, Inc. 

provide a range of units to prescribed criteria, as well as developed them to individual specifications. 

 

(a)                                                                  (b) 

Figure1: Different types of Elastomeric Rubber Bearing(Base isolation devices); (a) Laminated Rubber 

bearing, and (b) Lead Rubber bearing. 
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Recently, Houman A. Hadad et. al.(2016) considers the performance of economic base isolators using 

tyres filled with elastomeric recycled materials along with sand and aggregate. They analyze base isolators 

through common testing procedure (Moon et. al., 2002, 2003) for its possible use in developing countries, 

where the application of conventional elastomeric rubber bearings due to economic reasons is limited. 

 
Figure 2: Specimen filled with Ethylene Propylene Diene Monome grains under shear testing 

The tested isolators are made of kart tyres filled with different recycled elastomeric materials and aggregates, 

and salient mechanical and hysteresis characteristics of the devices were measured through static, dynamic, 

and shaking table tests. Vertical dynamic and static horizontal test were conducted to obtain the vertical 

stiffness of the bearings and horizontal stiffness of each isolator, and dynamic horizontal tests were performed 

to find the hysteresis behavior and equivalentviscousdampingoftheisolators. An experimental prototypes were 

studied under one bay steel frame using the kart tyres respectively and it was observed that  equivalent viscous 

damping ratio ranging from 23% – 30% of critical were measured for all the tested bearings. 
 

3. Mechanism and design guides 

In general, mechanism and the design guidelines (or procedure) for elastromeric rubber base isolation 

system are overview by many international codes and provisions. The Structural Engineers Association of 

Northern California (SEONC) published a simple regulation titled ―Tentative Isolation Design Requirements‖ 

in 1986, which later was added as provisions in the Uniform Building Code 1997, FEMA 273 and 274 (1997) 

with exception of permit to pushover, and International Building Code (IBC2000), the recommendations that 

were prepared jointly by NEHRP (National Earthquake Hazards Reduction Program) and FEMA (Federal 

Emergency Management Agency) where published. The application of seismic isolation is permitted by the 

EU regulations in Euro Code 8 (CEN, 1995). Seismic isolation is also included in the codes of such countries 

as Japan, the Japanese Seismic Design Code (BSL) was introduced in 2000 (Nakashima et. al., 2003) and 

Canada (NBCC, 2005)and in Turkey, the seismic isolation concept is mentioned in the Turkish Earthquake 

design code (2007). 

Thenatural rubber bearing or laminated rubber bearing has a dominant feature of parallel action of 

linear spring and damping,and the ideal force-deformation behaviour is generally represented by non-linear 

characteristic, as shown in Figure 3(b). In Such base isolation system, effects are produced not by absorbing 

the earthquake energy, however by deflecting through the dynamics of the system. 

 
Figure 3(a): Laminated Rubber Bearing 
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Figure 3(b): Schematic diagram and Force-Deformation behaviour of LRB 

The permanent residual displacement for LRB is very less after tan event of earthquake as the rubber 

mobilizes sufficient restoring force required to reposition the structure to its initial position. Therefore by 

equivalent linear properties from idealised bi-linear hysteresis loop, the restoring force can be mathematically 

express as Equation (1). 

Fb = cb𝑥 b + kbxb(1) 

;Where, cband kbare damping and stiffness of the LRB, respectively.  

 There are two parameters which charaterize the LRB system, the isolation time period (Tb) and 

damping ratio (ξb) and they are obtained from stiffness and damping for which the LRB is designed. These 

two parameters are defined as given in Equation (2a) and (2b) respectivily. 

Tb= 2π
bK

M
        (2a) 

ξb= cb/ 2Mωb(2b) 

;Where M is the total mass of the base isolated structure and the ωbis the isolated frequency. 

 LRB exhibit hystersis behaviour and characterized by their lateral stiffness and viscous damping, the 

vertical stiffness of LRB is expressed as given in Equation (3) 

Kv= EcA / tr(3) 

;Where A is the area of the bearing, tris the total thickness of rubber in the bearing, and Ec is the instantaneous 

compression modulus of the rubber-steel composites. 

For square bearing, instantaneous compression modulus (Naeim and Kelly, 1990) is given in Equation (4) 

Ec = 6.73* S
2
*G(4) 

;Where Sis the shape factor which is defined as ratio of the loaded area to the force free area of the rubber 

layer, and G is the shear modulus of the bearing typically dependent on the rubber hardness. 

 For circular bearing, instantaneous compression modulus is given in Equation (5) 

Ec = 6S
2 
G(5) 

 The horizontal stiffness of the LRB is given in Equation (6) 

Kh = GA / tr (6) 
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Similarly in case of Lead-Rubber Bearing (LRB),except the central lead-core which is use to provide 

additional means of energy dissipation, and rigidity against minor earthquakes and winds (Skinner et. al. 

1975;Robinson 1982; Matsagar et. al. 2004; Jangid 2010). Since such bearing is developed and widely used in 

New Zealand, it is also known as New Zealand bearing or N-Z system. This system also provides the 

additional hysteretic damping through the yielding of the lead core. The schematic diagram of the combined 

mechanism is shown in Figure 4(b) along with the ideal force-deformation behaviour which is generally 

represented by non-linear characteristics following a hysteretic nature. 

TheN-Z system is characterized by three parameters namely (a) isolation period (Tb),       (b) damping ratio(ξb) 

and (c) normalized yield strength. Here, Tband ξbare computed by     Equation (2a) and (2b). N-Z system also 

poses the restoring force as LRB, however the mathematical modelling is done with the help of a non-linear 

model (Wen et. al. 1976) to characterize the hysteretic behaviour and it is expressed as Equation (7) 

Fb = cb𝑥 b + αkb xb + (1-α)FyZ            (7)   

;Where Fyis the yield strength of the bearing; αis an index which represent the ratio of post to pre-yielding 

stiffness; kb is the initial stiffness of the bearing; cb is the viscous damping of the bearing; and Z is the non 

dimentional hysteretic displacement component which satisfying the non-linear first order differential 

equation as given in Equation (8). 

n

b

n

bb ZxZZxxAZq





 
1

(8)   

;Where q is the yielding displacement; dimensionless parameters β, , A and n are selected such that predicted 

response from the model closely matches with the experimental results. The parameter n is an integer 

constant, which controls smoothness of transition from elastic to plastic response. 

 

Figure 4: (a) New Zealand bearing or lead rubber bearing  (b) Schematic diagram of N-Z and (c) Force-

deformation behaviour of N-Z. 
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4. Advantages and disadvantages of Elastomeric Polymer Bearing 

 The following advantages and disadvantages may be encountered whenElastomeric Polymer Bearing 

is used as seismic base isolator device. 

(a) When base isolatorsare used in combination with damping devices there may be significant 

overlapping between. 

(b) Usually base isolation system is designed using ductility concept, which allows the structural 

elements to deform beyond their elastic limit in a specific manner. Lateral flexibility is highly 

desirable for high seismic loads specially in case of low-rise buildings. But in case of already flexible 

tall structures,there will be problems like overturning effect. So therefore, elastomeric rubber isolator 

is not suitable for high rise building structure. 

(c) Base isolation is not suitable for soft soils, because during earthquake not only it increases the base 

shear, but also base and storey displacement. 

(d) Base isolation is most effective and suitable for low to medium rise buildings which are located on 

hard soils. 

(e) Tyres which can no longer be used in vehicle, can be used for tyre bearing.Use of tyre bearing will be 

very cost effective in future. 

5. Conclusion 

Elastomeric base isolation consist of very simple concept with linear spring and linear viscous 

damping which can both be implemented to 2-SDOF system model. Seismic rubber isolation is a simple 

technique which utilises natural resisting forces, capacity of materials like friction andvertical stiffness. In this 

mechanism, the seismic energy at high frequencies cannot be transmitted to the structure as the base isolation 

system redirects the earthquake energy rather than absorbed it by lowering the frequencies. Unlike 

dampers,base isolation system doesn’tliterally provide damping action.Additional of dampers may be 

provided to reduce the lateral deformation of the building. Use of base isolator increases the flexibility of the 

structures,thereby increasing the maximum displacement. 

The seismic design of elastomericrubber base isolation system is well defined in seismic design code 

such as UBC-97andFEMA(1997)for buildings and bridges. However, many participating factors whichaffect 

the behaviour and the efficiencies of base isolator for various conditions and properties of building and the 

site, should be taken into consideration during design process. 

Tyre and filling materials have a high expected life. Moreover, considering their simple,low-

cost,andenvironmentalfriendlyproductionprocess,theyseemsuitable for application in developing nations. 

But,low-cost base isolation system was demonstrated(Houman A. Hadad et. al., 2016) only for a onestorey, 

one-bay steel frame. Further works are required to investigate the performances of the developed seismic 

isolators for different structural typologies. 
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