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Abstract

This study examines the effectiveness of Lead Rubber Bearings (LRBSs) in improving seismic performance of
eight-story reinforced concrete buildings with horizontal and vertical irregularities. Structural models were
developed using ETABS software, and dynamic analysis was performed applying Nonlinear Time History
Analysis (THA) under the 1994 Northridge Earthquake ground motion data. The findings reveal that LRBs
significantly reduce base shear, story shear, and inter-story drift, with higher improvement in horizontally irregular
buildings than vertical irregular buildings. LRBs also result in increased displacement and longer fundamental time
period, which is crucial for displacement-sensitive elements. These findings offer insight into the application of
LRBs toward enhancing the seismic resilience of irregular buildings.

Keywords: Seismic performance; Lead Rubber Bearings; Irregular buildings; ETABS; Structural resilience.

1. Introduction

Buildings with irregular shapes in plan or elevation behave more unpredictably during earthquakes compared to
regular structures. Irregularities in mass, stiffness, or geometry create discontinuities that cause uneven force
distribution, torsional motion, and stress concentrations. These effects make irregular buildings more vulnerable
to seismic damage, as their responses are highly nonlinear and difficult to control under strong ground motions.
To deal with these phenomena, seismic base isolation has become a widely used and effective technique specially
after 1995 Kobe earthquake (Skinner et al., 2011). This method separates the building superstructure from ground
motion, allowing it to move more flexibly and experience less seismic stress. Among different types of isolators,
the Lead Rubber Bearing (LRB) is one of the most popular due to its simple design and strong energy dissipation
capability. An LRB is made up of layers of rubber and steel plates with a lead core at the center. The layers allow
horizontal movement, while the lead core absorbs seismic energy through plastic deformation, thus lowering the
forces transmitted to the structure (Skinner et al., 2011).

Several studies have confirmed that LRBs can significantly reduce base shear, inter-story drift, and torsional effects
in buildings (Alhana and Altun, 2009; Tassion et al., 2002). However, they also introduce challenges such as
increased lateral displacement and elongation of the building’s natural period, which must be considered carefully
during design to prevent excessive motion or resonance (Agrawal et al., 2013; Alcocer et al., 2010). Continuous
improvements in LRB technology now focus on enhancing material durability, vertical stiffness, and long-term
performance (Zhang et al., 2015).

Despite many studies on base isolation, most research has focused on regular or symmetric buildings. The
performance of LRBs in irregular buildings has not been thoroughly investigated side by side. There remains a
lack of comparative understanding of how LRBs influence different horizontal and vertical irregular building types
under similar seismic conditions.

To address this gap, this study examines the impact of Lead Rubber Bearings on the seismic performance of eight-
story reinforced concrete (RC) buildings with three horizontal and three vertical irregularities. All models were
designed following the BNBC 2020 provisions for irregularity and performed non-linear time history analysis
individually using Northridge ground motion data in ETABS. The study focuses on how LRBs affect base shear,
story drift, and fundamental period, providing a comparative assessment of isolation performance in horizontally
versus vertically irregular buildings.

2. Finite Element Model

2.1 Modeling and Building Data
A Regular Building Model of 8-story symmetrical reinforced concrete building having a uniform mass and
stiffness is modelled at first. Then the three Horizontal Irregularity Models are T-shaped, L-shaped, and Plus-
shaped buildings are constructed in ETABS. These buildings have asymmetry in the plan, which causes
torsional effects when these buildings experience earthquakes. Finally, the Vertical Irregularity Models consist
of Type-A, Type-B, and Type-C buildings have different height-to-width ratios, which produce differences in
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vertical stiffness and irregularity according to the BNBC 2020 code. The basic input data for analysis of the
buildings are presented in the following table-1.

Table 1: Building Data

Plan Dimension 25x25m Numbers of Story G+7
Grad of Concrete 4000 psi Height of typical floor 3m
Grad of Steel A615Gr60 Height of building 24m
Earthquake Zone Zone 2 Slab thickness 127mm
Response Reduction Factor 5 Beam size 305x457mm
Structural type IMRF Column size 457x457mm
Seismic Zone Factor 0.2 Live Load on the floor 2.87 KN/m?
Damping Ratio 5% Live Load on a roof 2.87 KN/m?
Importance factor 1 Floor finish 1.44 KN/m?
Soil type sC Partition wall loads 3.83N/m?

2.2 Seismic Loads and Time History Analysis:

Seismic loading was applied considering 5% damping ratio following BNBC 2020 and spectral acceleration values
derived from the response spectrum for office building in Dhaka of Seismic Zone 2. Moreover, a Nonlinear Time
History Analysis (THA) was conducted using the ground motion data of 1994 Northridge Earthquake (Mw 6.7),
and corresponding acceleration spectrum of this earthquake, used for this analysis, is followed in Figure 1-1.
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Figure 1-1: Acceleration Spectrum of Northridge ground motion

2.3 LRB Design

The LRBs were modelled using nonlinear link elements at he column bases with bilinear hysteretic behavoir to
represent their elastic and post-yield response. The effective stiffness, damping, and yield strength values were
found following guidelines form UBC 1997. The isolator properties for internal, external, and corner columns were
calculated based on the design recommendations suggested by Kelly (Naiem and Kelly, 1999), as presented in
Table 2.

Table 2: Structural Properties of Isolators for Internal, External, and Corner Columns

Property Internal External Corner
Column Column Column
For U1 Effective Stiffness (KN/m) 372019.46 | 204425.15 | 86896.14
For U2 & U3 Effective Stiffness (KN/m) 1156.004 635.22 359.61
For U2 & U3 Effective Damping 0.05 0.05 0.05
For U2 & U3 Distance from End-J (m) 0.01256 0.01256 0.01256
Nonlinear Property
For U2 & U3 Stiffness (KN/m) 784.85 431.27 244.15
For U2 & U3 Yield Strength (kN/m) 95.455 52.452 29.69

2.4 Analysis of Irregular Buildings

The building models were designed follows strength design method as per BNBC 2020 (Part VI, Chapter 2,
Section 2.7.3.1), ensuring sufficient capacity to resist critical load combinations. For beams, columns, and slabs
stiffness modifiers were applied to keep structural behavior accurate under seismic loading. Six irregular
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building models such as three horizontal (Plus-, L-, and T-shaped) and three vertical (Type-A, B, and C) were
modelled as summarized in Table 3.

Table 3: Structural configuration of Horizontal and Vertical Irregular Building Models.

Three types of Horizontal Irregular Buildings

Figure 2-1. 8-Storied L-shaped
Re-entrant Horizontal Irregular
Building - 3D Model

Figure 2-2. 8-Storied T-shaped
Re-entrant Horizontal Irregular
Building—3D Model

Figure 2-3. 8-Storied plus-shaped
Re-entrant Horizontal Irregular
Building—3D Model

Three types of Vertical Irregular Buildings

Figure 2-4. 8-Story Vertical

Irregular Type-A Building—3D
Model

Figure 2-5. 8-Story Vertical
Irregular Building Type B-3D

Figure 2-6. 8-Story Vertical
Irregular Building Type C-3D

Model

Model

3. Results and Discussion

The results section thoroughly evaluates the seismic performance of both regular and irregular buildings, focusing
on configurations such as horizontal irregular models L-shaped, T-shaped, plus-shaped, and vertical irregular
models Type-A, B, & C, with and without Lead Rubber Bearings (LRBs). The analysis highlights how these
different building shapes respond to seismic forces, emphasizing the role of LRBs in reducing base shear, story
drift and column moments as well as increasing story displacement and building time period.

3.1 Story Shear

Figure 3-1 shows story shear reduction with respect to story elevation of the horizontal irregular buildings and
vertical irregular buildings along with regular building. After applying the LRB story shear deceased in both
significantly, but more evenly in horizontal irregular than vertical irregular models.
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Figure 3-1: Story Elevation vs Story Shear of Regular, L, T, Plus(+)-Shaped Re-entrant Corner Irregular
Building(Left) and Regular, Vertical Irregular Building Type-A, B & C(Right)

2 Story Displacement

Figure 3-2 describes increment of story displacement with respect to story elevation after introducing the LRB.
For both irregular buildings story displacement increased by numerical, but the gap between two story decreased

drastically. About 3 to 5 times story displacement reduced from base to top floor. Moreover, the displacement
curve is stiff for top floors.
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Figure 3-2: Story Elevation vs. Story Displacement of Regular, L, T, Plus(+) Shaped Re-entrant Corner Irregular
Building(Left) and Vertical Irregular Building Type-A, B & C(Right)

3.3 Story Drift

Figure 3-3 evaluates reduction of story drift with respect to story elevation when LRB is applied. Besides, the
nature of curve have been changed from concave down to concave up in both horizontal and vertical irregular

buildings. Change of story drift is high in between bottom story than top story. Moreover, for vertical irregular
buildings the values are quit uneven than horizontal irregular buildings.
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Figure 3-3: Story Elevation vs. Story Drift of Regular, L, T, Plus(+) Shaped Re-entrant Corner Irregular
Building(Left) and Vertical Irregular Building Type-A, B & C(Right)

300



Goutom Mondal, Naimur Rahman, Shameem Ahmed
ICCEI 2025

3.4 Time Period

Figure 3-4 shows increment in modal time period of three horizontal irregular(left) and three vertical irregular
buildings(right) along with regular model for the first mode (Mode-1) after applying the LRB. Time period of the
buildings with LRB is nearly 1.5 to 3 times higher than the fixed base buildings for the both cases. Here, it is also
clear that time period is increased 1.55sec to 5.22 sec in plus-shaped horizontal irregular building as well as 1.37
sec to 3.4 sec in type-A vertical irregular buildings which are the highest elongation among the horizontal and
vertical irregular buildings individually. So, it can be concluded that LRB makes the building more flexible
which provides the building structural element more seismic resilience.
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Figure 3-4: Mode-1 Time Period of Regular, L, T, Plus(+)-Shaped Re-entrant Corner Irregular Building(Left)
and Vertical Irregular Building Type-A, B & C(Right)

The results from analysis show significant positive improvements due to Lead Rubber Bearings (LRBs) for
improving seismic performance. Improved performance was observed for both horizontally and vertically irregular
buildings. There was significant reduction in seismic forces in structures with LRBs compared to fixed base
models.

In Table-4, horizontally irregular buildings showed the highest base shear reductions of 93.7%, 86.5%, and 67.7%
for Plus-, L-, T-shaped configurations while vertically irregular buildings achieved reductions of 90.5%, 58.8%,
and 53.6% for the Type-A, Type-B, and Type-C models. This indicates that the isolator system was more effective
in redistributing seismic forces in plan-irregular structures, where torsional effects are more prominent.

Columns moments followed a similar pattern. External and internal column moments decreased substantially, with
maximum reductions of 83.7% and 72.0% respectively, in the regular model, and comparably high reduction in
horizontally irregular structures. Vertically irregular buildings, however, showed smaller reduction due to stiffness
discontinuities along their height, which limited uniform energy dissipation. As expected, story displacement and
time period increased 875.8% in horizontally irregular buildings and 94.0% in vertically irregular ones, while the
fundamental time period increased up to 235.7% and 147.2%, respectively. Although these increases demand
careful design consideration, they also contribute to reducing acceleration and overall structural damage.

Results for horizontally irregular buildings were more effective. LRBs provide better performance for horizontally
irregular buildings. Whereas vertically irregular buildings had slightly less favorable results due to nonuniform
mass and stiffness distributions.

Table 4: Reduction in Seismic Response Parameters with Lead Rubber Bearings (LRB) for Various Building
Configurations

Regular Horizontal Irregular Vertical Irregular
Plus(+) L- T- Type- | Type- | Type-

Shaped | Shaped | Shaped A B C
Base Shear Reduction(%b6) 55.7 93.7 86.5 67.7 90.5 58.8 53.6
External Column Moment 83.7 55.4 70.8 68.5(C6) | 64.5 134 453
Reduction(%) (Grid-A3) (B3)
Internal Column Moment 72.0 56.9 52.4 54.2 28.2 8.9 453
Reduction(%o) (Grid-B4) (C4H (B3) | (C3) (C3)
Maximum Story Displacement 513.1 875.8 538.2 545.2 90.2 94.0 84.0

Increased (%0) at Story-1

Time Period Increased(%o) 72.7 235.7 143.5 141.7 147.2 | 96.7 31.1
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4, Conclusion

This study investigated the influence of Lead Rubber Bearings (LRBs) on the seismic performance of eight-story
reinforced concrete buildings with horizontal and vertical irregularities. The main parameters of the study were
critical seismic responses, base shear, column moments, story displacement and time period. Objective of the study
was to evaluate how base isolation modified the seismic response compared to fixed-base structures.

In the analysis, the LRBs were modelled at the foundation interface in ETABS software. Three horizontal irregular
(Plus, L and T-shaped) and three vertically irregular (Type-A, Type-B and Type-C) buildings were designed to be
used in the Finite Element Simulation. The irregularity provisions were taken from BNBC-2020 and analysed
under identical seismic loading conditions.

Across all configurations LRBs significantly reduced seismic demand. In the regular model base shear decreased
by 55.7% whereas vertically irregular buildings achieved 90.5% reduction and horizontally irregular models
achieved up to 93.7% reduction. Column moments were also lowered, ranging from 55.4% to 84%. However,
notable increases in story displacement (up to 875%) and time period (up to 235%) was also found due to increased
flexibility from LRBs.

This results overall confirm the effectiveness of LRBs in seismic forces and alongside improving structural
resilience. Horizontally irregular buildings received the most reduction in seismic demand. Increase in design. This
will ensure safe and efficient seismic performance for irregular mid-rise buildings.
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