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Abstract 

During an earthquake, there are two main effectual factors causing damage to structural and non-structural members; 

The two factors are relative lateral displacements of stories (drift) and absolute acceleration of stories. In this study, seismic 

isolators have been considered as a solution for dealing with damages and their causing factors, because they can both 

decrease the relative lateral displacements and absolute acceleration of stories significantly. Consideration of a 5 story 

building which was modeled in ETABS software, showed that using a system of lead rubber bearing base isolator (LRB) can 

significantly reduce the relative displacements and shear forces of stories (on average, about 50%); so the structural design 

leads to the optimal degree. 
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1. Introduction 

During an earthquake, there are two main effectual 

factors causing damage to structural and non-

structural members; The two factors are relative 

lateral displacements of stories (drift) and absolute 

acceleration of stories. So there are two design 

approaches for reducing the vulnerability of structural 

and non-structural members. First we should be 

aware that rigid buildings are favorable because they 

 

 reduce the lateral displacement between two stories, 

but they cause many accelerations. In contrast, since 

flexible buildings have less energy absorption, they 

have less story accelerations in earthquake; but they 

have large displacements which are destructive to 

members that are sensible to lateral displacements. So 

we should seek an approach which can reduce both 

relative lateral displacements and absolute 

acceleration of stories, significantly. seismic isolators 

are an option to gain this goal. In fact, in the case of 

isolated structures, instead of changing the seismic 

capacity, the seismic demand of structure reduces 

through isolation [1-5]. 
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This study examines the impact of the use of lead 

rubber bearing base isolator (LRB) in the seismic 

performance of moderate RC frames. A five story 

building has been modeled in ETABS as a case 

study.[ Then in designed building, under each column 

a lead rubber bearing base isolator (LRB) is placed, 

and building analysis and design process runs again. 

Finally, the relative displacement, spectral 

acceleration and shear of stories are compared [5-7]. 

2. Lead rubber bearing base isolator 

This type of isolator was invented in 1975 in New 

Zealand. As shown in Figure 1, it is composed of 

three main parts: layers of steel plates, rubber layers 

and lead core. 

To enhance the damping effectiveness of 

elastomeric rubber isolators which are made with low 

attenuation rubber, one or more lead cores are used at 

their center. The lead core which is injected in the 

support hole by force, yields under the shears caused 

by earthquake in the low tensions about 8 to 10 Mpa 

and in the normal temperature and deforms 

physically. In this case, lead acts as an elastoplastic 

material or rolled crystallized, thus, under successive 

cycles of hysteresis loops shows two-line behavior 

and increases the attenuation of rubber from 3% up to 

10 %.  Lead core with rubber, causes initial rigidity 

for service loads and dissipates earthquake’s energy 

input. In most cases, the secondary rigidity (plastic) 

has one-tenth to one-sixth of initial rigidity (elastic). 

Lead is chosen because the material doesn’t 

encounter fatigue and has a stable performance in 

energy dissipation.                                                                           
      

        

(a) 

     
(b) 

Figure 1. (a) Lead rubber bearing base isolator and (b) the section 

cut 

3. Bilinear Model and Model Parameters of 

Lead-Plug Bearing System 

The bilinear model, used to express the relation 

between the shear force and the lateral displacement, 

can be defined by three parameters: elastic stiffness, 

ke, post yield stiffness, kp, and characteristic 

strength, Q. The characteristic strength, Q, is usually 

utilized to estimate the stability of hysteretic behavior 

when the bearing experiences many loading cycles. 

Figure 2 shows an idealized bilinear model based on 

test data. 

Effective stiffness of the bearing, keff , at the 

postyield region can be expressed in terms of the 

postyield stiffness, kd, and the characteristic strength, 

Q, with corresponding lateral displacement, D. 

D

Q
kk deff                                         (1) 
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Figure 2. Bilinear model of isolator unit. 

The yield displacement, Dy, which is conveniently 

used in some computer programs to define the 

bilinear model, is also derived from ke, kd, and Q. 
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The yield force, Fy, at the yield displacement, Dy 

is determined as 

  ydy DkQF .                    (3) 

The effective damping, βeff , is defined as follows: 

  
22 Dk
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Where ED is the energy dissipated per cycle as 

shown in Figure 2. For the bilinear model, ED is 

considered as the area of the hysteresis loop bounded 

by the lateral displacement −D and +D at each cycle. 

Thus, ED = 4Q(D−Dy), and the effective damping 

βeff , becomes: 
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In design practice, the effective stiffness and the 

effective damping are determined at the design 

displacement, DD, and the maximum displacement, 

DM. 

The characteristic strength, Q, of the lead-plug 

bearing is dominantly controlled by the shear 

strength of the lead core. Shear yield occurs at the 

lead core under a low level of shear stress. Equation 4 

exhibits the relation between the characteristic 

strength, Q, and the product of lead yield stress, fyl, 

and the lead-plug area, Al. 

  11 yfAQ                                 (6) 

The postyield stiffness, kd, is shown as follows: 

  
t

GfA
k Lb

d               (7) 

Where Ab is the bonded area of rubber; t is the 

total rubber thickness; and the coefficient, fL, is 

typically 1.5. G represents the tangent shear modulus 

of rubber, which is determined from dynamic shear 

tests.  

The elastic stiffness, ke, is not easily determined, 

but it can be approximately estimated as shown 

below: 

ded kkk 105.6   

For nonlinear response history analysis, the 

following parameter of the bearing in both principal 

directions of the superstructure is required: The ratio 

of postyield stiffness to elastic stiffness, η = kd/ke. 

Table 1: shows a summary of parameters which are used for 

isolator modeling in ETABS 

 

DD(cm) 
Diameter of Lead 

Plug (cm) 

Isolator 

Height (cm) 
G (MPa) 

 

 

11 6 35 0.64 
 

 

Fy1 (MPa) Keff (Kg/m) Dy (m) Fy (kg) 
 

 

8.82 62635.6 0.0068 2769.19 
 

 

Ke (Kg/m) Ceff (kg.sec/m) η 

 
 

 

405097.3 84156.13 0.1 

 
 

 
     

4. Modeling of concrete frame 

The structure above the isolator is a five story 

concrete structure with a moderate moment resisting 

frame system which under each column an isolator is 

placed. For seismic parameters required for loading 

and Analysis, the code of practice for seismic 
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resistant design regulations (standard no2800 - 4
th
 

edition) was used and all the modeling, analysis and 

design procedures were done in ETABS software[7]. 

Spectral analysis and ACI 318-14 were used for the 

sake of analysis and design phases, respectively. 

Figures 2 and 3, show the plan and the 3D model of 

five story building. 

5. Modeling of isolated structure 

There are two joint elements in ETABS. 

ISOLATOR1, is used for elastomeric isolators 

(HDRB, LRB) and ISOLATOR2 is used for friction 

pendulum isolators (FPS). Linear analysis like 

damping response spectrum analysis, is supplied by 

two resources: one of them is assigned damping for 

isolated superstructure and another is each 

ISOLATOR1 effective damping, which is assigned 

automatically in ETABS. For isolator modeling, the 

Rubber Isolator joint is used. For no-linear modeling 

of LRB isolator, we should define the incoming table 

1 parameters in the software [3-6]. 

 

(a) (b)  

Figure 3. (a) Typical plan of the building model, (b) 3D view of ETABS model 
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6. Results and discussion 

The five story structure with moderate moment 

resisting frame system, was analyzed and designed by 

Spectral analysis method and all of the required 

controls were done. Then by keeping the obtained 

sections and re-adding seismic isolators under each 

column, the analysis and design procedure is done 

again.  

 

6.1.  Period of the structure and the relative 

displacement of stories   

As it is obvious from figures 4 and 5, the spectral 

acceleration has declined in the structure with seismic 

isolator compared with structures without it.  

Table 3 - Period of the structure in two cases, with and without isolator. 

4st mode 3st mode 2st mode 1st mode   

0.446 1.08 1.142 1.237 With base isolator  

0.35 0.797 0.864 0.992 Without a base isolator  

  

 

Figure 4 – Values of the spectral acceleration in two cases, with and without isolator, in X direction. 
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Figure 5 – Values of the spectral acceleration in two cases, with and without isolator, in Y direction. 

 
As it is shown in the figures 6 and 7, in structure 

with seismic isolator the value of the maximum 

relative displacement is much less than structure 

without seismic isolator, due to focuses of 

displacement in the level of isolators. 

 

 

Figure 6 – The value of the maximum relative displacement in two cases, with and without isolateor, in X direction 
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Figure 7 – The value of the maximum relative displacement in two cases, with and without isolator, in Y direction 

 

6.2.  Applied shear force to the floors 

Because of the nature of isolators that reduce the 

acceleration and due to Keeping the weight of models 

constant in two compered ones, it can be easily 

predicted from the relationship between mass and 

acceleration forces that the shear force applied to the 

floors in the case of seismic isolator, decreases; also 

this issue is shown in the figures 8 and 9 in below. 

 

 

Figure 8 – The value of applied sheer force to the structure’s floors in two cases, with and without isolator, in X direction 
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Figure 9 – The value of applied sheer force to the structure’s floors in two cases, with and without isolator, in Y direction

 

Figure 10 – comparison of base-isolated and fixed-based building 

 

 

7.  Conclusions  

In this article a five-floor-building in two cases, 

with and without isolator, investigated. The results 

show that seismic isolators have the characteristic 

that by increasing the period of the system, the 

spectral acceleration will decrease, but in the other 

hand, the spectral displacement will increase. 

However, the interesting point is that this increased 

displacement, is the displacement of the isolators and 

originally the displacement of the floors will be 

reduced significantly. This amount was about 50% 

(in average) for the investigated building. So, it can 
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be concluded that using seismic isolators result in 

improvement of seismic behavior of structure which 

ultimately could lead to some economic advantages 

in the construction and maintenance of the building. 
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Appendix A. Calculation of seismic isolator 

A.1. Characteristics selection for the desired rubber 

 

Table A1 shows the characteristics of some rubber 

which were published in 1990 by Bridgestone 

company. In this Project, the rubber IRHD-50 will be 

used and its characteristics are shown in Table A2. 

 

Table A1- the characteristics of some rubber 

 

Table A2 - the characteristics of IRHD-50 

220 E (N/cm2)  

64 G (N/cm2)  
0.73 K  

 

A.2. Calculate the total height of rubber layers 

Usually for designing purposes, the shear strain is 

considered less than 100%, while natural rubber is a 

viscoelastic substance which has the ability to 

achieve up to 300% shear strain without breaking its 

surface. According to recommendations of some 

reliable sources, in this section, the shear strain is 

considered 50%. 

 

For buildings with desired isolators, we should 

consider an effective period and damping. In this 

design, effective period is three times more than the 

obtained period from the regulations and  the 

effective damping is intended 1=0.15. 
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DD is an estimate of peak displacement in the 

isolation system for the design earthquake. In this 

equation, the spectral acceleration term, SD1, is the 

same as that required for design of a conventional, 

fixed-base structure of period, TD. A damping term, 

BD, is used to decrease (or increase) the computed 

displacement where the equivalent damping 

coefficient of the isolation system is greater (or 
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smaller) than 5 percent of critical damping. Values of 

coefficient BD (or BM for the maximum considered 

earthquake) are given in Table A3 for different values 

of isolation system damping, β D (or β M). 

Table A3 - Values of isolation system damping 

 

A.3. Lead Plug (core) design 

Lead Plug design by taking hardness before and 

after yield as well as two liner behavior of the force – 

displacement. The following relationships can be 

established from compressive strength (Qd) and the 

amount of energy dissipated (Wd). The energy 

dissipated per cycle is equal to: 
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py  is shear yield strength for the lead plug, which 

is considered 8.82MPa. Due to obtained area for the 

core, its diameter will be selected as 6 centimeters. 

kgQ

cmA

d

P

72.2493882000002827.0

27.28 2



  

A.4. Calculation of shape coefficient 

Shape coefficient is an efficient parameter in 

stiffness and vertical load capacity and its calculation 

for rubber isolators is considered by dividing ratio of 

bearing area of the isolator into its surrounding area. 
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Ec : Elastic vertical pressure modulus 

A.5. Effective cross-sectional area based on the 

allowable axial stress 

The exact amount of the allowable axial stress 

should be determined by tests or confirmed reports of 

the Manufacture, but the experimental values are 

recommended between 6.9 to 8 N/mm. Hence, the 

area of the isolator can be calculated as follows: 
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A.6. Effective cross-sectional area of the shear strain 

caused by the vertical force 

b is the maximum tensile strain for the rubber at 

rupture point which is considered 500% as 

recommended by the references. 
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A.7. Elastic stiffness of isolator 

Behavior of Lead Plug Isolators is a two-linear 

behavior in which Ku is elastic stiffness or stiffness of 

unloading  and Kd is the stiffness after surrender. 

Since, the lead plug after surrender does not have 

stiffness, so the stiffness after yield is because of 

elastic stiffness (Kr). 
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A.8.  Reduced cross-sectional of the shear strain 

isolator 
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The reduced cross-sectional defined by remaining 

vertical cross-section after displacement. This 

reduced cross-sectional can be achieved by 

considering the shape of isolator as follows. 
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Figure A1- reduced cross-sectional of a circular isolator. 
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A.9. The final area 
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A.10. The number and thickness of the rubber layers 
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A.11. Thick of steel sheets 
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The overall thickness of each isolator unit is 

calculated by taking two sheets with 2.50 cm at the 

top and its bottom: 
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