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ABSTRACT: Indonesia is a country that has a fairly high seismicity intensity. Therefore, Indonesia needs 

seismic protection. One of the earthquake protections is to use an isolator system. One type of isolator system 

that is widely available is LCRB (Lead Core Rubber Bearing). The long-term use of lead-lead in isolator cores 

can cause soil pollution, and the price of lead material is very expensive. Most rubber layers are obtained from 

the isolator's country of origin so researchers developed the use of local rubber originating from Indonesia. In 

this study, innovating isolator bearings using Indonesian local rubber with a core system on isolators that are 

filled using environmentally friendly materials and do not pollute the soil such as sand, resin, rubber, and 

HDPE named SCLRB (Sand Core Local Rubber Bearing), ECLRB (Epoxy Core Local Rubber Bearing), 

RCLRB (Rubber Core Local Rubber Bearing), and PCLRB (HDPE Core Local Rubber Bearing), The method 

carried out for the evaluation of core bearing performance using environmentally friendly materials is to use 

finite element simulation ABAQUS is used to evaluate bearing performance as well as mechanical behavior. 

The results of the simulation of elements to mechanical behavior found that the efficiency of the base isolator 

using local rubber and various core fillers is environmentally friendly, which provides considerable damping 

and stiffness improvements and effectively limits lateral displacement. The results of the element simulation 

analysis showed that the innovation of environmentally friendly materials sand, epoxy, rubber, and HDPE for 

isolator cores can replace lead in isolator cores that can pollute the soil. 
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1. INTRODUCTION

Indonesia is a country that has a fairly high 

seismic intensity. This is because three major plates 

pass Indonesia in the world, namely Eurasia, Indo-

Australia, and the Pacific [1]. According to Pusgen 

data for 2018, Indonesia has experienced an 

increase in the number of active faults due to the 

activity of the Palu-Koro fault [2]. In 2018, a 

seismic event occurred due to the tectonic activity 

between these plates, resulting in a seismic event of 

magnitude 7.4 impacting the Palu region [3]. This 

earthquake caused tens of thousands of buildings to 

be damaged and collapse, as well as casualties due 

to falling buildings [4]. These conditions require 

Indonesia to have buildings that are resistant to 

strong earthquakes, which can reduce the risk of 

fatalities due to building collapses. Many methods 

have been developed and adopted by scientists to 

reduce the potential for damage to buildings due to 

earthquake activity, one of which is the use of base 

isolators as earthquake dampers [5,6]. The base 

isolator functions in the following way: a large 

earthquake will propagate to the isolation system 

before entering the main structure. Then, the 

isolation system dampens the existing seismic 

forces so that the vibration of the upper building is 

not too great [7,8]. Base isolator technology has 

become a mature energy dissipation technology in 

recent years. Laminated rubber bearing (LRB) is 

one of the most economical types of isolation 

systems in buildings for seismic energy dissipation 

purposes [9,10]. Research focuses on creating 

rubber bearings with shim layers made of fiber 

utilizing Indonesian natural rubber, with the goal of 

proving that carbon fiber and fiberglass shim layers 

provide the same hyperplastic qualities as plate 

shim layers were carried out [11]. LRB 

performance can be improved by adding a lead core, 

which was first introduced by Robinson in 1977. 

The resulting lead core rubber bearing (LCRB) 

exhibits significant shear and compression stiffness 

compared to LRB [12]. In addition, the use of lead 

produces a low pressure of 10 MPa and 

recrystallizes at room temperature, increasing the 

damping properties of the bearings and the 

elastomeric stiffness [13]. The use of lead in bearing 

technology has advantages as well as 

disadvantages. Lead contaminates the soil and can 

persist for centuries [14]. People living around these 

areas are at high risk of exposure to lead, and 

exposure to lead is always harmful to human health 

[15]. Ghrewati et al conducted a numerical analysis 

of the effect of replacing lead cores with rubber on 

the mechanical properties of lead rubber bearings. 

They found that the inserted rubber core increased 

the cushioning's damping, and this study agreed that 

the introduction of the rubber core reduced the 

stiffness of the elastomeric bearing [16]. Tan and 

Hejazi proposed a new elastomeric bearing with a 
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steel core and a filler system consisting of granular 

and polymer fillers as an improvement over the 

conventional elastomeric bearings. Researchers 

have found that the application of a steel core and 

filler increases the shear strength and energy 

dissipation of the bearing while reducing damping. 

The researchers said that the system with fully filled 

sand was the most profitable because the increase 

achieved was the highest, while the decrease in 

attenuation was not significant [17]. This research 

develops elastomer bearings by replacing rubber 

layers using local Indonesian rubber and develops 

new findings of new materials to replace the lead 

that are not friendly to the environment in isolator 

cores and filling systems consisting of sand, resin, 

rubber, and HDPE fillers. Modeling of mechanical 

properties of materials using ABAQUS finite 

element simulation, the proposed elastomer bearing 

performance is compared with the elastomer 

bearing performance using lead. So as to get the best 

material to replace the lead filling. In the discussion 

of the next sub-chapter discusses the comparison of 

simulation models with experimental models 

carried out by previous researchers. After the model 

is validated, it continues with the analysis of 

element simulations until the model is developed. 

Data on the mechanics, stress and deformation 

properties of the model are obtained. After all the 

models are obtained, the results are drawn to 

conclude whether environmentally friendly 

materials can replace lead that is less 

environmentally friendly. 

 

2. RESEARCH SIGNIFICANCE  

 

The main objective of this research is to develop 

a variety of rubber cushion core fillings, including 

Sand, Epoxy, Rubber, and HDPE materials, to 

identify suitable alternatives to substitute for lead 

materials, which can cause environmental problems. 

Examine the mechanical properties demonstrated 

by the individual filler core local rubber bearing 

models, starting with analyzing energy dissipation, 

effective stiffness, damping ratio, characteristic 

stiffness, and post-melting stiffness. To ensure the 

characteristic behavior of each model, variations of 

the core material can be used as a substitute for lead 

material. So this base isolator is designed to be 

environmentally friendly and easily accessible, 

making it suitable for application in various 

building structures. 

 

3. MATERIALS AND METHODS 

 

3.1 General  

 

To start modeling research using the finite 

element method, the first stage is validating the 

ABAQUS numerical model against the 

experimental research model produced by Tan et al. 

[18]. Figures 1 and Figure 2 illustrate the geometric 

model of the base isolator model and the validation 

results between the finite element and experimental 

models. Numerical validation analysis Testing the 

LCRB model using ABAQUS will use vertical 

compression and lateral displacement tests. A 

compression test of 180000 N and a lateral design 

displacement (horizontal load) of 30 mm is defined 

as the displacement at the point of loading. Three 

sinusoidal cycles of displacement are applied 

laterally; the frequency is known to be 0.566 Hz or 

0.349 rad/sec in circular frequency. The time 

required to complete one cycle is 18 seconds with 

three sinusoidal cycles, where the force-

displacement relationship for the last cycle is used 

to obtain the elastomeric bearing characteristics. 

 

 

Fig.1 Sand core rubber bearing (SCRB) 

 

3.2 Bearing Dimension 

 

In the study shown in Figure 2, bearing 

dimensions in the development of isolator core 

filling systems, including SCLRB (Sand Core Local 

Rubber Bearing), ECLRB (Epoxy Core Local 

Rubber Bearing), RCLRB (Rubber Core Local 

Rubber Bearing), and PCLRB (HDPE Core Local 

Rubber Bearing), the proposed circular elastomeric 

bearing comprises a rubber layer (nr = 12) and a 

steel shim layer (ns = 11). The width and length of 

the top and bottom plates are (Wtop = Wbot = Ltop 

= 1294 mm), while the thickness of the plates is 

(Ttop = Tbot = 44 mm). Steel shim thickness (ts = 

3 mm). The thickness of the rubber layer for the 

outermost layer (tro = 38 mm) with the number of 

layers is 2. The thickness of the inner rubber layer 

(tri = 36 mm) with the number of layers is 10. 

Bearing diameter (Db = 1194 mm) and core 

diameter (Dvoid = 100 mm). Steel Core Dimensions 

(Dctop = 20 mm, Dcbot = 30 mm, Hcs = 280 mm).     

 

Fig.2 Dimension of the component in elastomeric  
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3.3 Material Properties  

 

This section shows the mechanical properties of 

all the materials used in elastomeric bearing 

simulations by finite element modeling. 

 

3.3.1 Rubber material 

Bearing constituent material taken from the 

experimental results of Wijaya and Tavio [19] is 

Indonesian natural rubber, isoprene. The hardness 

of the proposed rubber is IRHD 60, and the 

corresponding shear modulus is 0.9 ± 0.15 N/mm2. 

Many hyperelastic models are available at 

ABAQUS [20].  Among the many hyperelastic 

models, Ogden's model is adopted in this study. The 

ability of the Ogden hyperelastic model to predict 

rubber behavior has proven reliable [21]. The strain 

function – energy W for Ogden's hyperelastic model 

is shown in Equation 1. 

1 2 32
1

2
3i i i

N
i

i i

W
  

  
=

 = + + −                             (1) 

Where λ1, λ2, and λ3 are principal strains. N is the 

order of the energy strain function. At the same time, 

μi and αi are material constants, shown in Table 1. 

 

Table 1 Material constants of Ogden hyperelastic 

model 

 

 
. 

 

 

 

 

 

Rubber hysteretic parameters using Bergstrom 

and Boyce method. The function of the hysteresis 

parameter is to evaluate the cyclic factor of the 

isolator. Rubber hysteretic parameters can be seen 

in Table 2.  

 

Table 2 Hysteresis parameter defined for rubber 

material 

 

S Ĉ1 m C2 

50 4 x 10-10 8 0 

 

The parameters presented by Bergstrom and 

Boyce encompass the variables outlined in Table 2. 

In civil engineering, we denote the stress scaling 

factor as S, the creep factor as Ĉ1, the effective 

stress exponent as m, and the creep strain as C2. In 

this investigation, the cyclic shear examination 

yields a hysteresis curve, thereby facilitating the 

utilization of the Bergstrom and Boyce parameters 

to adapt the model to the empirical findings. 

 

3.3.2 Material Steel, Sand, Epoxy, HDPE, and Lead 

Table 3 shows the mechanical properties of steel, 

sand, epoxy, HDPE, and lead materials. Used in 

elastomeric bearing core simulation, the finite 

element modeling method. 

 

Table 3 Mechanical properties of Steel, Sand, 

Epoxy, HDPE, and Lead 

 

Material Model Properties 

Steel General elasticity [18] E = 210 GPa 

 General plasticity [18] ν = 0.3 

Sand General elasticity [22] E = 132 MPa 

 General plasticity [22] ν = 0.3 

Epoxy General elasticity [23] E = 1317 MPa 

 General plasticity [23] ν = 0.35 

  σy = 16.5 MPa 

  εy  = 1.16 % 

  σu = 25.8 MPa 

  εu  = 2.9 % 

HDPE General elasticity [24] E = 496.3 MPa 

 General plasticity [24] ν = 0.44 

  σy = 26.1 MPa 

Lead General elasticity [18] E = 18 MPa 

 General plasticity [18] ν = 0.3 

  σy = 10 MPa 

 

 

3.4 Model Meshing   

 

Hexagonal elements unite all the components in 

one type of elastic pad. C3D8R elements, linear 

hexagonal solid elements reduced to eight nodes 

and three degrees of freedom under hourglass 

control, were used to model steel shims, steel cores, 

top and bottom plates, epoxy, HDPE, and lead. On 

the other hand, a C3D8RH element, a compact 

linear hexagonal solid element with eight nodes and 

three degrees of freedom under hourglass control 

and a constant pressure hybrid, is implemented for 

the rubber coating. A linear triangular prism with 

elements of six vertices and three degrees of 

freedom (C3D6) is constructed for the sand mass 

Figure 3. 

 

 

Fig.3 Meshing model for elastomeric bearings 

 

 

Model Ogden N=3 

μ α 

0.3326 2.4466 

0.3326 2.4466 

0.3326 2.4466 
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3.5 Loading and Interaction   

 

The proposed elastomeric bearings must have 

been tested to the requirements stipulated by SNI 

1726-2019. Part of Article 12.8 of SNI 1726-2019 

is used as a reference for testing elastomeric 

bearings [25]. Three full shear cycles are applied to 

the bearings in the fully engaged condition. In this 

study, the compressive design load was obtained 

from the results of the axial force-bearing reaction 

of the dead, live, and earthquake loads in the 

analysis of the Aster Inpatient Building, Tidar 

Hospital, six floors. With modifications to the core 

material variations SCLRB (sand core local rubber 

bearing), ECLRB (epoxy core local rubber bearing), 

RCLRB (rubber core local rubber bearing), and 

PCLRB (HDPE core local rubber bearing), the 

magnitude of the uniform vertical load is 2.75 MPa. 

All nodes on the top face are connected to the 

loading point via beam-type multi-point constraints, 

available in ABAQUS [20]. A lateral design 

displacement of 200 mm is applied as a cyclic 

lateral displacement at the loading point. Three 

sinusoidal cycles of horizontal displacement are 

defined and applied laterally, with a frequency of 

0.1012 Hz, or 0.636 rad/s, in the circular frequency 

of Figure 4. 

 

Fig.4 Sinusoidal lateral displacement cycles applied 

during finite element 

 

Axial loads are applied in the first analysis step, 

while cyclic lateral displacements are applied in the 

second step. The axial load is distributed in the 

second stage, simulating the combination of axial 

load and lateral displacement during cyclic shear 

testing. The soffit on the bottom cover plate is 

expected to have an encastre boundary condition 

during analysis. As with the top plate, there is only 

translational motion along the x and z directions 

since shear and longitudinal forces are allowed, 

respectively. The top plate is held against rotation. 

This definition simulates the condition where the 

superstructure has very high rotational stiffness [18]. 

Tie constraints are defined for the contact interfaces 

between all bearing components. 

3.6 Characteristic of Elastomeric Bearing 

 

The characteristics of an isolation system are 

usually described in terms of the effective stiffness 

keff, the damping ratio ξ, the characteristic strength 

Q, and the post-melting stiffness kd. This parameter 

is derived from the lateral displacement force curve 

obtained from cyclic shear testing. The calculation 

method for this characteristic can be seen in 

equations 2, 3, 4, and 5 [18]. 
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where dp and dn are the maximum positive and 

negative displacements applied during the test. Fp 

and Fn are the forces corresponding to dp and dn, 

respectively. EDC is the total energy dissipated in 

each cycle, determined by measuring the hysteresis 

loop area of the force-side displacement curves. Qp 

and Qn are the positive and negative intersections of 

the curve and the vertical axis.  

 

4. RESULT AND DISCUSSION 

 

4.1 Model Validation Result  

 

After the numerical validation model has been 

modeled and finished running, the next step is to 

conduct a modeling analysis by comparing the 

validation results with experimental research to 

prove the accuracy of each model. The area of the 

hysteresis curve loop is a form of energy dissipation 

generated by the SCRB and ECRB models in 

damping lateral forces due to lateral loading, so the 

area of the hysteresis curve can be used to calculate 

the damping value. The following is a comparison 

plot of the hysteresis curve between the validation 

and experimental models, which can be seen in 

Figure 5 and Figure 6 from the study of Tan et al. 

[18]. 

The results of validating the SCRB and ECRB 

models with the experimental research model from 

Tan et al. [18] judging from the shape of the 

hysteresis curve in Figure 5 and Figure 6, there is a 

difference in the shape of the curve between the 

experimental control model and the validation 

model. In comparison, the FEA control curve model 

and the validation model are close to the same. The 
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difference occurs due to the imperfection of the 

model proposed by Bregstrom and Boyce in 

describing the rubber material in the elastomeric 

bearings tested. 

 

Fig.5 Hysteresis curve model validation SCRB 

 

 

Fig.6 Hysteresis curve model validation ECRB 

 

The inaccuracy of the experimental results of 

finite element analysis is caused by the mechanical 

properties of chloroprene rubber, where the 

unloading behavior is less dependent on time. As a 

result, the predicted hysteresis curve shows good 

agreement during the loading step.  

The journal Tan et al [17] shows a significant 

discrepancy between the numerical model and the 

experimental results. The difference occurs due to 

the need for accuracy regarding implicit material 

variables and hyperelastic calibration values. As for 

the results of the validation analysis, the difference 

between the results of the numerical validation 

model and the results of the numerical control 

obtained is a difference that is still very 

representative or still acceptable. So that the 

modelling and numerical parameters can be used for 

the purposes of developing modified models. 

4.2 Numerical Result Local Core Rubber 

Bearing with Material Variation 

 

The following is the result of finite element 

analysis modeling for the development of the 

SCLRB (sand core local rubber bearing), ECLRB 

(epoxy core local rubber bearing), RCLRB (rubber 

core local rubber bearing), and PCLRB (HDPE core 

local rubber bearing) models, as well as using 

rubber local Indonesian for each layer of bearing 

pad. Evaluation of the development of isolator core 

material is useful for finding a replacement for 

copper lead plugs with environmentally friendly 

materials. The following is a hysteretic loop graph 

of the evaluation of material variations shown in 

Figure 7. Table 4 also shows the mechanical 

behavior of each model. 

 

 

Fig.7 Result of hysteresis loops model core rubber 

bearing 

 

The results of finite element numerical analysis, 

seen from the shape of the hysteresis curve in Figure 

12 and observed from the area of the curve, show 

that the order of increasing energy dissipation 

ability occurs in the SCLRB (sand core local rubber 

bearing) model, ECLRB (epoxy core local rubber 

bearing), RCLRB (rubber core local rubber bearing), 

and PCLRB (HDPE core local rubber bearing), 

which is further improved compared to the LCLRB 

model. Based on the recapitulation of the results of 

the comparative analysis of mechanical 

characteristics in Table 4, the energy dissipation, 

stiffness, and damping ratio values for each 

variation of the rubber-bearing isolator core filler 

material proved that research on variations in core 

filling materials using sand, epoxy resin, rubber, 

and HDPE can be used as a substitute for 

environmentally friendly copper lead plugs. 
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Table 4 Comparison of core rubber bearing mechanical behavior characteristics with core material variations 

 

Model Wd (kNmm) Keff (kN/mm) 𝜉 (%) Q (kN) Kd (kN/mm) 

LCLRB 3512399.84 34.36 40.88 6296.48 2.81 

SCLRB 3525151.88 35.24 39.87 6439.20 3.02 

Δ S-L (%) 0.36% 2.56% -2.46% 2.27% 7.74% 

ECLRB 3774797.17 36.17 41.60 7052.62 0.88 

Δ E-L (%) 7.47% 5.26% 1.76% 12.01% -68.52% 

RCLRB 3608572.75 34.79 41.38 6542.51 2.05 

Δ R-L (%) 2.74% 1.26% 1.22% 3.91% -27.12% 

PCLRB 3657771.24 34.74 42.27 6599.14 1.61 

Δ P-L (%) 4.14% 1.12% 3.41% 4.81% -42.77% 

Judging from the type of material used to 

replace the isolator core, it is best to use materials 

that have shape memory alloy properties and 

hyperelastic properties because they have high 

flexibility so that they have energy dissipation 

values, considerable stiffness, and good damping 

values compared to other materials. Of the three 

epoxy, rubber, and HDPE materials, the good-

shaped memory alloy material is HDPE. In terms of 

easy material maintenance, sand material is very 

superior because sand is a material in which sand is 

superior to the shear forces that occur where the 

mass of sand contributes to the shear strength by 

using friction between sand and sand particles, 

which also effectively transfers stress from the 

loading plate to the core. Steel because sand 

provides better rigidity but has less flexibility. Sand 

material is very useful in increasing the value of 

post-melting stiffness to control the displacement of 

the base isolator and superstructure. 

 

4.3 Comparison of Stress Contours for Core 

Filling Material Variation 

 

The effect of the variation of the core rubber 

bearing filling material is evaluated for its 

mechanical behavior and the maximum stress that 

occurs in the base isolator model. Below, Figures 8 

to Figure 12, are the maximum stress for each base 

isolator model. 

 

 

 

 

 

 

 

 

 

 

 

Fig.8 Maximum stress contour model LCLRB 

 

 

 

 

 

 

 

 

 

 

 

Fig.9 Maximum stress contour model SCLRB 

 

 

 

 

 

 

 

 

 

 

Fig.10 Maximum stress contour model ECLRB 

 

 

 

 

 

 

 

 

 

 

 

Fig.11 Maximum stress contour model RCLRB 

 

 

 

 

 

 

 

 

 

 

 

Fig.12 Maximum stress contour model PCLRB 
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The maximum stress experienced by the filler 

core rubber bearing is dependent on the material 

used to fill the isolator, which determines the 

maximum voltage value. In the LCRB test object, 

as shown in Figure 13, the lead stuffing layer 

experiences the highest stress at Shim steel layer 1, 

reaching a value of 235 MPa. The peak stress 

experienced within the shim region manifests at the 

periphery of the steel shim layer, resulting from the 

thermal effects induced by the friction between the 

rubber material and the compromised leads. In 

relation to the rubber layer, it is noteworthy that the 

maximum stress experienced remains consistently 

at a magnitude of 10.24 MPa. The stress 

concentration within the rubber layer is observed at 

the periphery of the aperture, resulting in 

detrimental effects on the rubber edge, primarily 

manifested as melting. The upper and lower steel 

plates endure the highest magnitude of stress at the 

periphery region, measuring 18.9 MPa. According 

to the theoretical framework proposed by Kelly and 

Neim, it is observed that lead exhibits a stress 

magnitude of 10 MPa. This stress is primarily 

attributed to alterations in the flow of stress, 

resulting in changes in the shape of the material. 

The maximum stress values observed in the 

material filling are attributed to different variations, 

specifically SCLRB, ECLRB, RCLRB, and 

PCLRB test objects depicted in Figure 9, Figure 10, 

Figure 11, and Figure 12. These test objects 

undergo maximum stress and yield in the steel core 

area, reaching a magnitude of 235 MPa. This stress 

is a result of the shear force experienced by the core 

steel due to the presence of the filler and isolator. 

Furthermore, the stress distribution from the top 

plate to the steel core leads to failure at the end of 

the steel core. The steel shims labeled as 1 and 11 

are subjected to the highest stress, measuring 235 

MPa. This is primarily due to the steel core system 

being in direct contact with both the top and bottom 

cover plates. Consequently, the steel shim 

encounters an equivalent maximum stress level as 

the steel core. 

 

5. CONCLUSION 

 

In this study, local rubber elastomeric bearings 

with a filling system consisting of sand, epoxy 

resin, rubber, and HDPE fillers can be drawn the 

following conclusions: 

1. The results of the validation analysis of the 

numerical models of SCRB and ECRB in the 

experimental research of Tan et al. showed 

significant differences in the shape of the 

hysteresis curve in experimental with 

numerical due to the model proposed by 

Bregstrom and Boyce in describing rubber 

materials. However, it is still representative to 

be used as a reference for the development 

model. 

2. The results of the mechanical behavior analysis 

of environmentally friendly core filler material 

models using local rubber include SCLRB, 

ECLRB, RCLRB, and PCLRB models. Good 

mechanical behavior is obtained from each 

model that can replace lead cores that are not 

environmentally friendly. 

3. From the analysis of stress behavior it is known 

that the maximum stress in the local rubber 

cushion core filler model occurs in the steel 

core. Where the steel core occurs due to shear 

forces from the filler and isolator as well as the 

stress distribution from the top plate to the steel 

core. 

4. The results of the element simulation analysis 

showed that the innovation of environmentally 

friendly materials sand, epoxy, rubber, and 

HDPE for isolator cores can replace lead in 

isolator cores that can pollute the soil. 
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