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1. Introduction 
In recent years, seismic isolation systems have found extensive 
application in high-rise buildings. Concurrently, there is a 
growing interest in analyzing structural response and 
parameters through structural health monitoring systems. Lee 
and James[1] investigated the damping effect of isolation system 
by using linear spring and viscous damper to model the response 
of superstructure. Yanagiya et al.[2] analyzed the response of 
non-structural members in high-rise base-isolated building by 
observed response data. However, research on estimating mode 
parameters through observed data is relatively limited. 
  In this paper, the recorded acceleration responses in one 
specific direction from three earthquakes that occurred in 2023 
are utilized to estimate the natural frequency of a high-rise base-
isolated building. 
 
2. Monitoring system in a high-rise base-isolated building 
This paper focuses on the J2-3 building[3] situated at the 
Suzukakedai campus, Tokyo Institute of Technology. Fig.1 
shows a photo of J2-3 building, while Fig.2 and Fig.3 present 
the elevation and plan view of the J2-3 building, respectively. 
The J2-3 building is a 20-story high-rise structure with a height 
of 91.4m, comprising two interconnected buildings J2 and J3. 
The building is equipped with base isolation technology, with 
the isolation layer (MF) positioned between the 1st and 2nd 
stories. As shown in Fig.4, twenty-eight natural rubber bearings 
are installed, twenty of which are additionally equipped with U-
shaped steel dampers. Furthermore, two U-shaped steel 
dampers and two velocity-dependent oil dampers are integrated 
into this layer. The 1st story of the J2-3 building is constructed 
with reinforced concrete and is Primarily embedded in the 
subsurface, assumed to exhibit rigid body characteristics. In 
contrast, the stories above the isolation layer are constructed 
with a steel framework.

  Fig.5 illustrates the locations of accelerators within the J2-3 
building. The arrows in the figure indicate the respective 
directions in which acceleration data are recorded. For instance, 
the accelerator denoted by a red dot on the 1st story floor of the 
J2 side building captures accelerations in the X, Y, and Z 
directions through channel numbers F000, F001, and F002, 
respectively. In this study, the acceleration records in X 
direction would be utilized for analysis. 
 

 
Fig.1 Photo of J2-3 building 

 
Fig.2 Elevation view of     Fig.3 Plan view of J2-3 building 
     J2-3 building 
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Fig.4 Layout of isolation layer 

 

 
Fig.5 Locations of accelerators in J2-3 building 

 
3. Observed earthquake data 
To assess the behavior of the isolation layer during 
earthquakes, acceleration records obtained from accelerators 
on the 1st, 2nd, 20th floors of J2 side, and the 20th floor of J3 
side building in X direction are analyzed. The specific channel 
numbers for these records are F000, F050, F080, and 17-X. 
As the heights of the 20th floors in both J2 and J3 side 
buildings are identical, and the connection between them is 
presumed to be rigid, the J2-3 building is treated as a unified 
entity during earthquakes. In this context, the acceleration of 
the 1st floor is considered as the ground acceleration, the 2nd 
floor represents the level immediately above the isolation 
layer, and the 20th floor is the top floor of J2-3 building.  
  Table.1 presents the maximum absolute acceleration values 
recorded on the 1st, 2nd, and 20th floors of J2, and the 20th 
floor of J3 side building during three observed earthquakes in 
2023. Notably, the maximum absolute acceleration values of 
the 20th floor in J2 and J3 side building are similar, and the 
values also exhibit a decreasing trend from the 1st to the 20th 
floor in each earthquake. This trend underscores the 
significant influence of the isolation layer in reducing the 
building's response to ground motion. Moreover, Fig.6 
illustrates the acceleration time history of ground motion in X 

direction for the three earthquakes mentioned above. 
 

Table.1 The maximum absolute acceleration 

Occurred time of 
earthquake 

Location 
Acceleration [cm/s2] 

(Channel no.) 

J2 J3 

May 11, 2023 
04:16 

20F 
3.73 

(F080) 
3.48 

(17-X) 

2F 
4.38 

(F050) 
- 

1F 
5.18 

(F000) 
- 

September 5, 2023 
13:27 

20F 
2.55 

(F080) 
1.71 

(17-X) 

2F 
2.60 

(F050) 
- 

1F 
3.42 

(F000) 
- 

May 10, 2023 
11:21 

20F 
1.35 

(F080) 
1.07 

(17-X) 

2F 
1.66 

(F050) 
- 

1F 
1.94 

(F000) 
- 

 

 
(a) May 11, 2023 04:16 

 
(b) September 5, 2023 13:27 

 
(c) May 10, 2023 11:21 

Fig.6 Time history of ground acceleration in X direction 
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4. Data processing procedure 
4.1. Analysis of transfer function 
The transfer function serves as a representation of the 
relationship between the input and output of a system. In the 
realm of structural engineering, the transfer function indicates 
how a structure responds to various frequencies. Once the 
acceleration time history is obtained, the Fourier spectrum for 
each story can be calculated. Subsequently, the transfer 
function can be derived from the Fourier spectrum using the 
following equations. 
 

                 |𝐻𝐻𝐸𝐸(𝑓𝑓)|= |𝐹𝐹20[𝑓𝑓]𝐹𝐹1[𝑓𝑓]
|                (1)        

                 |𝐻𝐻𝑆𝑆(𝑓𝑓)|= |𝐹𝐹20[𝑓𝑓]𝐹𝐹2[𝑓𝑓]
|                (2) 

 
In equation (1), |HE(f)| is transfer function of the entire 
building, f is the frequency range, F20[f] is the Fourier 
spectrum of the 20th floor within range f, and F1[f] is the 
Fourier spectrum of the ground within range f. In the other 
case, the Fourier spectrum of the 2nd, F2[f] is used as 
denominator in equation (2), and the transfer function of 
superstructure |HS(f)| would be obtained. These calculation 
principles are shown in Fig.7. 
 

 
Fig.7 The calculation principle of transfer function 

 
  Fig.8 depicts the transfer functions of the entire building 
and the superstructure of both J2 and J3 side buildings in 
response to three distinct earthquakes in X direction. (a)~(c) 
correspond to three earthquakes, while (1)~(2) represent the 
cases of the entire building and superstructure, respectively. 
In each figure, the transfer function curves for the J2 and J3 
side buildings exhibit remarkable similarity, with the same 
trends and peaks. Therefore, when subjected to an earthquake 
data input, the top floors of both J2 and J3 side buildings show 
identical responses and natural frequencies, which proves the 

rigid connection between J2 and J3 side buildings. 

 

 
     (1) Entire building         (2) Superstructure 

(a) May 11, 2023 04:16 

 
     (1) Entire building         (2) Superstructure 

(b) September 5, 2023 13:27 

 
     (1) Entire building         (2) Superstructure 

(c) May 10, 2023 11:21 
Fig.8 Transfer function of J2 and J3 side buildings 

 
4.2. Analysis of natural frequency 
Drawing upon the findings detailed in Chapter 4.1, J2 and J3 
side buildings are assumed as an entirety, therefore the 
average values of these two side buildings would be used as 
that of J2-3 building in the following paragraphs. Moreover, 
the natural frequencies corresponding to the first three modes 
of the J2-3 building under every condition are deduced. The 
abscissa values of the common first three peaks evident in the 
curves of each figure in Fig.8 represent the natural 
frequencies of the first three modes. Concurrently, the 
associated ordinate values signify the Fourier amplitudes at 
those frequencies. 
  Fig.9 shows the relationship between the natural 
frequencies of the 1st mode, f1 (in both cases of the entire 
building and superstructure), and the maximum absolute 
ground acceleration, Ag, recorded from three earthquakes. As 
Ag grows larger, the difference between two curves also 
increases  Additionally, Table.2 shows an overview of natural 
frequencies of the first three modes characterizing the J2-3 
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building throughout three earthquakes. Herein, fE is the 
natural frequency of the entire building, while fS denotes that 
of the superstructure. 
 

 
Fig.9 Relationship between the 1st mode’s natural frequency 

and the maximum ground acceleration of J2-3 building 
 

Table.2 Summary of the natural frequencies of J2-3 building 
 1st mode 2nd mode 3rd mode 

May 11, 2023 04:16 

fE [Hz] 0.4603 1.3794 2.4597 

fS [Hz] 0.5985 2.0111 3.3106 

(fE / fS) 0.769 0.686 0.743 

September 5, 2023 13:27 

fE [Hz] 0.5332 1.5695 3.7285 

fS [Hz] 0.6587 1.9957 3.8229 

(fE / fS) 0.809 0.786 0.975 

May 10, 2023 11:21 

fE [Hz] 0.5857 1.8674 3.2055 

fS [Hz] 0.6112 1.9706 3.6274 

(fE / fS) 0.958 0.948 0.884 

 
  In the context of the same mode in certain earthquakes, it 
is consistently observed that fE surpasses fS, which is 
indicative of the isolation layer's pronounced influence in 
elevating the natural frequency. Additionally, to compare the 
cross-examining outcomes across distinct earthquakes, 
combining with the findings from Fig.9, a discernible trend 
emerges: the stronger the earthquake, the higher the 
percentage increase in natural frequency attributed to the 
isolation layer. Notably, the maximum percentage increase in 
natural frequency in this study is the 2nd mode frequency  

during the earthquake on May 11, 2023, which reaches 
approximately 46%. 
 
5. Conclusion 
This paper investigates the seismic performance of the 
isolation layer in a high-rise base-isolated building, focusing 
on the J2-3 building at the Suzukakedai campus, Tokyo 
Institute of Technology, through the utilization of structural 
health monitoring systems and recorded acceleration 
responses in X direction from three earthquakes in 2023, the 
natural frequency behavior and effectiveness of the isolation 
layer were thoroughly examined. The analysis results are 
presented as following: 

1) The analysis of transfer functions and natural 
frequencies demonstrates the rigid connection between 
J2 and J3 side buildings.  

2) The results reveal a consistent pattern wherein the 
natural frequency of the entire building consistently 
exceeds that of the superstructure, indicating a 
significant effect of the isolation layer in enhancing the 
natural frequency.  

3) The percentage increase in natural frequency due to 
the isolation layer is found to be influenced by the 
seismic intensity, with a notable maximum increase of 
around 46%. 

  In conclusion, the findings affirm the behavior of the 
isolation layer in enhancing the seismic performance of the 
high-rise base-isolated building, providing valuable insights 
for future structural design and earthquake-resistant strategies 
in high-rise structures. Further study would be conducted on 
system identification to analyze other parameters of high-rise 
base-isolated building.  
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