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Abstract— This study presents a comparative evaluation of the seismic response of mid-rise (G+4)
reinforced concrete (RC) bare frame structures featuring plan irregularities, specifically L, |, and T-
shaped configurations under fixed base and base-isolated conditions. These irregularities, typical
in public buildings, lead to asymmetrical mass and stiffness distributions, affecting seismic
performance. Six models were developed and analyzed using the Equivalent Static Method (ESM),
with key parameters including base shear, storey drift, top-storey displacement, and fundamental
time period. The results show that base isolation using rubber bearings effectively reduces base
shear by 15-18%, although it increases overall system flexibility. Isolated models exhibited 44-45%
higher top-storey displacements and 108-115% greater storey drifts compared to fixed-base
counterparts. The fundamental time period also increased by approximately 40%, indicating
enhanced energy dissipation and reduced structural stiffness. Among the plan configurations, I-
shaped models experienced the highest base shear, while T-shaped structures performed best in
terms of seismic efficiency. Despite excluding masonry infill and soil-structure interaction, the
findings highlight the potential of base isolation to significantly enhance the seismic resilience of
irregular RC buildings. The study recommends integrating base isolation in the design of
geometrically irregular public buildings, particularly in high seismic zones, to improve safety and
performance under earthquake loading.
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1. Introduction

Reinforced concrete (RC) moment-resisting frames are among the most commonly used structural
systems in building construction due to their cost-effectiveness, durability, and ability to withstand both
gravity and lateral loads [1], [2], [3]. Their widespread application in residential, commercial, and public
infrastructure stems from their structural efficiency and adaptability to various architectural layouts [4],
[5], [6]. However, when these frames incorporate plan irregularities—such aslL, T, I, or U-shaped
configurations—their seismic performance becomes significantly more complex and potentially
vulnerable [7], [8], [9], [10]. Such irregularities disrupt the uniform distribution of mass and stiffness,
leading to torsional imbalances, localized stress concentrations, and an overall reduction in earthquake
resistance [11], [12], [13]. In high-seismic regions like Nepal, where earthquakes pose a moderate to
severe threat (as classified in NBC 105:2020) [14], the design of irregular RC structures demands
meticulous attention to ensure safety and resilience [9], [15]. These irregularities disrupt the natural load
path, causing torsional moments, differential displacements, and increased storey drifts under seismic
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excitation [12], [13], [15], [16]. Unlike regular rectangular buildings, which distribute seismic forces
uniformly, irregular structures experience twisting (torsion) due to the eccentricity between the center of
mass and the center of rigidity. This phenomenon amplifies damage in certain structural elements,
particularly at re-entrant corners or abrupt geometric discontinuities [17], [18], [19]. Consequently,
buildings with plan irregularities often exhibit higher vulnerability to collapse during strong earthquakes
unless properly addressed in design [15], [20], [21], [22].

To enhance the earthquake resistance of irregular structures, engineers employ various techniques,
including base isolation systems, which decouple the building from ground motion using elastomeric or
sliding bearings to reduce seismic forces [23], [24], [25] . Tuned Mass Dampers (TMDs) and energy
dissipation devices (e.g., viscous dampers, buckling-restrained braces) are integrated to absorb and
dissipate seismic energy, minimizing structural damage [15], [26], [27], [28], [29]. Shear walls and bracing
systems are strategically placed to improve torsional stiffness and redistribute lateral forces more
evenly. Seismic retrofitting of existing irregular buildings often involves adding steel frames, fiber-
reinforced polymers (FRP), or concrete jacketing to strengthen weak elements [28], [30], [31], [32].
Additionally, advanced structural analysis methods, such as nonlinear dynamic analysis, help optimize
designs by accounting for irregular geometry and material behavior under seismic loads [33], [34]. These
methods collectively improve performance by mitigating torsional effects, reducing displacements, and
preventing collapse during earthquakes [35], [36], [37], [38]. Base isolation is an advanced seismic
protection technique that decouples a structure from ground motion by introducing flexible bearings at
the foundation level, significantly reducing earthquake-induced forces [39]. These isolators, typically
made of layered rubber and steel (laminated rubber bearings) or sliding mechanisms, absorb and
dissipate seismic energy, preventing it from fully transferring to the superstructure [40]. By elongating the
building's natural period, base isolation shifts its response away from the dominant frequencies of
earthquake shaking, thereby minimizing resonance effects. Base isolation is particularly beneficial for
critical infrastructure, irregularly shaped buildings prone to torsional effects, and structures in high-
seismic zones, offering a cost-effective solution for both new constructions and retrofits [41].

Existing studies have extensively investigated the seismic behavior of regular reinforced concrete (RC)
structures with base isolation, demonstrating its effectiveness in reducing base shear and improving
energy dissipation [39], [42]. However, research on irregular-plan buildings—particularly L, T, and I-
shaped configurations—remains limited, despite their prevalence in urban architecture and heightened
vulnerability to torsional forces during earthquakes. Prior work has highlighted challenges such as uneven
mass distribution and stress concentrations in irregular frames but lacks comprehensive comparisons of
isolation efficacy across different geometric layouts under simplified analysis methods. This study
addresses these gaps by employing the Equivalent Static Method (ESM)—a practical approach for regions
with limited computational resources—to systematically evaluate the seismic performance of bare RC
frames (excluding infill walls) with plan irregularities under both fixed-base and base-isolated
conditions. The Equivalent Static Method (ESM), though simplified, remains an accepted and practical
approach for seismic analysis of regular and irregular buildings, especially when nonlinear dynamic
methods are not feasible [43]. This study applies ESM to evaluate and compare the seismic performance
of planirregular RC bare frames with fixed base and isolated base conditions, focusing on displacements,
base shear, storey drifts and time period. By doing so, it aims to provide meaningful insight into the
applicability and benefits of base isolation for irregular buildings under simplified seismic loading
assumptions.

2. Method

The research focused on assessing the seismic behavior of plan irregular reinforced concrete (RC)
buildings under both fixed base and base-isolated scenarios using the Equivalent Static Method (ESM).
Three distinct geometrically irregular shapes—L-shaped, I-shaped, and T-shaped—were modeled as
ground plus four (G+4) structures with consistent material properties, floor heights of 3.5 meters, and bay

30


https://doi.org/10.64123/mijce.v2.i1.3

MIJCE-Vol. 2, No. 1, January 2026. 29-37
https://doi.org/10.64123/mijce.v2.i1.3

dimensions of 5 meters by 4 meters. Important structural components consisted of columns measuring
400 mm by 400 mm, beams of 300 mm by 300 mm, and slabs that are 150 mm thick. Two different base
conditions were examined: fixed base (FB) and base-isolated (Bl) utilizing rubber isolators with a linear
stiffness of 800 kN/m and a vertical stiffness of 15*10° kN/m. The results derived from the ESM—base
shear, storey drift, top displacement, and time period—were analyzed to evaluate the effectiveness of the
isolation. The analysis incorporated both gravity and seismic loads to assess the structural behavior.
Gravity loads comprised exterior wall loads (16.1 kN/m), interior wall loads (8.75 kN/m), parapet loads (3
kN/m), and live loads (5 kN/m?). For the seismic evaluation, the parameters adhered to Nepal's NBC
105:2020 code, utilizing an equivalent static load of 0.936 kN/m?. Crucial seismic factors consisted of a
zone factor (Z) of 0.30 for areas with moderate-to-high seismic activity, an importance factor (I) of 1.5
designated for public structures, a response reduction factor (R) of 5 for reinforced concrete moment
frames, and a damping ratio of 5%. The structures were examined on stiff soil (Type D). These loading
conditions and parameters facilitated a comparison between fixed-base and isolated systems against
standardized seismic demands [40], [42], [44].

Table 1. Section properties

S.N. Description Dimensions
1 No. of Floors G+4
2 Height of each floor 3.5m
3 Size of the bay considered 5m*4m
4 Size of the column 400 mm *400 mm
5 Size of the beams 300 mm *300 mm
6 Thickness of the slabs 150 mm
7 Thickness of outer wall 230 mm
8 Thickness of partition wall 150 mm
9 Height of parapet wall 1.2m
10 Thickness of parapet wall 150 mm

Table 2. Base isolator link properties
S.N. Name of the Property Value
1 Linear Effective Stiffness U2 800 kN/m
2 Non-linear Effective Stiffness U2&U3 250 KN/m
3 Linear Effective Stiffness U3 15*106 KN/m

Table 3. Material Properties
S.N. Description Size
1 Grade of concrete M25
2 Grade of steel Fe415
3 Density of concrete 25 kN/m?®
4 Density of bricks 20 kN/m°®
Table 4. Seismic factors
S.N. Description Value
1 Importance factor (1) 1.5
2 Response reduction factor (R) 5
3 Zone factor (2) 0.30
4 Soil type D (Stiff soil)
5 Damping 5%
6 EQ load applied 0.936 KN/m2
Table 5. Loading details

S.N. Description Values
1 Wall load on exterior walls 16.1 kN/m
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S.N. Description Values

2 Wall load on interior walls 8.75kN/m
3 Parapet wall load 3 kN/m

4 Live load 1.5 kN/m2
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Figure 1. Plan Views of L, | & T-Shaped Building Models

Figure 2. Isometric Views of L, | & T-Shaped Building Models
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Figure 3. Rubber Base Isolator
3. Result and Discussion

3.1. Base Shear

Base shear represents the total lateral earthquake force acting at a structure's foundation level, serving
as a critical measure of seismic demand [11]. This force develops when ground motions induce inertial
forces throughout the building, with its magnitude depending on the structure's mass, stiffness, height,
and seismic zone characteristics [45]. Excessive base shear can lead to structural damage or collapse,
making its reduction a key objective in earthquake-resistant design. The study's comparative analysis
reveals significant variations across different building configurations: fixed-base models exhibited the
highest base shear values (4454 kN for L-shaped, 4711 kN for I-shaped, and 3401 kN for T-shaped),
demonstrating how geometric irregularities amplify seismic forces. Notably, base isolation consistently
reduced these demands by 15-18% across all configurations (3748 kN for L-shaped, 3954 kN for I-shaped,
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and 2777 kN for T-shaped) as shown in the figure 4. The I-shaped building showed the greatest seismic
vulnerability with the highest base shear in both fixed and isolated conditions, while the T-shaped
configuration demonstrated the most favorable performance. These findings underscore how both
structural geometry and isolation systems fundamentally influence a building's seismic force distribution,
with base isolation proving particularly effective for irregular structures in high-risk zones [25].

Maximum Base Shear (kN)

H Base Isolated m Fixed Base

T-Shaped

I-Shaped

L-Shaped

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Figure 4. Base Shear Comparison

3.2.  Maximum Story Drift

Maximum story displacement measures the peak lateral movement of any floor level relative to the
ground, serving as a crucial indicator of a building's seismic performance [10], [46]. Excessive
displacements can lead to structural damage and non-structural component failures, making this
parameter vital for earthquake-resistant design. The study's results reveal distinct patterns: fixed-base
models showed relatively consistent displacements across configurations (0.0061 for L-shaped, 0.0059
for I-shaped, and 0.0060 for T-shaped), while base-isolated models exhibited 44-45% greater
displacements (0.0131 for L-shaped, 0.0125 for I-shaped, and 0.0124 for T-shaped). Notably, the
isolation system shifted the location of maximum displacement from the second story in fixed-base
buildings to the first story in isolated structures. This increased flexibility, while potentially concerning for
serviceability, demonstrates the isolation system's effectiveness in redistributing seismic energy. The T-
shaped configuration again showed the best performance with the lowest displacements in both
conditions, reinforcing the influence of geometric regularity on seismic response. These displacement
characteristics provide critical insights for designing isolation systems that balance safety with
acceptable deformation limits.

3.3.  Maximum Top Story Displacement

Maximum story drift, defined as the greatest relative lateral displacement between adjacent floors during
seismic loading, serves as a critical parameter for assessing structural integrity and potential damage
[10]. This measure directly relates to building safety, as excessive interstorey drift can lead to non-
structural damage, structural yielding, and even collapse. The comparative analysis reveals significant
differences between fixed-base and base-isolated systems as represented by the figure 5 below: fixed-
base models demonstrated drift values of 64.7mm (L-shaped), 62.4mm (I-shaped), and 63.5mm (T-
shaped), while base-isolated counterparts showed substantially higher drifts of 93.9mm (L-shaped),
90.0mm (l-shaped), and 91.7mm (T-shaped) - representing a 108-115% increase. This dramatic rise in
drift values for isolated structures, while potentially concerning for serviceability limits, reflects the
intentional flexibility of the isolation system that effectively reduces floor accelerations and base shear.
The consistent pattern across all configurations (with I-shaped buildings showing the highest drift
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sensitivity and T-shaped the lowest) underscores how base isolation fundamentally alters structural
response characteristics. These findings emphasize the need for careful consideration of drift limits when
implementing base isolation systems, particularly for irregular structures where torsional effects may
exacerbate localized drift demands.

Maximum Top Story Displacement(mm)
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& I-SHAPED 62.384585
L
& L-SHAPED 64.740327
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Figure 5. Maximum Top Storey Displacement

3.4. Time Period and Frequency

The time period and natural frequency are fundamental dynamic properties used to assess and compare
the seismic response of different structural models under varying base conditions [10], [18]. A longer time
period corresponds to a lower natural frequency, indicating greater structural flexibility. Figure 6 below
presents the time periods (in seconds) and their corresponding frequencies (in Hz) for all 6 models
analyzed clearly demonstrating that models with base isolation exhibit higher time periods and thus lower
frequencies compared to those with fixed bases, highlighting the effectiveness of isolation in reducing
dynamic stiffness and enhancing seismic performance.

Time Period and Frequency

L-Shaped [-Shaped T-Shaped L-Shaped I-Shaped T-Shaped

Time Period ( Sec) Frequency (cyc/sec)

W Fixed Base m[solated Base

Figure 6: Time period and natural frequencies
4, Conclusion

The study demonstrates that base isolation significantly enhances the seismic performance of irregular
RC buildings, offering both advantages and design considerations. Key findings reveal that rubber
isolators effectively reduce seismic demand, decreasing base shear by 15-18% across all irregular
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configurations (L, T, and I-shaped) by decoupling the superstructure from ground motions. However, this
reduction comes with trade-offs: isolated structures exhibit greater flexibility, with 44-45% higher top-
story displacements and 108-115% increased inter-story drifts compared to fixed-base systems. The
extended fundamental time period (approximately 1.4 times longer) confirms improved energy
dissipation but requires careful consideration of displacement limits in design.

Configuration significantly influences seismic response, with I-shaped buildings experiencing the highest
base shear demands, while T-shaped structures demonstrate superior performance. These results
highlight the critical role of geometric regularity in seismic resilience.

While the study validates base isolation as an effective strategy for irregular buildings, certain
limitations—such as excluded masonry infill effects and soil-structure interaction—suggest the need for
more comprehensive modeling in future research. Nevertheless, the findings strongly support adopting
base isolation for critical infrastructure in high-risk seismic regions like Nepal, where it can substantially
improve structural safety without compromising architectural functionality. The research provides
valuable benchmarks for engineers designing irregular buildings in earthquake-prone areas, emphasizing
that proper isolation system design must balance force reduction with controlled displacement
management.
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