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Abstract

Seismic base isolation (SBI) is widely recognized as a highly effective solution for
earthquake-resistant design, extensively implemented in high-seismicity regions, and
increasingly adopted in areas with moderate seismic activity. While structural analysis
software provides various behavior models to simulate SBI elements, the suitability of these
models for specific analytical applications remains unclear. This study conducts a
numerical analysis to assess the impact of different isolator behavior models - including
equivalent linear, plastic Wen, bilinear, and rubber isolators - on the seismic response of
isolated buildings. Nonlinear time-history analyses are performed on a typical seismically
isolated building using the 1994 Northridge earthquake record, scaled to match the target
spectrum. The seismic isolators are modeled using link elements with constitutive
parameters corresponding to the selected models. Key response parameters, such as isolator
behavior, lateral displacements, and base shear forces, are analyzed to compare the
structural performance across different isolator models. The results indicate that nonlinear
models (plastic Wen, bilinear, and rubber) yield comparable and realistic seismic responses,
whereas the linear model significantly overestimates displacements and forces. These
findings highlight the limitations of linear assumptions in seismic analysis and underscore
the necessity of employing nonlinear models for a more accurate evaluation of structural
behavior during earthquakes.

Keywords: Seismic base isolation; hysteresis behavior; nonlinear time-history analysis; seismic
isolation of multi-story buildings.

1. Introduction

Tectonic plate movement and collision are the main causes of earthquakes, which
are seismic events brought on by the abrupt release of stored energy within the Earth's
crust. This energy release occurs when stress exceeds the strength of geological faults,
generating seismic waves that propagate through the Earth's surface [1]. While tectonic
activity is the predominant cause, other sources, such as nuclear explosions, can also
induce seismic events. The consequences of earthquakes are far-reaching, affecting
human populations, infrastructure, and economies, particularly in near-field regions
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where ground motion is most intense. Historically, earthquakes have been among the
most devastating natural disasters, resulting in extensive loss of life and infrastructure
damage. The economic impact extends beyond immediate destruction, encompassing
the costs of emergency response, containment, reconstruction, and long-term recovery
efforts, which often face logistical challenges in severely affected areas.

Multi-story buildings, due to their considerable height and concentrated structural
loads, are particularly vulnerable to the horizontal forces generated by seismic activity.
The dynamic effects of earthquakes on these structures include intense vibrations,
excessive stress accumulation, significant deformation, foundation displacement,
structural damage, and, in extreme cases, progressive collapse. Ensuring the seismic
resilience of multi-story buildings is critical to mitigating these risks and enhancing
structural performance under earthquake loading.

To mitigate the effects of earthquakes, advanced seismic protection technologies
have become integral to modern construction design. These methods aim to modify
key structural parameters in the dynamic equation of motion, either by reducing
seismic demands or enhancing structural resilience. Among these approaches, SBI has
emerged as one of the most effective solutions for protecting multi-story buildings by
decoupling the superstructure from ground motion [2]-[4]. The key advantages of this
technique include:

Isolation mechanism: The core principle of SBI involves isolating the building from
ground-induced vibrations, allowing it to move independently during seismic events. This
significantly reduces the direct transmission of seismic forces to the structure.

Energy dissipation: Many seismic isolators incorporate high energy dissipation
capabilities, effectively reducing vibration energy and limiting both internal forces and
lateral displacements within the structure.

Restoring capacity: Earthquakes often induce large displacements that can lead to
inelastic deformations in structural components. In addition to isolation and energy
dissipation, seismic isolators offer great restoring properties, enabling the structure to
return to its original position and functional state after an earthquake.

By integrating these features, SBI enhances the seismic resilience of buildings,
minimizing structural damage and improving post-earthquake recoverability [4]-[7].

Before the 1980s, SBI was met with skepticism within the engineering community,
with many considering it an impractical solution. However, over time, extensive
research and successful applications have led to its widespread acceptance, as reflected
in the growing number of journal articles, technical reports, workshops, and conferences
on the subject [3], [8]. Currently, SBI remains an active field of study, with ongoing
8
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advancements in both new isolation systems and the enhancement of existing
technologies, particularly elastomeric-based bearings. SBI has become a standard
approach in bridge engineering, playing an essential role in protecting structures from
seismic forces. It is now a key component of earthquake-resistant design, not only for
new construction but also for the retrofitting of existing infrastructure. This technique
has proven to be one of the most effective solutions for mitigating seismic effects,
demonstrating its value not only in high-seismic regions but also in areas with moderate
seismic activity [8]-[11].

Although SBI is widely recognized as an effective method for protecting
structures against earthquake damage, the response of base isolators is inherently
nonlinear. Their behavior deviates from a simple proportional force-displacement
relationship, particularly under large seismic forces. Various modeling approaches have
been developed to characterize the behavior of seismic isolation bearings, each with
distinct advantages and limitations.

Generally, the bilinear model remains the most widely used approach for
representing the nonlinear behavior of seismic isolators under earthquake loading [4],
[11]-[16]. Despite its simplicity, it effectively captures the essential nonlinear
characteristics of most conventional isolation devices [13]. Another widely recognized
and extensively used hysteresis model is the Bouc-Wen model, renowned for its ability
to simulate smooth hysteretic behavior with rounded transition curves. In this model, the
shift from linear-elastic to inelastic response is governed by a set of parameters,
allowing for a gradual and more realistic representation of the nonlinear transition. In
addition, the equivalent linear model is often employed in simplified analyses to provide
an approximate prediction of structural response under seismic loading [4], [8], [13].

Despite the widespread application of various hysteresis models for simulating the
nonlinear behavior of seismic isolators, comprehensive reviews and systematic
comparative studies remain limited. Most existing research concentrates on individual
models under specific loading conditions or structural configurations, often without
offering a rigorous evaluation of their relative advantages, limitations, and suitability
across a broader spectrum of scenarios. Common nonlinear response models — such as
bilinear, Bouc-Wen, and rubber isolator models (e.g., those implemented in ETABS) —
generally offer similar geometric representations. However, the influence of the
curvature in the transition zone between linear and nonlinear behavior on the seismic
response of structures has not been adequately examined. This gap in the literature
underscores the need for a more comprehensive assessment of the accuracy, robustness,
and practical applicability of these models, particularly within the framework of
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performance-based seismic design. Such investigation is especially critical for complex or
safety-critical infrastructure, where predictive reliability and model relevance are essential.

2. Objective and methodology

The primary objective of this study is to investigate various seismic behavior models
and evaluate their effects on the seismic responses of isolated building structures.

To achieve this goal, the study adopts the following methodology:

- Conducting a comprehensive review of typical seismic behavior models of isolators.

- Performing numerical analyses on a typical multi-story building model equipped
with seismic isolators, considering different behavior models. The analysis focuses on
key response parameters, including top-story displacement, base shear force, and the
nonlinear behavior of the isolation system.

The findings will provide critical insights into the reliability of equivalent linear
analysis methods compared to nonlinear approaches, offering valuable recommendations
for engineers in the seismic design and analysis of isolated building structures.

3. Overview the behavior of seismic isolator

Currently, various behavior models are used to represent the nonlinear response of
seismic isolators, each with distinct characteristics suited to different isolator types and
accuracy requirements in the analyses. In the framework of this study, the authors focus
on two primary groups of models: equivalent linear models and simple nonlinear models,
include rubber isolator mode, bilinear model, and plastic Wen model that integrated in
structural analysis software (i.e., ETABS [17]).

3.1. Equivalent effective linear model

The linear viscoelastic model represents the behavior of viscous bearing by
combining an elastic spring and a viscous damper in parallel configuration, to simplify
the simulation of nonlinear behavior of isolator, as shown in Fig. 1. As a result, this
model is able to use for equivalent linear analysis such as simplified analysis method,
spectral analysis method, etc. According to Fig. 1, this model is characterized by two
key parameters: the effective stiffness (Kesr) of the spring and the equivalent viscous
damping ratio (Berr) of the damper, both evaluated at the design displacement (Dmax).

Typically, these effective parameters are determined based on expected peak
displacement responses (Dmax), With the constitutive parameters (Fmax) of the bilinear
model derived accordingly (1):
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The energy dissipated in each cycle, represented by the area enclosed within the
elliptical hysteresis loop (as shown in Fig. 1), is influenced by the maximum
displacement. Since the initial expected displacement is not known in advance, it must
be determined in accordance with the design spectrum and damping ratio defined by the
standards. Consequently, an iterative procedure is commonly employed to estimate the
performance parameters and seismic demands of isolated structures [8], [10], [13], [18].
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Fig. 1. Linear viscoelastic model: (a) diagrams; (b) component behavior.

3.2. Rubber isolator model
The rubber isolator model, available in ETABS software [17], is used to simulate
nonlinear link elements representing rubber-based seismic isolators. This model
captures the essential hysteretic behavior of rubber bearings, providing a practical
approximation for structural analysis. As shown in Fig. 2, its hysteresis loop resembles
that of a bilinear model; however, the transition between the elastic and plastic regions
is smoother, reflecting the gradual stiffness degradation observed in real rubber
isolators. Unlike simple bilinear models, where the transition is abrupt, this model
11
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ensures a more continuous representation of the force-deformation relationship.
Additionally, ETABS automatically adjusts the transition curvature based on predefined
parameters, limiting direct user control over this aspect. This feature simplifies
implementation but may require calibration against experimental data to ensure
accuracy in specific applications.

-
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Fig. 2. Rubber isolator hysteresis model.

3.3. Bilinear model

The bilinear force-displacement model is considered an idealized, general
theoretical representation of the behavior of typical SBIs. This model is defined by key
parameters such as initial stiffness, post-yield stiffness, yield strength, and maximum
displacement, is illustrated in Fig. 3. Due to its simplicity and computational efficiency,
the bilinear model is widely used in nonlinear time-history analyses of isolated structures,
where the deformation levels can vary significantly. By approximating the hysteretic
response of SBIs with two distinct stiffness stages — an initial elastic phase followed by a
post-yield phase — this model effectively captures the energy dissipation and flexibility
provided by SBI systems. Despite its idealized nature, it offers a reasonable balance
between accuracy and computational feasibility, making it a fundamental tool for seismic
performance evaluation of isolators [2], [4], [8], [12], [19], [20].

The constitutive parameters of this model include: the characteristic strength (Qu),
the initial elastic stiffness (Ky), the post-elastic stiffness (Kq), the elastic limit (Fy), and
the force maximum (Fmax):

F= QdKu .

y Ku _ Kd J Fmax :Qd + Kd Dmax (2)
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Fig. 3. Bilinear hysteresis model.

For this model, the initial elastic stiffness (Ky) is typically very high, as the yield
displacement (Dy) is generally small, ranging from zero to just a few millimeters. While
this high initial stiffness plays a minor role in the system’s overall seismic response, its
primary function is to provide rigidity under non-seismic loads, ensuring stability during
service conditions. The initial characteristic strength (Qq), and the post-elastic stiffness
(Kg) are the most important system characteristics affecting its efficiencies as well as the
performance of structures under large earthquakes. These parameters govern the energy
dissipation capacity and flexibility of the system, directly affecting the seismic
performance of the structure by controlling base shear, displacement demand, and
overall stability [2], [4], [8].

3.4. Plastic Wen model

The Wen plastic model is widely used to simulate the nonlinear hysteretic
behavior of materials and structural components. This model effectively captures the
gradual transition between elastic and plastic deformation, making it suitable for
representing the energy dissipation characteristics of seismic isolators, dampers, and
other hysteretic systems. By adjusting key parameters, such as stiffness degradation and
energy dissipation capacity, the Wen model provides a flexible and accurate
representation of nonlinear response under cyclic loading conditions. The nonlinear
force-displacement relationship is expressed by the following Eq. (3):

f =akd+(1-a)f,z ©)

where k is the elastic constant, f, is the yield force, « is the ratio of post-yielding
stiffness and elastic stiffness, and z is an internal hysteretic variable. This variable has a
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range between |z| < 1, with the yielding surface represented by |z| = 1. The curvature of
the transition position is defined by the factor “r”, which is usually taken to between
2 and 20, as illustrated in Fig. 4.
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Fig. 4. Plastic Wen model.

Accordingly, the Wen plastic model shares similarities with the rubber isolator
model in representing nonlinear hysteretic behavior. However, a key distinction lies in
its simpler formulation, which allows for more straightforward control of the transition
curvature between the elastic and plastic phases. This makes the Wen model particularly
useful in simulations where ease of parameter adjustment is essential for accurately
capturing the system’s energy dissipation characteristics.

4. Case study

To evaluate the nonlinear seismic response, a series of numerical simulations are
performed on a typical base-isolated building. The selected multi-storey building
structure is designed to reflect typical residential buildings in urban areas that are
highly susceptible to earthquake impacts. The analysis focuses on capturing the
fundamental vibration mode of the structure, which serves as a key indicator of the
effectiveness of the SBI system in reducing seismic forces and enhancing structural
resilience.

4.1. Analytical model

The analyzed structure is a 15-story reinforced concrete building with a basement.
The floor height is 3.9 meters for the upper stories and 3.6 meters for the basement. The
floor plan consists of three bays in both the X and Y directions, analyzed using ETABS
software, as illustrated in Fig. 5. The properties of structures, materials, and load
distribution on the floor are presented in Tab. 1.
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Tab. 1. Parameters of the selected building structure

Parameters Information
Main beams: 35 cm x 75 cm (width x depth)
Beam systems Sub-beams: 30 cm x 60 cm
Foundation beams: 80 cm x 100 cm
Structural 1%to 6" story: 100 cm x 100 cm
components Columns 7" to 11" story: 90 cm x 90 cm

12" story to roof: 80 cm x 80 cm

Concrete wall thickness: 35 cm

Other structural elements | Floor slab thickness: 15 cm

Basement floor slab thickness: 20 cm
Concrete grade: C35/45 (as per EN 1993-1-1)
Dead load: 100 daN/m?

(72]

Material propertie

Loading Floor loading Live load: 200 daN/m
conditions Roof loadin Dead load: 150 daN/m?
g Live load: 100 daN/m?
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Fig. 5. The specific floor plan model of the building analyzed [21].

The building is designed to be supported on soil class C, situated in an area with a
design ground acceleration of agr = 0.25 g, in accordance with Eurocode 8 [22].
Previous research has shown that for structures with long fundamental periods, such as
base-isolated buildings, the seismic response obtained from nonlinear time-history
analyses does not differ significantly whether earthquake records are scaled to match the
elastic design spectra or the response spectra.

To ensure consistency between different seismic analysis approaches, the selected
earthquake records are scaled to match the target spectrum defined by ECS8, which
considers 5% damping. This standardization allows for a uniform design methodology
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applicable to both spectral analysis (simplified equivalent linear method) and nonlinear

time-history analysis. For this purpose, a set of historical ground motions has been

chosen, as outlined in Tab. 2, and the spectra of the scaled records are presented in Fig. 6.
Tab. 2. Earthquake records selected for analyses

#

Earthquake, station

Nation, date

Mw

R (km)

PGA (9)

Accl | Northridge, Castaic-Old Ridge Rte

usS, 17-01-1994 | 6.7

41

0.568

The properties of isolators, represented by the constitutive parameters of the

models, are detailed as follows:
Rubber isolator model:

Parameters Type A Type B
Initial elastic stiffness (kN/m) 65312 34188
Yield strength (KN) 210.000 110.250
Post yield stiffness ratio 0.048 0.048
Bilinear model:
Parameters Type A Type B
Initial elastic stiffness (kN/m) 65312 34188
Post elastic stiffness (KN/m) 3110 1628
Yield strength (kN) 210.000 110.250
Plastic Wen model:
Parameters Type A Type B
Initial elastic stiffness (kN/m) 65312 34188
Yield strength (kN) 210.000 110.250
Post yield stiffness ratio 0.048 0.048
Yield exponent 10 10
Equivalent linear model:
Parameters Type A Type B
Effective stiffness (kN/m) 4586 2400
Effective damping (kNs/m) 233.0295 121.9615

Accordingly, for the nonlinear models (i.e., rubber isolator model, bilinear model,
and plastic Wen model), the values of elastic stiffness, post-elastic stiffness, and yield

strength remain consistent across all cases.

In contrast, the parameters of the equivalent linear model are derived from the

bilinear hysteresis model in conjunction with the elastic response spectrum. These
parameters typically the effective stiffness and damping ratio are determined through an
iterative procedure designed to achieve convergence with the target design
displacement. This iterative approach is implemented through self-developed programs
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in the Matlab programming language, previously validated and employed in the authors'
earlier studies [11]-[13]. In practical applications, this approach enables the equivalent
linear model to approximate the dynamic response of seismic isolators with reasonable
accuracy under earthquake loading conditions [10].
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Fig. 6. Ground motion time history and spectral acceleration used for the study.

4.2. Results

As discussed above, the seismic response of seismic isolators, the top
displacement, and the base shear force, are selected as key parameters to evaluate the
impact of different SBI behavior models on the seismic performance of the building.

Figure 7 presents the hysteresis behavior of various isolator models under seismic
loading conditions, including the rubber isolator, bilinear, plastic Wen, and equivalent
linear models. Among these, the rubber isolator, bilinear, and plastic Wen models
demonstrate similar cyclic responses, characterized by distinct nonlinear features such
as stiffness degradation and energy dissipation through yielding. These models
effectively capture the complex dynamic behavior of seismic isolators, especially in the
post-elastic range, where nonlinearities dominate the response.

In stark contrast, the equivalent linear model — depicted by the magenta dashed
line — exhibits a significantly different response profile. Specifically, it predicts
substantially higher lateral displacements and corresponding base shear forces
compared to the nonlinear models. This discrepancy arises despite the damping ratio in
the equivalent linear model being calibrated to match the energy dissipation (i.e., the
area enclosed by the hysteresis loops) of the nonlinear systems. The underlying
limitation lies in the model’s constant effective stiffness, which remains unchanged
throughout the loading cycle. As a result, the equivalent linear model is inherently
incapable of representing the nonlinear softening behavior observed in actual isolators
during large deformations. Consequently, it continues to resist increasing displacement
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with a proportional rise in force, thereby overestimating the response in terms of both
force demand and lateral displacement.

This finding has important implications for seismic design. On the other hand, the
equivalent linear approach offers a simplified and computationally efficient means of
estimating isolator behavior, and its conservative nature can contribute to enhanced safety
margins. For instance, in early design stages or for structures where over-design is
acceptable or even desirable — such as critical facilities — this model may serve as a useful
tool. However, the results clearly demonstrate that this conservatism may come at the cost
of realism and efficiency. By overpredicting displacements and forces, the equivalent
linear model could lead to unnecessarily robust structural elements, increased construction
costs, and suboptimal utilization of the isolator's energy-dissipating capacity.

Moreover, the inability to capture nonlinear softening may also obscure important
dynamic effects, such as period elongation and reduced force transmission, which are
essential benefits of base isolation systems. This misrepresentation can impair the
designer's ability to assess performance accurately, particularly in performance-based
seismic design frameworks where realistic response predictions are critical for
achieving target performance levels without overdesign.
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Fig. 7. Hysteresis behavior of different models of isolators.

Similarly, Fig. 8 presents the time-history responses of the structure in terms of
top displacement and base shear force under seismic excitation. These results further
reinforce the limitations of the equivalent linear model when compared to more
advanced nonlinear modeling approaches. While the nonlinear models — such as the
bilinear, rubber isolator, and plastic Wen — demonstrate more realistic behavior through
moderated displacement demands and force responses, the equivalent linear model
consistently overestimates both top displacement and base shear throughout the
simulation period. These discrepancies have important design implications. In the
18
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context of performance-based seismic engineering, where accurate prediction of
structural response is critical to meeting defined performance objectives, the use of an
equivalent linear model could lead to design inefficiencies. For instance, the
conservative nature of the model may result in oversized structural components,
increased base shear demands, or excessive allowances for lateral displacements that are
not truly representative of actual system behavior. This, in turn, can lead to cost
inefficiencies and a misallocation of resources without corresponding improvements in
safety or performance.

Therefore, while the equivalent linear approach may still be useful during
preliminary design stages due to its simplicity and ease of implementation, its
limitations must be carefully considered. For detailed dynamic analysis, particularly of
structures employing seismic isolation systems, the use of nonlinear models is strongly
recommended to ensure both accuracy in response prediction and reliability in design
decisions. The findings underscore the necessity of incorporating nonlinear hysteretic
behavior into structural models to capture the full spectrum of seismic response
mechanisms, particularly in systems where isolator performance is a key component of
the seismic protection strategy.
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Fig. 8. Time-history responses of building: (a, c) top displacement, (b, d) base shear force.
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The differences in obtained results are detailed in Tab. 3 and Fig. 9.
Tab. 3. Comparison of the seismic responses with different models of isolators

Displacement at the top (mm) Base shear force (kN)
Model : :
max min max min
Linear 269.6 -245.8 202.2 -199.8
Plastic Wen 103.3 -167.4 78.9 -138.6
Bilinear 102.2 -167.2 78.5 -138.1
Rubber isolator 97.5 -156.9 74.1 -132.1
330 220
300 v O/Dmax| at the top (mm) L 200
é 270 7 B |Fmax| at the base (kN) F 180
= 77 —
B 240 . 160 7
2 210 . % — - 140 3
= 180 i 7 5 7 120 §
g 150 ? . ? . 100 &
§ 120 f :: . ; - 80 3
?m,‘ 90 7 f 7 ; I 60 E
A 60 7 . 7 . L 40
30 7 7 2 i L 20
f e f i
0 0
Linear Plastic Wen Bilinear Rubber Isolator

Fig. 9. Comparison of the peak responses of the structure with different models.

Despite the overall similarity in nonlinear hysteretic behavior and structural time-
history responses among the three nonlinear isolator models namely, the plastic Wen,
bilinear, and rubber isolator models distinct differences are evident in their predicted
displacement and base shear demands. Specifically, the plastic Wen model consistently
yields the largest top displacement and lateral force responses, followed by the bilinear
model. In contrast, the rubber isolator model produces the lowest response values across
the same loading conditions.

In the authors’ view, these differences stem primarily from the mathematical
formulation and parameterization of the models, particularly with regard to how
stiffness degradation, yield strength, and energy dissipation are represented. The
curvature of the force-displacement transition zone plays a critical role in governing the
isolator's dynamic stiffness and the rate at which energy is dissipated during cyclic
loading. Models with sharper transitions or limited energy dissipation mechanisms may
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underpredict inelastic deformation, whereas those with more gradual softening can lead
to conservative, and sometimes excessive, displacement estimates.

From a modeling perspective, these findings highlight the importance of selecting
an appropriate hysteresis model that aligns with the physical behavior of the isolation
system being simulated. While all three models are capable of representing nonlinear
isolation behavior to a certain degree, their predictive accuracy and suitability can vary
depending on the specific performance objectives and characteristics of the
isolator material. Careful calibration and validation against experimental data or high-
fidelity simulations are essential to ensure meaningful and reliable results in seismic
design applications.

5. Conclusion

This study investigates the influence of different seismic isolator models on the
seismic response of base-isolated buildings through nonlinear time-history analysis.
Four modeling approaches (i.e., equivalent linear, plastic Wen, bilinear, and rubber
isolator models) are examined to evaluate their impact on structural performance.
A detailed 3D model of a 15-story building is analyzed using the 1994 Northridge
earthquake record, scaled to match the Eurocode 8 target spectrum. The following
preliminary conclusions are drawn from the investigation:

- Plastic Wen, bilinear, and rubber isolator models exhibit similar seismic
responses, reinforcing the importance of accurately modeling the nonlinear behavior of
seismic isolators.

- The equivalent linear model significantly overestimates displacements and
lateral forces compared to nonlinear models, highlighting its limitations in capturing
realistic isolator behavior under seismic loading.

- The results emphasize the necessity of nonlinear modeling in the analysis and
design of seismic isolators, ensuring more reliable performance predictions and
enhanced structural safety.

This study strongly advocates for the adoption of nonlinear models in SBI
design, as they provide greater accuracy and better insights into the dynamic behavior
of isolated structures. Further research is needed to incorporate axial stiffness effects
of isolators and the effects of all three components of earthquake motion. These
factors will provide a more comprehensive understanding of isolator behavior and
improve the accuracy of structural performance assessments under seismic loading.
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PHAN TiCH SO ANH HUONG CUA CAC MO HINH UNG XU
KHAC NHAU CUA GOI CACH CHAN PEN PHAN UNG DONG PAT
CUA NHA NHIEU TANG

Tran Hai Pang?, Nguyén Xuan Pai’, Nguyén Vin Ta!, Nguyén Hoang?
YWién Ky thudt cong trinh ddc biét, Truong Pai hoc Ky thudt Lé Quy Pén

Toém tit: Goi cach chan duoc xem 1a giai phap hi€u qua trong thiét ké khéang chin, duoc
mg dung rong rdi ¢ cac khu vuc c¢6 dong dat manh va ngay cang duoc ap dung ¢ khu vuc dong
dat trung binh. Mac du phan mém phan tich két ciu hién nay cung cap nhiéu mé hinh tng xir
khac nhau dé mé phong su lam viée ctia gdi cach chan, nhung su phu hop cta cic mé hinh nay
trong phan tich van con chua rd rang. Bai bao tién hanh phén tich s§ danh gia anh hudng cta
c4c mo hinh tmg xir khac nhau cta gdi cach chdn — bao gdm moé hinh tuyén tinh, mé hinh déo
Wen, md hinh song tuyén tinh va mé hinh gdi cao su — voi phan tng dong dat ciia két ciu nha
nhiéu tang. Cac phén tich lich sir thoi gian duoc thuc hién ddi véi két ciu nha cach chan dién
hinh bang cach sir dung gian d6 gia toc dong dat Northridge nim 1994, dugc khép phd phan
mg. Goi cach chan duge mé hinh bang phan tir 10 xo v6i cac tham sd cau thanh twong Gng véi
cac mo hinh dugc khao sat. Cac thong sb chinh cuia phan ung két cdu, gom tng xir gbi cach
chén, chuyén vi dinh va luc cit day cta cong trinh dugc st dung trong phan tich dé so sanh
phan tng ctia két cau v6i cac mo hinh gbi cach chin khac nhau. Két qua cho thdy, cic mé hinh
phi tuyén (md hinh déo Wen, mé hinh song tuyén tinh va mé hinh gdi cao su) cho két qua twong
ddng nhau, trong khi mé hinh tuyén tinh dua ra cac két qua qua cao vé luc va chuyén vi. Két
qua nay 1am rd nhitng han ché cua viéc sir dung mo hinh tuyén tinh twong dwong va nhan manh
su can thiét phai sir dung cac mo hinh phi tuyén dé danh gia chinh xac hon tng xur cua két cau
céch chin chiu tac dung ctia dong dat.

Tir khéa: Goi cach chan déay; mé hinh tré phi tuyén; phan tich phi tuyén lich sir thoi gian;
két cdu nha nhiéu tang cach chan.

Received: 16/03/2025; Revised: 23/12/2025; Accepted for publication: 26/12/2025
d

24



