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Abstract 
 

Limited and expensive land aqusitions require the development of buildings in city areas that are built vertically 
upwards. So that the building structure is designed to be able to accommodate the loads that work on the building. In 
addition to the strength of the structure, the building must also fulfill the stiffness requirements. This work studied 
the effect of the use of Fixed Base and Base Isolation supports in highrise building structures. The calculation of 
earthquake loads used is based on the Response Spectrum Design of the earthquake in the South Jakarta area. The 
numerical simulation of the combined dead load, live load and earthquake load was carried out using the finite 
element based design tool,   Etabs version 17. The lateral earthquake load was calculated using the static equivalent 
load principle. The number of floor of the building studied is 40 floors with a total height of 141 m. The results 
showed a decrease in shear forces and moments in buildings using Base Isolation was encountered in this study. 
Likewise on the top floor there is a decrease in the relative lateral drift between adjacent floors in buildings that use 
the base isolation 
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1. Introduction  
Indonesia is located at the confluence of the world's tectonic plates, namely the Indo-Australian plate, the Pacific 
plate and the Eurasian plate, see Figure1, so it has a risk of friction between plates that can cause tectonic 
earthquakes. It is not possible to predict when an earthquake will occur at this time. In terms of building structures 
planning and design, the impact of earthquakes on building structures needs to be mitigated, namely by designing 
earthquake-resistant building structures. Earthquake resistance design can be done using the equivalent static load 
principle, as in the Indonesian National Standard (SNI 1726 2019), where the influence of earthquake loads on 
building structures is calculated using the Earthquake Response Spectrum Design at the building site. Therefore, 
structural engineers require to conduct studies in designing and optimizing earthquake-resistant buildings based on 
the particular earthquake design load. 
 
The development of high-rise buildings is increasing rapidly due to the scarcity of land areas and the high land 
prices, thus demanding the construction of buildings in a vertical direction (high-rise building structures). In 
designing this high-rise building structure, it requires a careful review of the loads acting on the building. Loads 
acting on building structures need to consider are dead loads, live loads, wind loads and earthquake loads. The 
criteria that need to be met in designing earthquake-resistant high-rise buildings include the criteria for strength, 
stiffness and stability. The effect of earthquake loads on the building structure is influenced by the mass, stiffness, 
and damping characteristics of the building structure. 
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Figure 1. Indonesia’s Plate Tectonics 

 
The usage of seismic base isolation at the base of the building has an impact on the response of the building 
structure due to earthquake load. In this paper, the analysis of equivalent static earthquake loads with and without 
the use of base isolation at the base of the superstructure of the building are studied. The influence of earthquake 
loads in the form of an Earthquake Spectrum Response is carried out to evaluate the performance of the building 
structure against the requirements for strength and stiffness. 
 
2. Methods 
The method used in this study is carried out as follows: 

(a) Numerical modeling of the building structures is carried out using the E-tabs finite element based program. 
The 40-story building is modeled as an assemblage of beam and plate elements. The base isolation is 
modeled using an interface element which suits the stiffness behaviour of a certain seismic base isolation 
product. 

(b) The Calculation of earthquake lateral loads on building structures are carried out using the principle of 
equivalent static earthquake loads. 

(c) Structural analysis is performed using the finite element-based design tool. In this stage, the rigid frame 
reinforced structure is loaded with the combined dead loads, live loads and earthquake loads based on the 
design spectrum response. 

(d) The method of designing the strength of reinforced concrete structures section is carried out using the 
ultimate strength design method 

(e) The seismic base isolation modeling on the base of building structures is performed using the interface 
element which suits the behaviour of  Bridgestone’s seismic base isolation products. 

(f) Evaluation of the stiffness of structure is performed using SNI-1726-2019. 
 
The flow diagram of the procedure performed to evaluate the deformation behavior of the structure can be seen in 
the figure as follows; 
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Figure 2. Flow diagram of Structural Analysis and Calculation 
 
 
2.1 Building Structure Modeling 
The type of building that will be modeled in this study is an office building that has a symmetrical shape with a 
rectangular top view with a length of 38 m and a width of 28 m. 
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Figure 3.  Building Plans and Rigid Frame Structures of 40-Story Buildings 
 

 
Table 1. Beam and Column Dimension 

Story Beam & Plate Column 

36-40 K-350 K-400 
31-35 K-350 K-400 

26-30 K-350 K-450 
21-25 K-350 K-450 
16-20 K-400 K-500 
11-15 K-400 K-500 
6-10 K-400 K-550 
1-5 K-400 K-550 

 

 

 

 

Story Column 
36-40 50x50 
31-35 60x60 
26-30 70x70 
21-25 80x80 
16-20 90x90 
11-15 100x100 
6-10 110x110 
1-5 120x120 
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Type Beam 

Edge Beam 90x40 
Joist 60x30 

Long Span Beam 60x50 

 

 
The structural finite element modeling of the building structure is as follows: 
(a) Beams and columns of the building structural element are modeled using beam elements. 
(b) The floor plate of the building structure is modeled with 4-noded plate bending elements. 
(c) Seismic base isolation is modeled using interface element which behaviour represents the stiffness          

of the base isolation. 
 

3. Result and Discussion 
The results of the analysis of earthquake loads on the building structures is obtained using the spectrum response 
analysis. The analysis considered in this case is the building structure with a fixed base (i.e. without base isolation) 
and using the seismic base isolation can be seen in Table 2 and Table 11, respectively. 

Table 2.  Vibration Period of Building Structure Fixed Base (without base isolation) 

 

Tabel 3. Calculation of Fundamental Period of Fixed Base Structure  

SD1 0.51 g 

Cu 1.4   
Ct 0.0466   
x 0.9   

hn 141 m 
Tmin 4.006 second 
Tmax 5.608 second 

 
 

As can be seen in Table 1 above, the vibration period for the first mode in the x-direction, Tx = 3.980 seconds and 
the in the y direction Ty = 3.928 seconds. The Tx and Ty values obtained are actually smaller than the requirements 

Period
sec

Modal 1 3,980 0,726 0,000 0,000 0,726 0,000 0,000 0,000 0,282 0,000 0,000 0,282 0,000
Modal 2 3,928 0,000 0,720 0,000 0,726 0,720 0,000 0,288 0,000 0,000 0,288 0,282 0,000
Modal 3 3,303 0,000 0,000 0,000 0,726 0,720 0,000 0,000 0,000 0,741 0,288 0,282 0,741
Modal 4 1,479 0,131 0,000 0,000 0,857 0,720 0,000 0,000 0,370 0,000 0,288 0,652 0,741
Modal 5 1,458 0,000 0,136 0,000 0,857 0,856 0,000 0,361 0,000 0,000 0,649 0,652 0,741
Modal 6 1,264 0,000 0,000 0,000 0,857 0,856 0,000 0,000 0,000 0,115 0,649 0,652 0,856
Modal 7 0,865 0,044 0,000 0,000 0,901 0,856 0,000 0,000 0,091 0,000 0,649 0,743 0,856
Modal 8 0,848 0,000 0,045 0,000 0,901 0,901 0,000 0,094 0,000 0,000 0,743 0,743 0,856
Modal 9 0,764 0,000 0,000 0,000 0,901 0,901 0,000 0,000 0,000 0,044 0,743 0,743 0,900
Modal 10 0,611 0,024 0,000 0,000 0,925 0,901 0,000 0,000 0,065 0,000 0,743 0,808 0,900
Modal 11 0,599 0,000 0,024 0,000 0,925 0,925 0,000 0,065 0,000 0,000 0,808 0,808 0,900
Modal 12 0,544 0,000 0,000 0,000 0,925 0,925 0,000 0,000 0,000 0,024 0,808 0,808 0,924

Sum RY Sum RZCase Mode UX UY UZ RZ Sum RXSum UX Sum UY Sum UZ RX RY
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listed in SNI-1726- 2019, namely Tmin = 4.006 seconds, so the vibration period used herein is T = Tmin = 4.006 
seconds. 

Tabel 4.  Initial Force Scaling of the Building Structures without base isolation 
 

g 9.807 m/s^2 
Ie 1   
R 8   
SF 1.226 m/s^2 
SF 1225.83 mm/s^2 

 
Tabel 5. Calculation of the Seismic Base Shear Coefficient without base isolation 

 
  X Y 

SDS 0.6300 0.6300 
SD1 0.5100 0.5100 

T 4.006 4.006 
R 8 8 
Ie 1 1 

xCs 0.0788 0.0788 
Cs,min 0.0277 0.0277 
Cs,max 0.0159 0.0159 
Cs,used 0.0277 0.0277 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Proceedings of the International Conference on Industrial Engineering and Operations Management 
Monterrey, Mexico, November 3-5, 2021

© IEOM Society International 3375



Tabel 6. Floor self -weight of the Structure without base isolation 
 

 

UX UY
kg kg

Story40                  971.254                  971.254 
Story39               1.101.741               1.101.741 
Story38               1.101.741               1.101.741 
Story37               1.101.741               1.101.741 
Story36               1.075.791               1.075.791 
Story35               1.087.252               1.087.252 
Story34               1.135.043               1.135.043 
Story33               1.135.043               1.135.043 
Story32               1.135.043               1.135.043 
Story31               1.103.903               1.103.903 
Story30               1.118.392               1.118.392 
Story29               1.174.401               1.174.401 
Story28               1.174.401               1.174.401 
Story27               1.174.401               1.174.401 
Story26               1.138.071               1.138.071 
Story25               1.155.587               1.155.587 
Story24               1.219.813               1.219.813 
Story23               1.219.813               1.219.813 
Story22               1.219.813               1.219.813 
Story21               1.178.293               1.178.293 
Story20               1.198.837               1.198.837 
Story19               1.271.280               1.271.280 
Story18               1.271.280               1.271.280 
Story17               1.271.280               1.271.280 
Story16               1.224.570               1.224.570 
Story15               1.248.142               1.248.142 
Story14               1.328.803               1.328.803 
Story13               1.328.803               1.328.803 
Story12               1.328.803               1.328.803 
Story11               1.276.903               1.276.903 
Story10               1.303.501               1.303.501 
Story9               1.392.380               1.392.380 
Story8               1.392.380               1.392.380 
Story7               1.392.380               1.392.380 
Story6               1.335.290               1.335.290 
Story5               1.364.916               1.364.916 
Story4               1.462.012               1.462.012 
Story3               1.462.012               1.462.012 
Story2               1.462.012               1.462.012 
Story1               1.462.012               1.462.012 
Base                  280.259                  280.259 
Total 49.779.392       49.779.392       

W

Story
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UX UY
kg kg

Story40                  971.254                  971.254 
Story39               1.101.741               1.101.741 
Story38               1.101.741               1.101.741 
Story37               1.101.741               1.101.741 
Story36               1.075.791               1.075.791 
Story35               1.087.252               1.087.252 
Story34               1.135.043               1.135.043 
Story33               1.135.043               1.135.043 
Story32               1.135.043               1.135.043 
Story31               1.103.903               1.103.903 
Story30               1.118.392               1.118.392 
Story29               1.174.401               1.174.401 
Story28               1.174.401               1.174.401 
Story27               1.174.401               1.174.401 
Story26               1.138.071               1.138.071 
Story25               1.155.587               1.155.587 
Story24               1.219.813               1.219.813 
Story23               1.219.813               1.219.813 
Story22               1.219.813               1.219.813 
Story21               1.178.293               1.178.293 
Story20               1.198.837               1.198.837 
Story19               1.271.280               1.271.280 
Story18               1.271.280               1.271.280 
Story17               1.271.280               1.271.280 
Story16               1.224.570               1.224.570 
Story15               1.248.142               1.248.142 
Story14               1.328.803               1.328.803 
Story13               1.328.803               1.328.803 
Story12               1.328.803               1.328.803 
Story11               1.276.903               1.276.903 
Story10               1.303.501               1.303.501 
Story9               1.392.380               1.392.380 
Story8               1.392.380               1.392.380 
Story7               1.392.380               1.392.380 
Story6               1.335.290               1.335.290 
Story5               1.364.916               1.364.916 
Story4               1.462.012               1.462.012 
Story3               1.462.012               1.462.012 
Story2               1.462.012               1.462.012 
Story1               1.462.012               1.462.012 
Base                  280.259                  280.259 
Total 49.779.392       49.779.392       

W

Story
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Table 7.  Initial Base Shear Reaction of the Structure without base isolation 

 
 

Table 8.  New Base Shear Scaling of the Structure without base isolation 
 

  X Y   
W          488,169           488,169  kN 
Cs            0.0277             0.0277    
V       13,532.05        13,532.05  kN 
Vi         5,540.92          5,636.12  kN 

Vi/V                0.41                 0.42    
Check  NOT OK   NOT OK    

Scale Factor                1.23                 1.23    
New Scale Factor                2.99                 2.94  m/s^2 

        2,993.73          2,943.16  mm/s^2 
 

Tabel 9. New Base Shear Scaling of the Strutcure without Base Isolation 
 

 
 

Tabel 10. New Base Shear Scaling Validation of the Structure without base isolation 
 

 
 

 

 

 

 

FX FY
kN kN

Ex Max                  5.541                      0 
Ey Max                          0              5.636 

Vi

Load Case

FX FY
kN kN

Ex Max               13,532                        0 
Ey Max                        0               13,532 

Load Case

New Vi 

X Y
W 488,169        488,169        kN
Cs 0.0277 0.0277
V 13,532          13,532          kN
Vi 13,532          13,532          kN

Vi/V 100% 100%
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Period
sec

Modal 1 7,203 0,976 0,000 0,000 0,976 0,000 0,000 0,000 0,024 0,000 0,000 0,024 0,000
Modal 2 7,177 0,000 0,976 0,000 0,976 0,976 0,000 0,024 0,000 0,000 0,024 0,024 0,000
Modal 3 6,362 0,000 0,000 0,000 0,976 0,976 0,000 0,000 0,000 0,985 0,024 0,024 0,985
Modal 4 2,172 0,022 0,000 0,000 0,998 0,976 0,000 0,000 0,927 0,000 0,024 0,951 0,985
Modal 5 2,172 0,000 0,022 0,000 0,998 0,998 0,000 0,926 0,000 0,000 0,950 0,951 0,985
Modal 6 1,771 0,000 0,000 0,000 0,998 0,998 0,000 0,000 0,000 0,013 0,950 0,951 0,998
Modal 7 1,087 0,002 0,000 0,000 0,999 0,998 0,000 0,000 0,031 0,000 0,950 0,983 0,998
Modal 8 1,069 0,000 0,002 0,000 0,999 0,999 0,000 0,033 0,000 0,000 0,983 0,983 0,998
Modal 9 0,952 0,000 0,000 0,000 0,999 0,999 0,000 0,000 0,000 0,001 0,983 0,983 1,000
Modal 10 0,725 0,000 0,000 0,000 1,000 0,999 0,000 0,000 0,012 0,000 0,983 0,995 1,000
Modal 11 0,710 0,000 0,000 0,000 1,000 1,000 0,000 0,012 0,000 0,000 0,995 0,995 1,000
Modal 12 0,642 0,000 0,000 0,000 1,000 1,000 0,000 0,000 0,000 0,000 0,995 0,995 1,000

Sum RY Sum RZCase Mode UX UY UZ RZ Sum RXSum UX Sum UY Sum UZ RX RY

 

 
 

 

 

 

 

 

 

 

 

 

Figure 4. Percentages of Lateral Drift of the adjacent Floor without Base Isolation 

 
Tabel 11. Vibration Period of Building Structure without base isolation 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Tabel 12.  Calculation of Fundamental Period of Structure with Base Isolation 

 

 

SD1 0,3982 g
Cu 1,4
Ct 0,0466
x 0,9

hn 141 m
Tmin 4,006 detik
Tmax 5,608 detik
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As can be seen in Table 11 above, the vibration period for the first mode in the x-direction, Tx = 7,203 seconds and 
the in the y-direction Ty = 7,177 seconds. The Tx and Ty values obtained are actually greater than the requirements 
listed in SNI-1726- 2019, namely Tmax = 5,608 seconds, so the vibration period used herein is T = Tmax = 5,608 
seconds. 

Tabel 13.  Initial Force Scaling of the Building Structures with base isolation 
 

 
 

Tabel 14. Calculation of the Seismic Base Shear Coefficient with Base Isolation 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

g 9,807 m/s^2
Ie 1
R 8
SF 1,226 m/s^2
SF 1225,83 mm/s^2

X Y
SDS 0.4447 0.4447
SD1 0.3982 0.3982

T 5.608 5.608
R 8 8
Ie 1 1
Cs 0.0556 0.0556

Cs,min 0.0196 0.0196
Cs,max 0.0089 0.0089
Cs,used 0.0196 0.0196
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Table 15. Floor self -weight of the Structure with Base isolation 
 

 

UX UY
kg kg

Story40                  971.254                  971.254 
Story39               1.101.741               1.101.741 
Story38               1.101.741               1.101.741 
Story37               1.101.741               1.101.741 
Story36               1.075.791               1.075.791 
Story35               1.087.252               1.087.252 
Story34               1.135.043               1.135.043 
Story33               1.135.043               1.135.043 
Story32               1.135.043               1.135.043 
Story31               1.103.903               1.103.903 
Story30               1.118.392               1.118.392 
Story29               1.174.401               1.174.401 
Story28               1.174.401               1.174.401 
Story27               1.174.401               1.174.401 
Story26               1.138.071               1.138.071 
Story25               1.155.587               1.155.587 
Story24               1.219.813               1.219.813 
Story23               1.219.813               1.219.813 
Story22               1.219.813               1.219.813 
Story21               1.178.293               1.178.293 
Story20               1.198.837               1.198.837 
Story19               1.271.280               1.271.280 
Story18               1.271.280               1.271.280 
Story17               1.271.280               1.271.280 
Story16               1.224.570               1.224.570 
Story15               1.248.142               1.248.142 
Story14               1.328.803               1.328.803 
Story13               1.328.803               1.328.803 
Story12               1.328.803               1.328.803 
Story11               1.276.903               1.276.903 
Story10               1.303.501               1.303.501 
Story9               1.392.380               1.392.380 
Story8               1.392.380               1.392.380 
Story7               1.392.380               1.392.380 
Story6               1.335.290               1.335.290 
Story5               1.364.916               1.364.916 
Story4               1.462.012               1.462.012 
Story3               1.462.012               1.462.012 
Story2               1.462.012               1.462.012 
Story1               1.462.012               1.462.012 
Base                  280.259                  280.259 
Total 49.779.392       49.779.392       

W

Story
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Tabel 16.  Initial Base Shear Reaction of the Structure with Base Isolation 
  

 
 

Tabel 17.  New Base Shear Scaling of the Structure with Base Isolation  
 

 
 

Table 18. New Base Shear Scaling of the Strutcure with Base Isolation  
 

 
 

Table 19.  New Base Shear Scaling Validation of the Structure without base isolation 
  

 
 

FX FY
kN kN

Ex Max 5.956            0                
Ey Max 0                   5.977         

Vi

Load Case

X Y
W 488,169        488,169        kN
Cs 0.0196 0.0196
V 9,552            9,552            kN
Vi 5,956            5,977            kN

Vi/V 0.6236 0.6258
Cek NOT OK NOT OK

Scale Factor 1.2258 1.2258
1.9659 1.9589 m/s^2
1,965.87       1,958.89       mm/s^2

New Scale Factor

FX FY
kN kN

Ex Max                 9.552                        0 
Ey Max                        0                 9.552 

Vi baru

Load Case

X Y
W 488,169.07   488,169.07   kN
Cs 0.0196 0.0196
V 9,551.91       9,551.91       kN
Vi 9,551.91       9,551.91       kN

Vi/V 100% 100%
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Figure 5. Percentages of Lateral Drift of the adjacent Floor with Base Isolation  
 
The result of the vibration period for the first three mode can be seen in the Table as follows:  

 
Table 20. The vibration period of the Building Structure 

 
Vibration 
Direction Mode 

Fixed Base Base Isolation 
Vibration Period (s) Vibration Period (s) 

Ux 1 3.980 7.203 
Uy 2 3.928 7.177 
Uz 3 3.303 6.362 

 
 
As can be seen in Table 20, the time period of vibration with seismic base isolation is longer than that with fixed base 
(without seismic base isolation). The time delay in the vibration period with seismic base isolation results in lower 
value of spectral acceleration and in further calculation also it results in lower Seismic Base Shear Coefficient 
compared with that of the structure without seismic base isolation. Therefore, the earthquake loads working on the 
structure with seismic base isolation have smaller earthquake loads compared to the structure with fixed base 
(without base acceleration. The typical Spectrum Response of the ground acceleration in SNI 1726-2019 can be seen 
in the following Figure 6. 
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Figure 6. Typical Spectral Response of Earthquake Ground Acceleration 
 
As can be seen in Figure 6, the longer the time of vibration period the smaller the value of Spectral Response. 
Furthermore, as the spectral ground acceleration gets smaller, then further calculation of seismic base shear coefffi 
will result in the lower value. Therefore, the use of seismic base isolation at the base of the building structure could 
lower the lateral earthquake forces exerted on the high-rise building structure. As the lateral forces in the structure 
with seismic base isolation have lower the lateral forces compared to the same structure without seismic base 
isolation, then the lateral floor displacement will also have smaller lateral floors drift. 
 
The result of percentage of relative lateral drift between adjacent floor for the structure with and without seismic base 
isolation for spectrum responses in the x-direction and y-direction can be seen in Figure 7 and Figure 8, respectively. 
 
 

 
 

Figure 7. Comparison of Percentage of Relative Lateral Drift of adjacent floor for the Spectrum Response 
in the x-direction.  
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Figure 8. Comparison of Percentage of Relative Lateral Drift of adjacent floor for the Spectrum Response in 
the y-direction. 

 
As can be seen in the Figure 6 and Figure 7, the percentage of relative lateral drift between adjacent floors for the 
case with the seismic base isolation, it is found that the relative lateral drift is lower than the structure without base 
isolation (i.e. fixed base), except in the base region, a vice versa condition is observed, due to relatively more flexible 
support with base isolation is obtained, compared to the one without base isolation (i.e. fixed base support). 
Furthermore, these showed that the multistory structure with seismic base isolation could have lower base shear, as 
the period of main vibration is longer than the same structure without base isolation, so that the value of spectrum 
response is lower, therefore the value of seismic base shear is smaller than the case without base isolation. The ‘saw-
tooth’ patterns of percentage relative drift, both in Figure 6 and Figure 7 are observed, either for the case with base 
isolation or without base isolation. This saw-tooth pattern is found due to the change of column cross section 
dimension in every five story, as can be seen in Table 1. Also, as can be seen from Figure 6 and Figure 7, the 
percentage of relative lateral drifts of adjacent floors for all cases in the x- and y-direction are less than the 
requirement stated in SNI-1726-2019, i.e. 2%, therefore, the stiffness requirement for all cases have been fulfilled 
and relatively the stiff structure has been obtained. 

 
4. Concluding Remarks 
The conclusions that can be taken from the study carried out herein are as follows: 
(a) The Structural Finite Element model of the 40-storey building structure has been implemented to numerically 

simulate the effect of seismic base isolation to the lateral stiffness of the structure due to earthquake load.  
(b) The results of numerical model of the building structure considered herein show that the use of seismic base 

isolation for the high-rise building has been successfully implemented to isolate the transmission of ground 
accelerations due to earthquake on the building structure. 

(c) The use of seismic base isolation has been able to prolong the vibration period of the building structure with a 
fixed base from 3,98 seconds to 7,203 seconds for the building structure with seismic base isolation. This 
longer time in the vibration period leads to lower spectral of ground acceleration and furthermore lowering the 
seismic base shear exerted on the building structure. Therefore, as the value of earthquake load in each floor 
gets smaller, then the lateral drift (deformation) become smaller as well.     
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