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Abstract-An earthquake, being a catastrophic event, possesses the potential to induce significant structural
damage, particularly to buildings. Henceforth, it is imperative to incorporate seismic protection measures
into the design and construction of buildings. Over the course of the past two decades, there has been a
notable surge in the adoption and implementation of seismic engineering methodologies. Utilizing an
isolation system is a viable approach to implementing seismic protection measures. The fundamental
operational concept of the isolation system entails the transmission of seismic activity from an impending
earthquake to the isolation system prior to its infiltration into the primary structure. Subsequently, the
implementation of the isolation system shall effectively mitigate the seismic forces, thereby ensuring that the
oscillation experienced by the superstructure remains within acceptable limits. One of the numerous
classifications of isolation system encompasses the Lead Core Rubber Bearing, commonly referred to as
LCRB. The prolonged utilization of lead within the isolation core may result in soil contamination. In this
study, isolation bearings with high-density polyethylene (HDPE) filler core system were developed. These
bearings incorporate a locally sourced rubber material known as PCLRB (HDPE Core Local Rubber Bearing).
The purpose of this development is to enhance the performance of the base isolation in effectively dissipating
seismic energy during earthquakes. The substitution of the lead core with HDPE is recommended due to
HDPE's superior capacity to enhance damping, dissipate energy, and improve bearing stiffness. In order to
assess the performance of bearings constructed with filler-core local rubber bearing systems, it is imperative
to analyze the behavior of the HDPE core. This can be achieved through the use of finite element analysis. The
numerical findings demonstrate the efficacy of the base isolator employing a regional rubber-bearing core
filler core system that imparts heightened damping, substantial stiffness, and mitigates lateral locking. The
implementation of PCLRB (HDPE Core Local Rubber Bearing) has the potential to effectively mitigate the
detrimental effects induced by seismic events.
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imperative for Indonesia to prioritize the

l. INTRODUCTION development of structures with robust seismic

Indonesia is a country renowned for its significant
seismic activity. The phenomenon at hand is
attributed to the presence of three significant tectonic
plates, specifically Eurasia, Indo-Australia, and the
Pacific, which traverse the region of Indonesia (U.
Wijaya et al., 2020). During the initial years of 2022, a
seismic event of considerable magnitude, measuring
6.7 on the Richter scale, transpired, thereby impacting
the Banten area. According to the Pusgen data for the
year 2018, it has been noted that Indonesia has
witnessed a rise in the count of active faults, primarily
attributed to the dynamic behavior exhibited by the
Palu-Koro fault (Jaya et al., 2019). Based on the
research conducted by Pawirodikromo (2012) it is

resistance capabilities. This strategic approach
aims to minimize the risk of casualties resulting
from structural failures during seismic events of
significant  magnitude. @A  multitude of
methodologies have been developed and adopted
by the scientific community in order to mitigate
the potential for structural damage resulting from
seismic  events. Within this array of
methodologies, the implementation of base
isolators as seismic dampers has emerged as a
feasible and effective resolution (Habieb et al,
2017). To date, the design
methodologies employed in civil buildings align

with established and

structural

customary practices.
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Regarding the design of structures that can withstand
earthquakes, it is customary to employ fixed bases as
the predominant methodology (Ozer et al, 2022).
Numerous methodologies have been devised and
implemented by diligent researchers in order to
mitigate the potential for structural harm resulting
from seismic occurrences. Among these approaches
lies the utilization of base isolators as a means of
seismic damping (Habieb et al., 2018).

Base isolators, as per the findings of Mayes et al
(2019) have gained extensive utilization since the
1950s. The progressive expansion of the rubber
sector has persistently advanced the production of
stratified rubber pads utilized in base isolators. The
fundamental operational concept of the isolation
system entails the transmission of seismic activity
from an impending earthquake to the isolation system
prior to its infiltration into the primary structure.
Subsequently, the implemented isolation system shall
effectively mitigate the prevailing seismic forces,
thereby ensuring that the amplitude of vibration
experienced by the superstructure remains within
acceptable limits (Habieb et al.,, 2019). The Lead Core
Rubber Bearing (LCRB) is a frequently employed
isolation system in buildings. The specified system
necessitates the utilization of an insulating
component fabricated from an elastomeric block,
commonly comprised of natural rubber or neoprene,
that is additionally strengthened with steel lead. The
placement of these leads has been strategically
determined to effectively encompass one or two
central cylinders, thereby augmenting the overall
structural integrity of the system (Kazeminezhad,
2023). The utilization of Lead Core Rubber bearings
(LCRB) possesses the inherent -capability to
ameliorate the detrimental repercussions of seismic
occurrences on edifices through proficiently
diminishing acceleration and displacement (Yasar et
al, 2023). The performance of lead-core rubber
bearings (LCRB) can be enhanced through the
incorporation of a lead core, a concept initially
introduced by Robinson in 1977. This addition results
in a notable increase in shear and compression
stiffness within the lead core rubber bearing (LCRB).
Furthermore, the utilization of lead results in a
diminished pressure level of 10 MPa and undergoes
recrystallization at ambient conditions. This, in turn,
leads to an

augmentation in the damping
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characteristics of the bearings and an elevation in
the elastomeric stiffness (Robinson & Tucker,
1977). Dhumal et al (2023) In the course of
investigating the behavior of a lead-rubber-
bearing isolated structure, it was observed that
the incorporation of LCRB within a 20-story
edifice led to certain notable outcomes. These
included an elongation of the natural period, a
decrease in the mitigation of base shear, an
elevation in lateral displacement, and a
diminution in the occurrence of significant
displacements caused by seismic activity.

The use of lead in bearing technology presents
both merits and demerits. The presence of lead in
soil poses a significant concern as it has the
potential to endure for extended periods,
spanning several centuries. (Nagar et al.,, 2023).
According to the research conducted by (Juberg et
al (1997) it has been observed that individuals
residing in close proximity to the lead core rubber
bearing (LCRB) zone face a significant
susceptibility to lead exposure. It is imperative to
note that exposure to lead is wuniversally
detrimental to human well-being. In order to
foster scientific innovation, it is imperative to
explore alternative materials that can effectively
substitute the lead core. n order to foster
innovation, it is imperative for scientists to
diligently explore alternative materials that can
effectively substitute the lead core. The innovative
contribution put forth by Katsamakas et al (2022)
In order to facilitate scientific innovation, it is
imperative to explore alternative materials that
can effectively substitute the lead core. The
innovative contribution put forth by Katsamakas
et al. (2022) entails the development of a rubber
ball bearing (BRB). This novel bearing design
incorporates rubber aminations and features a
centrally positioned aperture within a traditional
bearing structure, wherein a rubber ball is
situated. The proposed mechanism has
demonstrated its efficacy in augmenting the
dissipation of bearing energy as well as enhancing
both vertical and lateral stiffness. Tan & Hejazi
(2022) proposes a new elastomeric bearing with a
steel core and a filler system consisting of a
granular and/or polymer filler as an improvement
over the elastomeric

conventional bearing.
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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 damping was not significant.

A supplementary innovative
undertaken, which entailed the replacement of the
bearing pad with vulcanized rubber sourced from
Indonesian natural rubber. The aforementioned
modification was executed with the objective of
reducing production costs, thus making the base
isolation economically feasible and appropriate for
utilization in diverse architectural constructions. The
research undertaken by Rofiq et al (2022) sought to
develop Lead Rubber Bearing (LRB) materials using
Indonesian natural rubber as a basis. Based on the
findings of the investigation, it was determined that
the inclusion of carbon in the mixture resulted in
hyperplastic characteristics that were comparable to
those observed in mixtures without carbon addition.
The present study introduces a novel approach to
enhancing the performance of Indonesian rubber
elastomeric bearings by incorporating a steel core
and employing a filling system comprising HDPE filler.

measure was

This eco-friendly solution serves as a viable substitute
for lead-core-bearing isolation s. Given the inherent
properties of HDPE, it possesses a notable advantage
in the form of SMA (Shape Memory Allow). This
characteristic enables the material to revert back to
its original state when subjected to a tensile force, as
elucidated by (Rueda 2015).
menggunakan simulasi elemen hingga ABAQUS,
kinerja bantalan elastomerik yang diusulkan
dibandingkan dengan bantalan karet timbal.

et al, Dengan

II. MATERIALS AND METHODS

A Bearing Dimension

In the analysis presented in Figure 1, the provided
dimensions pertain to the design of a PCLRB (HDPE
Core Local Rubber Bearing) rubber bearing core
filling system. The suggested elastomeric bearing, in a
circular configuration, comprises a rubber layer (nr =
12) and a steel shim layer (ns = 11). The dimensions
of the top and bottom plates are as follows: The width
(Wtop = Whot) and length (Ltop) are both equal to 1294
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mm. Additionally, the thickness of these plates
(Ttop = Tbot) measures 44 mm. The thickness of
the steel shim is determined to be 3 millimeters (ts
=3 mm). The rubber layer for the outermost layer
shall have a thickness of 38 mm, with a total of 2
layers. The inner rubber layer has a thickness of 36
mm and consists of a total of 10 layers. The bearing
diameter, denoted as Db, is measured at 1194
millimeters, while the core diameter, referred to as
Dvoid, is measured at 100 millimeters. The steel
core dimensions are as follows: the top diameter
(Dctop) measures 20 mm, the bottom diameter
(Debot) measures 30 mm, and the height (Hcs)
measures 280 mm.

, 1294 ,
K 1194 ‘
e ——— .
=T 20 Steel Shim
N 36r— s -——1inner Rubber
ol = iller Isian
. Steel Plate
7 Steel C
547 100 > ~Or€
Figure 1: Dimension of component in

elastomeric bearing eqipped with proposed
core filler system

B. Bearing Dimension

The bearing material utilized in accordance with
the findings study
conducted by (Tavio & Wijaya, 2020), comprises of

from the experimental

Isoprene, a type of Indonesian natural rubber. The
proposed rubber exhibits a hardness of 60
International Rubber Hardness Degrees (IRHD),
while concurrently possessing a shear modulus of
09 =+
(N/mm?2). A variety of hyperelastic models can be
found within the ABAQUS software package
(Abaqus, 2014). In this study, Ogden's model has
been selected from a range of hyperelastic models.
The Ogden hyperelastic model has demonstrated

0.15 Newtons per square millimeter

commendable reliability in accurately predicting
the behavior of rubber materials. Equation 1
exhibits the strain function, denoted as the energy
W, pertaining to Ogden's hyperelastic model.
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Where A1, A2 and A3 adalah regangan Utama, N is the
order of the energy strain function. While pi and ai
material constants, shown in Table 1.

Table 1: Material constants of Ogden hyperelastic
model

Model 11 o
Ogden N=3
0.3326 2.4466
0.3326 2.4466
0.3326 2.4466

C. Material HDPE & Lead

Material Materials Table 2 shows the mechanical
properties of each material, namely HDPE taken from
the research by Rueda et al (2015) and Lead taken
from the research (Tan et al, 2022). used in
elastomeric bearing core simulation using the finite
element modeling method.

Table 2: Mechanical properties of HDPE and Lead

Material Model Properties
HDPE General E = 496.3
elasticity MPa
General v=0.44
plasticity
oy = 26.1
MPa
Lead General E =18 MPa
elasticity
General v=0.3
plasticity
Gy = 10
MPa

D. Model Meshing
Meshing Meshing involves the subdivision of the
designated region into individual elements. In the
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case of the rubber layer and the core filled with
rubber, the model employs the C3D8RH meshing
technique. This technique utilizes solid hexahedral
linear elements that consist of eight nodes and
possess three degrees of freedom. These elements
are subjected to hourglass control and are hybrid
in nature. Additionally, constant pressure is
applied to the rubber layer. The C3D8R meshing
type is utilized for the steel plate, steel core, and
shim materials. This particular meshing type
consists of a linear hexahedral solid element with
eight nodes and three degrees of freedom. It is
designed to effectively control hourglass effects
while applying constant pressure, excluding
rubber materials. Figure 2 depicts a meshing
representation of the PCLRB (HDPE Core Rubber
Bearing) model.

Figure 2: The proposed meshing model for
elastomeric bearings

E. Loading and Interaction

The elastomeric bearings being considered for
implementation must undergo thorough testing in
accordance with the specifications outlined in SNI
1726-2019. The utilization of a specific section,
namely Article 12.8, within the SNI 1726-2019
code serves as a point of reference when
conducting examinations on elastomeric bearings.
(BSN, 2019). The bearings undergo a total of three
complete shear cycles in conjunction with the
state of full engagement. In this study, the design
compressive load was derived based on the axial
force bearing reaction results of the dead, live, and
earthquake loads during the analysis of the Aster
Inpatient Building, located at Tidar Hospital and
spanning across 6 floors. The vertical loading of
the test specimen was altered through
adjustments in the PCLRB (HDPE Core Local
Rubber Bearing) core material, resulting in a
uniform vertical load of 2.75 MPa. The
connectivity between all nodes located on the
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upper surface is established by employing beam-type
multi-point constraints, a feature conveniently
provided within the ABAQUS software. A cyclic lateral
displacement of 200 mm is implemented as a design
lateral displacement at the specific loading location.
Three sinusoidal cycles of horizontal displacement
have been defined. dan diterapkan secara lateral,
dengan frekuensi 0.1012 Hz, atau 0,636 rad/s dalam
frekuensi melingkar dapat dilihat pada Gambar 3.

Time vs Displacement

X0

Displasemant. )
=

o 3 i} 1 i} Pl EY

Tima (s2c)
Figure 3: Sinusoidal lateral displacement cycles
applied during finite element

F. Characteristic of Elastomeric Bearing

The Isolation system is typically characterized by
parameters such as the effective stiffness keff, the
damping ratio &, the characteristic strength Q, and the
post-melting kd. The aforementioned
parameter is derived through the analysis of the

stiffness

lateral displacement force curve, which is obtained by
conducting cyclic shear testing. The methodology for
determining this particular attribute is elucidated
through equations 2, 3, 4, and 5.

F,-F

keff _dp_dn (2)
£ 2EDC 2 )
rky (d, —d,)
1
Q=§(Qp -Q,) (4)
kd ZE(FP_QP_Fn_QnJ (5)
2| d, d

Where dp and dn represent the utmost magnitudes of
positive and negative displacements, respectively,
which are applied during the course of the test. The
forces Fp and Fn are the respective counterparts to
the forces dp and dn. The EDC, or Total Energy
Dissipated in Each Cycle, is ascertained by quantifying
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the hysteresis loop area of the force-side
displacement curves. The points Qp and Qa
represent the locations where the curve intersects
the vertical axis, with Qp denoting the positive
intersection and Qn representing the negative
intersection. Figure 4 presents a graphical
representation elucidating the parameters and
characteristics that can be ascertained from the
curve depicting horizontal displacement forces.

= /D)< 11,, » Displacement
EDC ) kg
F,

Figure 4: Parameters and characteristics of

elastomeric bearing in lateral force-
displacement curve

1. Result and Discussion

A Numerical Result Local Core Rubber Bearing

with Material Variation

The finite element analysis modeling has yielded
the outcomes for the development of the PCLRB
(HDPE Core Local Rubber Bearing) model,
incorporating the utilization of local Indonesian
rubber for each layer of the bearing pad.

HYSTERESIS CURVE MODEL

PCLRB

HDPE RE LOCAL RUBBER BEARIN
( co O %5 RY ©)
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Figure 5: Result of hysteresis loops model
PCLRB
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The assessment of the progress made in the
advancement of insulator core material holds
significant value in the quest for identifying suitable
alternatives to copper lead plugs that align with
sustainable and eco-friendly principles. The provided
information includes a hysteric loop graph derived
from the assessment of different material variations,
as depicted in Figure 5 and Table 3..

Table 3: Comparison of FCLRB mechanical
behavior characteristics with core material
variations

Mo Q Ka
del Wq Kesr (% ( (kN/
(KNm (kN/ ) k mm)
m) mm) N

)
LC 35123 34.36 40. 6 2.81
LR 99.84 88 2
B 9

6.

4

8
PC 36577 34.74 42. 6 1.61
LR 71.24 27 5
B 9

9.

1

4
A b 4.14% 1.12 3.4 4., -
L % 1% 8 42.7
(% 1 7%
) %

Based on the findings derived from the finite element
numerical analysis, as depicted by the hysteresis
curve illustrated in Figure 12, it is evident from the
curve's magnitude that the PCLRB (HDPE Core Local
Rubber Bearing) model exhibits a higher energy
dissipation capacity compared to the LCLRB (Lead
Core Local Rubber Bearing) model. Upon reviewing
the summarized outcomes of the comparative
assessment of mechanical properties presented in
Table 3, it is observed that the energy dissipation,
stiffness, and damping ratio values are provided for
every variant of the rubber bearing insulator core
filler material. The investigation demonstrates the
viability of utilizing High-Density Polyethylene
(HDPE) as a potential alternative to ecologically
sustainable copper lead plugs in the context of core
filling materials. Based on the selection of materials
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for the replacement of the insulator core, it is
advisable to opt for materials exhibiting shape-
memory alloy characteristics and hyperelastic
properties. These materials possess superior
flexibility, enabling them to effectively dissipate
energy. Additionally, they exhibit considerable
stiffness and excellent damping capabilities when
compared to alternative materials. Regarding
material maintenance, it is worth noting that
HDPE material exhibits remarkable superiority in
enhancing post-melting stiffness. This particular
attribute plays a crucial role in effectively
regulating the displacement of base isolation and
superstructures.

B. Numerical Result Local Core Rubber Bearing
with Material Variation

The assessment of the impact of the HDPE core
rubber bearing filling material encompasses an
examination of its mechanical characteristics as
well as an evaluation of the maximum stress
experienced by the base isolation model. The
maximum stress is indicated beneath Figures 6
and 7, corresponding to each base isolator

Figure 6: Maximum Stress Counturs Model
LCLRB

S, Mises

(Avg: 75%)
+2.350e4+02
421708402
+1.9698+02
+1.8098+02
+1.628e4+02
+1.448e 402

+4.652e-01
Max: +2.3508+02
Elem: Shim Plate-1.1
Node: 18

S, Mises

(Avg: 75%)
+42.350e402
+2.170e+02
+1.991e+02

+9.130e+01
+7.333e+01
+5.537e+01
+3.741e 401
+1.945e401
+1.484e 400
Max: +2.350e+02
Elem: Core Steel-1.3
Mode: 7 |
Max: +2.350e+002

Figure 7: Maximum Stress Counturs Model
PCLRB

The determination of the maximum stress in the
HDPE local core rubber bearing is achieved by
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considering the maximum stress and yield value
within the steel core region, which are measured at
235 MPa. This stress is primarily induced by shear
forces resulting from the presence of filler and
isolator materials, as well as the stress distribution
originating from the top plate and extending towards
the steel core. Ultimately, this stress accumulation
leads to failure at the termination point of the steel
core. The LCLRB (Lead Core Local Rubber Bearing)
model exhibits its maximum stress and first yield
within the shim area, with a magnitude of 235 MPa.
The peak stress experienced within the shim region
manifests at the periphery of the steel him layer,
resulting from the thermal effects induced by the
frictional interaction between the rubber material
and the compromised leads. In the rubber layer, it is
observed that the maximum stress experienced
remains consistent at 10.24 MPa.

V. Conclusion

Based on the findings of this study, it is possible to

derive the following conclusions regarding the

utilization of local rubber elastomeric bearings with

HDPE filling systems:

i.Based on the analysis conducted on the mechanical
behavior of the modified core rubber bearing filler
material, utilizing the local rubber model PCLRB
(HDPE Core Local Rubber Bearing), it has been
determined that the HDPE-filled model exhibits
superior performance and optimal efficiency in
effectively dissipating seismic energy.

ii.Based on the stress behavior analysis, it has been
determined that the steel core within the PCLRB
(HDPE Core Rubber Bearing) model
experiences the highest magnitude of stress. In the
structural system, it is observed that the steel core
undergoes shear forces resulting from the presence

Local

of the filler and insulator materials. Additionally, the
stress distribution originating from the top plate
and extending towards the steel core leads to failure
occurring at the termination point of the steel core.
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