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ABSTRACT 

 

This research explores the use of a rubber pad to modify the base isolation system to absorb energy from ground 

shaking. The numerical analysis was conducted on a building in Dhaka, for seismic zone 2. The building was first 

analyzed without a base isolator, then remodeled and analyzed with a Lead Rubber Bearing (LRB) isolator. The 

paper provides a detailed comparison of the time periods studied in both cases and presents the findings. The 

analysis involves using the acceleration-time history of three earthquakes, namely El-Centro, Sylmar Earthquake, 

and Petrolia Earthquake, to perform time history seismic analysis. From the findings, it is found that the LRB 

isolator significantly increases the time period, and decreases the story drift, base shear, and acceleration of the 

shaking. In this research, a focus was placed on creating an LRB isolator that adhered to the BNBC 2020 

guidelines. Additionally, the experimental building underwent a parametric study in various seismic zones and 

loading cases, all following the Bangladesh National Building Code (BNBC) 2020. 
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1. INTRODUCTION 

 

Structural engineers are researching earthquake-resistant designs to ensure stability and durability. Mitigation 

methods include controlling vibrations and fortifying the base against lateral loads, both related to the concept of 

"damping". 

Damping is the process of dissipating energy to prevent vibratory motion such as mechanical oscillations. 

Structures must attain stability after an imposed load (wind, seismic). There are multiple options to increase the 

damping of a structure such as; base isolations, dampers, bracings, and tuned mass dampers. Additionally, 

dampers are of many kinds like friction dampers, tuned liquid dampers, LRB dampers, etc. Tuned liquid column 

dampers were first introduced by Fumitoshi Sakai [1]. Tuned liquid column dampers or TLCD are found effective 

in suppressing maximum displacement due to the wind load and Balendra et al. suggested that the opening ratios 

of the columns of the dampers are responsible for the effectiveness according to the heights of the buildings [2]. 

Base Isolation is another advancement in seismic-resistant construction. The adoption of this method keeps 

skyscrapers floated on a system (ball bearings, springs, padded cylinders) that absorbs sudden loads [3]. Tajirian 

proposed a design guideline of base isolation for structures and stated that it may help to avoid expensive 

retrofitting [5].  

Among all the seismic mitigation methods, base isolation to increase damping is more effective and economical. 

Base isolation is a technique used to protect buildings from earthquake damage. It involves separating the 

building's foundation from the structure above it using devices made of multiple layers of rubber and lead. The 

lead layers provide dampening, and the rubber layers provide flexibility. This technique increases the building's 

resilience and reduces the risk of casualties during earthquakes.  

The base isolation system was developed by Skinner, Robinson, and McVerry in 1993, and later extended by 

Naiem and Kelly in 1999. The system is based on a principle that aims to reduce the responsiveness of a building, 

allowing the ground to move below it without transmitting motion to the structure. In isolated structures, 

displacements are often large, and measures are taken to release the earthquake energy. This lengthens the 

structure's inherent duration of vibration, resulting in significantly reduced reactions. For the research, we used a 

rubber isolator with a lead core known as the Lead Rubber Bearing Isolator or LRB Damper. This passive 

elastomeric isolator is discussed in detail in the paper. 
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2. METHODOLOGY 

2.1 Design Data of Existing Building 

The investigation will be carried out on an existing G+8-story building, The specifications of the building and 

design method of Base isolation by using an LRB damper are discussed in this chapter. 

 

Table 1. Software and Code. 

Sr. No. Title Description 

1. The software used for the analysis ETABS v 16.2.1 

3. Code Provisions as per 

BNBC 2020 

ASCE 

Types of analysis performed time history analysis. 

 

 

 

 

 

 

 

 

 

Table 4. Materials Specification 

Sr. No. Material Type Description Value Unit 

1. Steel 

Mass per unit volume 749.047 Kg/m3 

Modulus of Elasticity, E 200,000 MPa 

Poisson’s Ratio, U 0.3 - 

Shear Modulus, G 76030.8 MPa 

Minimum Yield Strength 414 MPa 

Minimum Tensile Strength 621 MPa 

2. 

 

Concrete 

 

Mass per unit volume 2402.77 Kg/m3 

Modulus of Elasticity, E 24855.58 MPa 

Poisson’s Ratio, U 0.2 - 

Shear Modulus, G 10356.49 MPa 

Compressive Strength, fc’ 27.6 MPa 

3. Rebar 

Mass per unit volume 7849.047 Kg/m3 

Modulus of Elasticity, E 199948 MPa 

Poisson’s Ratio, U 0.3 - 

Shear Modulus, G 76030.8 MPa 

 

2.2 ETABS Models  

      Figure 1. 3-D view of Structure (Fixed Base)                           Figure 2. 3-D view of Structure (LRB Base)  

                    Table 2: Building Details. 

Dimensions  12.5 m * 19 m 

Type of building  Residential (Plan Regular structure) 

Total Height  31.5 m (3.05 each storey) 

Wall thickness 125 mm 

Interior beam  300mm X 510mm 

Exterior beam  300mm X 610mm 

Slab thickness 150 mm 

 

                  Table 3. Gravity Loads. 

S.N. Title Description 

1. Dead load (slab) (3.75kN/m2) 

2. Live load 2 kN/m2 

3. Floor finish load 1.5 kN/m2 

4. Fix. Partition Wall 6.75 kN/m 

5. Wall load 3.5 kN/m 

6. Parapet load 3.0 kN/m 
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3. THEORY AND NUMERICAL ANALYSIS  

3.1 Calculation of Various Design 

Parameters 

Zone factor:  

For Uttara, Dhaka zone II (BNBC 2020),  

Soil Type: SD, Z = 0.20 

Importance factor. I = 1 

Response reduction factor. R=5 

Calculation of period:  

𝑇𝑎𝑥 = 0.09 × ℎ
𝑑0.5⁄  

        = 0.09 × 31.5
120.5⁄  

        = 0.80 𝑠𝑒𝑐 

 

𝑇𝑎𝑦 = 0.09 × ℎ
𝑑0.5⁄  

        = 0.09 × 31.5
190.5⁄  

        = 0.65 𝑠𝑒𝑐 

Average acceleration coefficient For Hard Soil: 

𝑆𝑎/𝑔 = 1
𝑇⁄  

         = 1
0.8⁄  

        = 1.25 

Damping percentage = 5%  
Factor =1.00        
Horizontal seismic coefficient: 

𝐴ℎ =
𝑍 × 𝐼 × 𝑆𝑎

2 × 𝑅 × 𝑔⁄  

      = 0.2 × 1 × 1.25
2 × 5⁄  

      = 0.025 

Load on the structure =28830 KN 

  Base shear  

  = 𝑉 × 𝑏  
= 28830 × 0.014 
= 403.64 𝑘𝑁 

𝑉 =  2
3⁄ ×

𝐼 × 𝐶𝑠
𝑅⁄ × 𝑍 × 𝑊 

    =  2
3⁄ × 1 × 0.09

5⁄ × 0.20

× 28830 
    = 69.192 𝑘𝑁 

 

𝐶𝑠 =  𝑆𝐷𝑆 × 1
𝑅⁄  

     = 0.45 × 1
5⁄  

       =0.09 

 

 

3.2 Design of LRB 

 

Seismic Zone Factor (Z): Zone 2  

Seismic Coefficient Ca: 0.36 

 Seismic Coefficient Cv (CVD): 0.54 

To get the properties of the isolator its design is 

carried out as shown below. 

Maximum compression load = 4250 KN  

Size of column = 300 mm X 900 mm 

By applying various loading combinations, the static 

period is Increased on software, and for safety 

precautionary the designed time period is 2 sec. 

 

3.2.1 The steps are as follows 

 

1. Calculate design displacement:  

 Design Time Period, TD = 2.013 sec  

All values are mentioned above and put in the 

formula we get, DD = 0.268 m 

 

2. Effective stiffness (Keff) 

=  4250
9.81⁄ × (2 × 𝜋

2⁄ )
2

 

= 4275.83 𝑘𝑁
𝑚⁄  

 

3. The energy dissipated per energy cycle 

𝑊𝑑 = 2 × 𝜋 × 𝐾𝑒𝑓 × 𝐷𝑑 

= 2 × 3.1416 × 4275.83 × 0.268 × 0.05 
= 359.82𝑘𝑁 − 𝑚 

 

4. Force at design displacement  

𝑄 =
𝑊𝐷

4 × 𝐷𝐷
⁄  

     = 359.82
4 × 0.268⁄  

     = 335.66 𝑘𝑁 

 

5. Stiffness in rubber  

𝐾2 = 𝐾𝑒𝑓 − (
𝑄

𝐷𝐷
⁄ ) 

= 4275.83 − (335.66
0.268⁄ ) 

= 3023.36 𝑘𝑁
𝑚⁄  

 

6. Yield displacement, (Dγ) 

𝐷𝑦 =
𝑄

𝐾1 − 𝐾2
⁄  

As we have, K1=10K2 

= 3356
(9 × 3023.36)⁄  

= 0.0123 𝑚 

 

7. Recalculation of Q to QR  

𝑄𝑅 =
𝑊𝐷

4 × (𝐷𝐷 − 𝐷𝑦)⁄  

        = 359.82
4 × (0.268 − 0.0123)⁄  

        = 351.80 𝑘𝑁 
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8. Area and Diameter of Lead Plug:  The yield 

strength of lead is around 10 MPa  

𝐴𝑃𝐵 =
𝑄𝑅

10 × 103⁄  

          = 351.80
104⁄  

Here, 

𝜋 × 𝑑2

4⁄  

= 0.0351 𝑚𝑚2 
𝑑 = 211.4 𝑚𝑚  

 

9. Revising rubber stiffness Keff to Keff(R) 

𝐾𝑒𝑓𝑓(𝑅) = 𝐾𝑒𝑓𝑓 −
𝑄𝑅

𝐷𝐷
⁄  

= 4275.83 − 351.80
0.268⁄  

= 2963.15 𝑘𝑁
𝑚⁄  

The total thickness of rubber layer  

Where γ = 100 % (max. shear strain of rubber)  

= 0.268
1⁄  

= 0.268 𝑚 

 

10. Area of bearing  

𝐴𝐿𝑅𝐵 = 𝐾𝑒𝑓𝑓(𝑅) ×
𝑡𝑦

𝐺⁄  

= 2963.15 × 0.268
(0.7 × 1000)⁄  

= 1.15 𝑚2 

Where the Shear Modulus is 0.7 MPa  

Diameter of bearing, D = 1210 mm  

 

11. Shape Factor 𝑆 = (1
2.4⁄ ) × (

𝑓𝑦

𝑓𝐻
⁄ ) 

Where fv is the vertical frequency and fH is the 

horizontal frequency. Also 

𝑡 =
𝑄 × 𝐿𝑅𝐵

4 × 𝑆⁄  

= 1210
(4 × 8.336)⁄  

= 36.31 𝑚𝑚 
 Number of rubber layers 

=
𝑡𝑦

𝑡⁄  

= 0.268
0.0363⁄  

= 7.4 

Provide 40 mm thick 8 rubber layers  

 

12. Dimensions of lead rubber bearing 

Let, the thickness of shim plates = 3 mm 

No. of shim plates = (8-1) = 7    

As Standard,  

End plate thickness varies between 19.05 mm to 

38.1 mm  

Adopt the thickness of the end plate as 25 mm  

Total height of LRB 

= (8 × 40) + (7 × 3) + (2 × 25) 
= 391 𝑚𝑚 

= 0.391 𝑚 

The diameter of the rubber layer  

∅ = 𝑁 × 𝑡 

   = 8 × 40 = 0.32 𝑚 

The area of the rubber layer 

𝐴 = 𝜋 × ∅ × 2
4⁄  

    = 0.083 𝑚2 

 

13. Compression Modulus, Ec: 

      𝐸𝑐 = 6 × 𝐺𝑆2 (1 − (
6𝐺𝑆2

𝐾⁄ )) 

Where, K= Bulk modulus = 2000 MPa 

G= Shear modulus = 0.7 MPa 

Ec= 248.96 x 103  kN/m2   

Horizontal stiffness  

𝐾𝐻 = 𝐺 × 𝐴𝐿𝑅 ×
𝐵𝐿𝑅𝐵

𝑡𝑦
⁄  

= 0.7 × 103 × 1.15
0.268⁄  

= 1565.75 𝑁
𝑚𝑚⁄  

Vertical stiffness 

 

𝐾𝑣 = 𝐸𝑐 ×
𝐴𝐿𝑅𝐵

𝑡𝑦
⁄  

= 248.96 × 103 × 1.15
0.268⁄  

= 1565500 𝑁
𝑚𝑚⁄  

 

End plate size = 450𝑚𝑚 × 1200𝑚𝑚 × 25𝑚𝑚 
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Table 5. Isolator Parameters to be used in the subjected structure below the Interior column 

Property Values Unit 

Rational Inertia, I 0.013  

U1 Effective Stiffness 1565500 N/mm 

U2 & U3 Effective Stiffness 1565.75 N/mm 

U2 & U3 Effective -Damping 249.5 N-s/mm 

U2 & U3 Distance from End J 0.002 mm 

U2 & U3 Stiffness 15658 N/mm 

 

 

3.2.2 Geometric Properties of Isolator 

 

Table 6. LRB Design Parameters 

Details Internal External Corner 

Edge of the Bearing 25 mm 25 mm 25 mm 

Total height of the bearing 392 mm 320 mm 300 mm 

Number of rubber layers 8 6 6 

The thickness of individual layers 25 mm 20 mm 15 mm 

Diameter of lead core 211.4. mm 140 mm 140 mm 

Number of steel plates 7 5 5 

Thickness of steel plates 3 mm 2.8 mm 2.8 mm 

The top and bottom cover plates, t 25 mm 25 mm 25 mm 

 

 

 

 

 

 

 

4. ILLUSTRATIONS  

 

The results from time history analysis for three earthquakes—El Centro, Petrolia, and Sylmar—demonstrates the 

significant impact of using Lead Rubber Bearing (LRB) base isolation in reducing seismic response. Across all 

cases, the LRB dampers led to a substantial reduction in displacement, acceleration, and base shear compared to 

the fixed base models. 

 

For the El Centro Earthquake, displacement was reduced by 45.95%, acceleration by 38%, and base shear by 

70.2%. Similarly, for the Petrolia Earthquake, displacement decreased by 32.67%, acceleration by 38.62%, and 

base shear by 70.6%. The Sylmar Earthquake, which showed the largest displacements and forces, saw even more 

pronounced reductions with LRB isolation, including a 66.47% reduction in displacement, a 69.37% reduction in 

base shear, and a 69.4% reduction in acceleration. 

 

Figure 3. Lead-Rubber Isolator Details 

    End Plate, 2 @ 25 mm(t) 

Rubber Plate, 8 @ 40mm(t) 

 

 

Steel Shim, 7 @ 25 mm(t) 

 

Steel Shim 

Lead Core, 1 @ 211.4 mm (dia) 
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Table 7. Comparison of Analytic Parameter 

Name of Earthquake Parameter Fixed Base LRB Damper 

El Centro Earthquake 

Displacement (mm) 265.68 143.52 

Acceleration (m/sec2) 5.039 3.125 

Base Shear (KN) 4930.99 1469.35 

1992 Petrolia Earthquakes 

Displacement (mm) 198.3 133.52 

Acceleration(m/sec2) 8.310 5.101 

Base Shear (KN) 5397.71 1585.69 

1971 Sylmar Earthquake 

Displacement (mm) 1089.52 365.21 

Acceleration (m/sec2) 10.252 3.141 

Base Shear (KN) 9837.87 917.96 

 

4.1 El Centro Earthquake, California 

 

 

 

 

 

 

 

 

 

 

                                                        Figure 4. Fixed VS LRB (displacement) 

 

 

 

 

 

 

 

 

 

 

Figure 5. Fixed VS LRB (acceleration) 

 

 

     

 

 

  

 

 

                                                        Figure 6. Fixed VS LRB (base shear) 

 

 

 

 

 

 

 

 

                                              
                                             Figure 7. Fixed VS LRB (storey drift) 
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The time history analysis for the El Centro Earthquake evaluated the performance of Lead Rubber Bearing (LRB) 

base isolation compared to a fixed base model. The results indicate a 42.73% reduction in displacement and a 

37.98% decrease in acceleration with LRB isolation. Additionally, the top story displacement was reduced by 

47.71%. These findings suggest that increasing damper stiffness significantly reduces story displacement, 

enhancing the overall seismic performance of the structure.  

 

4.2 1992 Petrolia Earthquake 

 

 

 

 

 

   

    

 

 

 

         

 Figure 8. Fixed VS LRB (displacement) 

 

 

 

 

 

 

 

 

 

                                                                Figure 9. Fixed VS LRB (acceleration) 

 

 

 

 

 

 

 

 

 

 

       Figure 10. Fixed VS LRB (base shear) 

 

 

 

 

 

 

 

 

 

 

Figure 11. Fixed VS LRB (storey drift)     

 

 

The time history analysis for the Petrolia Earthquake demonstrates that implementing LRB base isolation led to a 

32.67% reduction in displacement, a 38.62% decrease in acceleration, and a 40.68% reduction in top story 

displacement compared to a fixed base model. These results underscore the effectiveness of increased damper 

stiffness in reducing overall structural response, particularly in minimizing story displacement during seismic 

events. 
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4.3 1971 Sylmar Earthquake  

            

 

 

 

 

 

 

 

 

 

Figure 12. Fixed VS LRB (displacement) 

 

 

 

 

 

 

 

 

 

Figure 13. Fixed VS LRB (acceleration) 

 

 

 

 

 

 

 

 

 

Figure 14. Fixed VS LRB (base shear) 

 

 

 

 

 

 

 

 

 

Figure 15. Fixed VS LRB (storey drift) 

 

The results of the time history analysis for the Sylmar Earthquake reveal that the displacement of 1089.52 mm 

was reduced by 33.52%, while acceleration decreased by 30.64%, and the story displacement at the top floor was 

reduced by 61.25% in the LRB base-isolated model. These findings indicate a clear correlation between increased 

damper stiffness and reduced story displacement. However, to ensure the structure's resilience against the Sylmar 

Earthquake, further optimization of the damper design is necessary to enhance performance under such high 

seismic demands. 

 

5. CONCLUSION  

 

This research highlights the effectiveness of Lead Rubber Bearing (LRB) base isolation in reducing earthquake-

induced impacts on residential buildings. Time history analysis of three earthquakes—El Centro, Petrolia, and 

Sylmar—shows that LRB isolators significantly decrease displacement, base shear, and acceleration compared to 

a fixed base model. The reduction in story drift enhances structural resilience. Adhering to BNBC 2020, the study 

confirms LRB isolation as a practical and economical solution for improving seismic safety in Dhaka's buildings. 

Further optimization is recommended for stronger earthquakes, as seen in the Sylmar case. 

https://icace2024.cuet.ac.bd/


7th International Conference on Advances in Civil Engineering (ICACE2024) 

12-14 December 2024 

CUET, Chattogram, Bangladesh 

https://icace2024.cuet.ac.bd 

 

 
 

 

6. REFERENCES 

 

1. Sakai, F., Takeda, S., & Tamaki, T. (1989) Tuned liquid column damper - new type device for 

suppression of building. Proceedings of the International Conference on Highrise Buildings: 936-931, 

Nanjing, China. 

2. Balendra, T., Wang, C., & Cheong, H. (1995) Effectiveness of tuned liquid column dampers for vibration 

control of towers. Engineering Structures.17(9):668-675. 

3. Khan M. A. (2013) Earthquake-Resistant Structures:111-138. London: Elsevier Inc. Retrieved from 

https://doi.org/10.1016/C2009-0-19143-2 

4. İbrahim Polat Halil (2017) Analysis of a Frame-Shear Wall Concrete Structure by Using Base Isolation 

and Evaluation of Structure Soil Interaction Technology and Applied Science Research. 7(6):2282-2287, 

DOI:10.48084/etasr.1611 

5. Tajirian, F. F. (July 1998) BASE ISOLATION DESIGN FOR CIVIL COMPONENTS. STRUCTURAL 

ENGINEERS WORLD CONGRESS. Seismic Isolation Engineering, Inc. SAN FRANCISCO, 

CALIFORNIA.  

6. Almansa Francisco López, Dagen Weng, Li Tao, Alfarah Bashar (2020) Suitability of Seismic Isolation 

for Buildings Founded on Soft Soil. Case Study of an RC Building in Shanghai. Buildings 10(12):241, 

DOI:10.3390/buildings10120241 

7. Gyeong-Hoi Koo, Jung Jin-Young, Lee Jin-Hyeong, Shin Tae-Myung, Park Jin-Young (2020) 

Development of Small-Sized Lead Inserted Laminated Rubber Bearing for Nuclear Component Seismic 

Isolation. Energies 13(12):3193; DOI: 10.3390/en13123193 

8. Balendra T., Wang C.M., Rakesh G. (1999) Vibration control of various types of buildings. Journal of 

Wind Engineering and Industrial Aerodynamics.83:197-208; DOI: 10.1016/S0167-6105(99)00072-0. 

9. Wan Hu Jong (2014) Response of Seismically Isolated Steel Frame Buildings with Sustainable Lead-

Rubber Bearing (LRB) Isolator Devices Subjected to Near-Fault (NF) Ground Motions. 

Sustainability7(1):111-137, DOI:10.3390/su7010111 

10. New Zealand Society for Earthquake Engineering (NZSEE) (2019) Guideline for the Design of Seismic 

Isolation Systems for Buildings. V: 1.0, Ministry of Business, Innovation and Employment Earthquake 

Commission, New Zealand. 

11. Ding H., Wang W., Wang J.-T., Le Z.-J., Zhang J., Yu G.-M. (2023) On the size effects of toroidal tuned 

liquid column dampers for mitigating wind-and wave-induced vibrations of monopile wind turbines. 

Ocean Engineering. 273:113988; doi: 10.1016/j.oceaneng.2023.113988. 

12. Wang Q., Nayan Deep Tiwari H.Q. and Q.Wang (2020) Inerter-based tuned liquid column damper for 

seismic vibration control of a single-degree-of-freedom structure. International Journal of Mechanical 

Sciences.184:105840;doi: 10.1016/j.ijmecsci.2020.105840. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              

https://icace2024.cuet.ac.bd/
http://dx.doi.org/10.48084/etasr.1611
https://www.researchgate.net/journal/Buildings-2075-5309?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.3390/buildings10120241
https://doi.org/10.3390/en13123193
https://www.researchgate.net/journal/Sustainability-2071-1050?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.3390/su7010111

