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Abstract. Low-rise and mid-rise structures often possess natural periods that coincide with high-

energy seismic response plateaus, rendering them susceptible to significant response 

amplification. This study evaluates the comparative effectiveness of High Damping Rubber 

Bearings (HDRB) in mitigating these risks for 4-story and 8-story office buildings under 

Indonesian seismic conditions. Using rigorous Non-Linear Time History Analysis (NLTHA) in 

the dominant X-direction, the research examines period elongation, lateral displacement, inter-

story drift, peak floor acceleration, and base shear attenuation. Scientific findings reveal that 
HDRB transitions structural behavior into a near-rigid-body motion, reducing normalized inter-

story drift to 0.26 and 0.12, and base shear by up to 71%. Furthermore, peak floor acceleration 

is curtailed by 51% to 59%, ensuring the protection of sensitive non-structural components. The 

results demonstrate that while base isolation provides superior seismic protection for both 

building scales, its efficacy in intercepting seismic energy and preventing operational disruptions 

is significantly more pronounced in mid-rise structures. This study confirms that HDRB is an 

increasingly vital strategy for enhancing functional resilience as building height increase.  
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1.    Introduction  

Indonesia is recognized as one of the most seismically volatile regions globally, situated at the 

convergence of several major active tectonic plates. This geodynamic setting results in a high frequency 
of high-magnitude seismic events [1]. Consequently, structural design in Indonesia strictly adheres to 

standards such as SNI 1726:2019, which predominantly employs a fixed-base philosophy relying on 

structural ductility for inelastic energy dissipation. While this approach is engineered for life safety, 
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recent evaluations suggest that compliance with code-based elastic force demands does not inherently 

guarantee optimal seismic performance, particularly regarding inter-story drift control and the 

mitigation of non-structural damage [2]. Furthermore, Nonlinear Time History Analysis (NLTHA) 
studies have demonstrated that fixed-base reinforced concrete structures remain susceptible to 

significant deformations and excessive force demands during severe seismic excitations [3,4]. Low-rise 

and mid-rise structures often possess natural periods coinciding with high-energy seismic response 
plateaus, making them susceptible to response amplification [5,6].  

 While High Damping Rubber Bearings (HDRB) can mitigate this risk through period elongation and 

enhanced damping [7–10], this research provides a unique contribution by evaluating customized HDRB 

dimensions using the Bridgestone rubber compound for 4-story and 8-story buildings. It focuses on the 
often-overlooked low-to-mid-rise sector, where base isolation is less common but essential for effective 

seismic risk mitigation and structural resilience. Furthermore, the comparative analysis provides 

empirical evidence on how the effectiveness of base isolation scales with building height in low-to-mid-
rise structures, offering a more nuanced perspective on the performance limits of high-damping systems. 

2.   Methods 

This study employs a quantitative approach utilizing numerical simulations to compare and evaluate the 
seismic performance effectiveness of HDRB in 4-story low-rise and 8-story mid-rise buildings. The 

investigation culminates in a rigorous Non-linear Time History Analysis to comprehensively assess the 

dynamic structural behavior under specified seismic excitations. 

2.1.   Structural Design and Specifications 

    
(a) (b) (c) (d) 

Figure 1. Numerical modelling of existing buildings: (a) plan view of the building; (b) 4-story 

building; (c) 8-story building; (d) base isolation location plan 

 

Table 1. Structural element dimensions 

 

Frame Type Story 
Column Main Beam Secondary Beam Slab 

Dimension (mm) Dimension (mm) Dimension (mm) Thickness (mm) 

4-Story 1-2 600 x 600 400 x 600 250 x 400 120 

3-4 500 x 500 300 x 500 250 x 400 120 

8-Story 1-2 800 x 800 600 x 800 250 x 400 120 

3-4 700 x 700 500 x 700 250 x 400 120 

5-6 600 x 600 400 x 600 250 x 400 120 

7-8 500 x 500 300 x 500 250 x 400 120 

 
The research focuses on a comparative analysis of 4-story (low-rise) and 8-story (mid-rise) reinforced 

concrete buildings with their configurations shown in Figure 1(a) to (c). Regarding material 

specifications, the concrete is defined by a compressive strength (f’c) of 30 MPa. The reinforcement 
steel utilizes yield strengths (fy) of 420 MPa and 280 MPa for longitudinal and transverse reinforcement, 

respectively. For the office building functional assumption, structural loading protocols, encompassing 

both gravitational and lateral loads, are calculated in accordance with SNI 1727:2020 for minimum 
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design loads [11]. Furthermore, seismic resistance criteria are established following the SNI 1726:2019 

standard [12]. Detailed dimensions for each structural component are provided in Table 1 with structural 

element sizing established in accordance with SNI 2847:2019 requirements for Special Reinforced 
Concrete Moment Frames (SRCMF) [13]. 

2.2.   Ground Motion Selection for Time History Analysis 

The structural models are assumed in Denpasar, Bali, a region characterized by high seismic activity. 
The site is classified as Site Class D (Stiff Soil), with mapped spectral acceleration parameters at short 

periods (SS) and the 1-second period (S1) established at 0.97 g and 0.39 g, respectively. Eleven sets of 

ground motion records were selected from the Pacific Earthquake Engineering Research Center (PEER) 

[14] and the Natural Hazards Risk and Resiliency Research Center (NHR3) [15] databases. 
 

Table 2. Selected earthquake ground motion 

 

Label Earthquake Event Station Year Magnitude (Mw) Distance (km) 

E1 Taiwan SMART1 C00 1985 5.8 41.7 

E2 Sierra Madre Tarzana - Cedar Hill A 1991 5.61 48.2 

E3 Umbria, Italy Citta Di Castello-Regnano 1984 5.6 41.1 

E4 Molise, Italy San Marco dei Cavoti 2002 5.7 45.5 

E5 Landers Pomona - 4th & Locust FF 1992 7.28 117.5 

E6 Tabas, Iran Ferdows 1978 7.35 91.1 

E7 Kern County LA - Hollywood Stor FF 1952 7.36 117.7 

E8 El Mayor, Mexico Mecca - CVWD Yard 2010 7.2 102.8 

E9 South Peru MOQ1 2001 8.41 89.6 

E10 Tokachi BIRATORI-E 2003 8.29 97.4 

E11 Coastal, Chile GO04 2015 8.31 87.3 

 
 The structural dynamic behavior in this study is evaluated using Nonlinear Time History Analysis 

(NLTHA) to capture a more realistic response to varying seismic characteristics. As shown in Table 2, 

eleven ground motion records were selected and scaled to ensure that the mean response spectrum 
matched or exceeded the target design spectrum. Utilizing the frequency-domain spectral matching 

method, the scale factors were calculated by determining the ratio between the target spectrum and the 

individual ground motion spectra at each frequency while maintaining a fixed phase [16]. In accordance 
with established studies, employing a suite of 7 to 11 records is recommended to achieve stable and 

representative response parameter estimates through mean value analysis. This ensures more reliable 

results by minimizing statistical uncertainties [17].  

2.3.   Design of Base Isolation System: High Damping Rubber Bearing (HDRB) 
To accommodate different structural demands, the 4-story and 8-story buildings are equipped with 

HDRB D500 and HDRB D650, respectively. These isolators are modelled using Nonlinear Rubber 

Isolator link properties, where the nonlinear hysteretic behaviour is defined by the Wen’s Model of 
plasticity [18]. This approach accounts for the effective stiffness (Keff), yield strength (Qd), and post-

yield stiffness ratio (r) [10], enabling the simulation of equivalent damping ratios at high shear strain 

levels [19]. The selection of HDR material, referenced from Bridgestone catalogues, is intended to 
provide high inherent damping without the need for supplemental dissipation devices, thereby 

simplifying the isolation system configuration [20]. 

 Unlike conventional standard sizes, the isolator dimensions were customized to provide flexibility in 

optimizing the structural natural period and axial load-carrying capacity specific to each story building. 
This customization approach aims to achieve an equilibrium between material efficiency and the 

maximum reduction of peak floor accelerations. In the structural model, the isolators are assumed to be 

positioned at the base of every column, as illustrated in Figure 1(d). The High Damping Rubber Bearings 
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(HDRB) for both the 4-story and 8-story buildings utilize X0.6R rubber compound material. The final 

design parameters and mechanical properties of the HDRB units are summarized in Table 3.  

 
Table 3. Design characteristics and mechanical properties of HDRB 

 

Specification Notation 4-Story 8-Story 

Elastomer diameter (DB) 500 mm 650 mm 

Total rubber thickness (Tr) 140 mm 210 mm 

Equivalent shear modulus (Geq) 0.62 MPa 0.62 MPa 

Equivalent damping ratio (Heq) 24% 24% 

Maximum shear strain (γmaks) 2.2 1.7 

2.4.   Analysis Procedure and Evaluation Criteria 

 

 
Figure 2. Research workflow 

 

The systematic research framework is illustrated in Figure 3. The initial phase involves the preliminary 
design of the superstructure and the calculation of column service axial loads, which serve as the basis 

for determining isolator dimensions and target seismic parameters. Once the isolator properties at the 

design displacement (DM) are established, a rigorous verification procedure is implemented. 

 The design verification encompasses three primary criteria: the consistency of the effective period 
(TM ≈ TM2), compliance with the allowable displacement limit (DTM ≤ Dallow), and stability assessment 

against critical compressive stress (pi ≤ σcr). Failure to satisfy any of these criteria triggers a design 

iteration process until an optimal isolator configuration is achieved. Following the validation of the 
design, the final phase focuses on Nonlinear Time History Analysis (NLTHA) to comprehensively 

evaluate the system's effectiveness in seismic response reduction. 

3.   Results and Discussion 

The numerical simulations provide a comprehensive overview of the divergent dynamic behaviors 

between the conventional fixed-base and base-isolated systems. While the analysis evaluates structural 

responses in both the X and Y directions, this study focuses on the X-direction for comparative 

assessment, as the modal analysis indicates a dominant first mode in this direction. 

3.1.   Fundamental Period Elongation 

The implementation of a base isolation system is proven to significantly elongate the natural period of 

the structure. As illustrated in Figure 4, the first-mode fundamental period of the 4-story building 
increased from 0.645 s in the fixed-base (FB) configuration to 2.223 s in the isolated-base (IB) model. 

Similarly, the 8-story building showed an increase from 0.916 s (FB) to 2.963 s (IB). This reflects the 

period elongation effect resulting from the additional lateral flexibility of the isolators at the structural 

base. This shift enables the isolated structure to move away from the high-acceleration plateau of the 
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response spectrum, thereby reducing dynamic responses to seismic loads and enhancing the overall 

seismic performance of the system [21,22]. 

 
Figure 3. Comparison of natural vibration periods against the design response spectrum 

 
Table 4. Comparison of fixed base and isolated base structure performance in x-direction 

 

Type 

4-Story  8-Story 

LD ISD FA BS LD ISD FA BS 

(mm) (%) (mm/s2) (kN) (mm) (%) (mm/s2) (kN) 

Fixed 94.59 0.88% 9489 12937 203.76 1.07% 10975 23555 

Isolated 25.11 0.23% 4651  4334 29.25 0.13% 4446 6840 

Ratio 0.27 0.26 0.49 0.34 0.14 0.12 0.41 0.29 

Note: LD: Lateral Displacement; ISD: Inter-story Drift; FA: Floor Acceleration; BS: Base Shear. 

 
 Furthermore, base isolation significantly concentrates cumulative mass participation within the 

primary fundamental modes. This indicates that the structural dynamic response is significantly 

dominated by the first and second modes, while the contribution of higher vibration modes becomes 
negligible. This characteristic signifies a more focused and stable system response in the primary 

horizontal directions, which is a hallmark of effective isolated building dynamics in reducing seismic 

demands compared to conventional structures [23,24]. 

3.2.   Structural Lateral Displacement 
As shown in Figure 5, the fixed-base (FB) structure exhibits a steep diagonal displacement profile, 

indicating significant flexural deformation across all stories. In contrast, the isolated-base (IB) structure 

concentrates deformation at the isolation level. The nearly vertical displacement profile of the IB model 
demonstrates a rigid body motion behavior [25], which is technically advantageous in significantly 

minimizing inter-story drift. 

   
 (a)  
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 (b)  

Figure 4. Comparison of mean lateral displacement profiles in x-direction: (a) 4-story responses; (b) 

8-story responses 
 The analytical data from Table 4 reveals that the 4-story fixed-base (FB) configuration generates a 

maximum deformation of 94.59 mm, which is curtailed to 25.11 mm in the isolated-base (IB) structure, 

reflecting a response ratio of 0.27, or approximately a 73% reduction. Even greater performance is 
observed in the 8-story model, where the isolation system suppresses lateral deformation from 203.76 

mm to just 29.25 mm, achieving a response ratio of 0.14. This indicates that the isolation effectiveness 

improves as the building height increases, resulting in an 86% reduction for the taller structure. 

3.3.   Inter-story Drift Reduction 
The seismic performance of the structure is evaluated by examining the maximum inter-story drift 

during the earthquake response, which serves as a primary indicator of the building's damage level. 

According to the FEMA 356 guidelines [26], the seismic performance levels for reinforced concrete 
frame systems are defined based on maximum inter-story drift limits: 1% for Immediate Occupancy 

(IO), 2% for Life Safety (LS), and 4% for Collapse Prevention (CP), as illustrated in Figure 5. 

   
 (a)  

   
 (b)  
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 (c)  

Figure 5. Inter-story drift profiles in x-direction: (a) 4-story responses; (b) 8-story responses; (c) 

comparison of mean peak responses between fixed-base and isolated-base configurations 
 

 The integration of HDRB significantly enhances seismic resilience by decoupling the superstructure 

from ground motions, ensuring structural integrity through balanced elastic stiffness and efficient energy 
dissipation [27]. As illustrated in Figure 5(c) and Table 4, the maximum inter-story drift for the 4-story 

structure is significantly curtailed from 0.88% to 0.23%. This performance demonstrates that the isolated 

response ratio is merely 0.26, representing a 74% reduction. A more substantial improvement is 

observed in the 8-story model, where the drift decreases from 1.07% to 0.13%, yielding a response ratio 
of only 0.12 or an 88% reduction of the seismic demand. This drastic reduction, particularly pronounced 

as building height increases, minimizes the risk of architectural damage and post-earthquake functional 

loss [28], ensuring that both models remain well within the Immediate Occupancy (IO) performance 
threshold as defined by FEMA 356 [26]. 

3.4.   Peak Floor Acceleration (PFA) Reduction 

Peak floor acceleration is a critical determinant of structural resilience, directly influencing occupant 
comfort and the seismic protection of internal assets [29,30]. In this research, minimizing PFA is 

prioritized to safeguard sensitive electronic equipment and ensure the stability of unanchored non-

structural components.  

 

   
(a) (b) (c) 

Figure 6. Peak floor acceleration profiles in x-direction: (a) 4-story responses; (b) 8-story responses; 

(c) comparison of mean responses between fixed-base and isolated-base configurations 
 

 The analytical results in Figure 6 and Table 4 demonstrate that the HDRB system significantly 

attenuates peak accelerations by acting as a low-pass filter that blocks high-frequency ground motion 

components. Specifically, the mean peak floor acceleration for the 4-story fixed-base structure of 9489 
mm/s² is curtailed to 4651 mm/s², yielding a response ratio of only 0.49. A more pronounced reduction 



  

02603015-08 

is observed in the 8-story model, where the acceleration decreases from 10975 mm/s² to 4446 mm/s², 

resulting in a superior response ratio of 0.41. The greater reduction observed in the 8-story model 

suggests that the synergistic effect between the base isolation's flexibility and the building's inherent 
natural period further enhances the seismic demand attenuation. These findings are consistent with 

previous benchmarking studies [9], which reported acceleration reductions ranging from 28% to 45% 

depending on seismic intensity levels. The slightly higher attenuation observed in this study further 
validates the effectiveness of the customized HDRB properties in filtering floor accelerations. 

3.5.   Base Shear Reduction 

Base shear is a fundamental parameter in evaluating structural seismic performance, as it directly 

represents the resultant inertial forces transferred from ground motion to the superstructure during an 
earthquake. In conventional structures, the magnitude of this shear force is heavily influenced by the 

structural stiffness and the ground acceleration induced at relatively short natural periods. 

 

   
(a) (b) (c) 

Figure 7. Base shear profiles in x-direction: (a) 4-story responses; (b) 8-story responses; (c) 

comparison of mean responses between fixed-base and isolated-base configurations 
 

  The analytical results in Figure 7 and Table 4 highlight a significant reduction in base shear forces, 

a direct consequence of the isolation system’s ability to modify the structural impedance. Mean base 

shear data indicates that the 4-story structure experiences a reduction from 12937 kN to 4334 kN, 
decreasing the response ratio to 0.34. Similarly, the 8-story model shows a more substantial decline from 

23555 kN to 6840 kN, resulting in a response ratio of only 0.29. The observed attenuation in base shear 

aligns with the trends reported in previous studies, which noted reductions of 33% to 44% under various 
seismic intensities [9]. However, the higher efficiency achieved in this study highlights the effectiveness 

of the customized HDRB configuration in further decoupling the superstructure from seismic demands 

compared to standardized isolation applications. 

 This attenuation is driven by the synergistic effect of period elongation and enhanced hysteretic 
damping. By shifting the fundamental period into the lower-energy region of the design spectrum, the 

HDRB system effectively limits the pseudo-acceleration demand on the superstructure. Furthermore, 

the nonlinear hysteretic behavior [31] of the rubber compound facilitates significant energy dissipation 
at the isolation interface, effectively acting as a 'fuse' that prevents the transmission of damaging inertial 

forces. 

4.   Conclusion 

This study confirms that High Damping Rubber Bearings (HDRB) effectively transition structural 

behavior from a shear-dominant deformation to a near-rigid-body motion, successfully addressing the 

inherent vulnerability of structures whose natural periods coincide with high-energy seismic plateaus. 

The findings demonstrate that while base isolation provides a substantial safety margin for both scales, 
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its efficacy in intercepting seismic energy and mitigating response amplification is significantly more 

pronounced in mid-rise buildings compared to low-rise configurations. By shifting the structural demand 

to the isolation interface, the system not only ensures structural integrity but also maintains the 
operational continuity of acceleration-sensitive environments, proving to be an increasingly vital 

strategy as building height increase. 
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