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ABSTRACT 
 

The site classification of the KiK-net network is done using the ASCE7-10 code. 
Five stations of type B, C, and D are chosen. The site-natural-frequency (SNF) of the 15 
sites in the last 25 years was calculated by using the frequency domain decomposition 
(FDD) method. The following conclusions can be drawn from the calculation results and 
regression analysis: When the PGA is small, the SNF remains almost unchanged, and 
there is no strong correlation with the magnitude, epicenter distance, temperature and 
humidity; In the case of large PGA, the SNF will decrease obviously due to the 
elastoplastic state of soil layer; After the natural frequency decreases, it will gradually 
increase with the soil layer density again, and return to the original value. 

 
1. INTRODUCTION 
    

The influence of site response on ground motion is one of the important topics in 
earthquake engineering. The earthquake damage analysis of some destructive 
earthquakes shows that the site response can greatly aggravate the ground motion and 
damage of building structures. It is one of the factors that leads to the severity and form 
of earthquake damage of different buildings in the same earthquake are different. The 
influence of site conditions on earthquake damage can be seen in the search of Wood 
(1908) on the distribution data of earthquake damage of the 1906 San Francisco 
earthquake. In this earthquake, an obvious high earthquake damage phenomenon 
appeared on the soft foundation in San Francisco. Seismologists and seismic experts 
began to realize that site conditions have a significant influence on earthquake damage 
and ground motion characteristics. Liu’s (1982) damage analysis about the Tangshan 
earthquake, Anderson’s (1986) damage analysis about the Mexico earthquake, Qi’s 

 
1) ,3),4) Graduate Student 
2) Associate Professor 



The 2021 World Congress on 
Advances in Structural Engineering and Mechanics (ASEM21)
GECE, Seoul, Korea, August 23-26, 2021

(2010) damage analysis about the Wenchuan earthquake and Tsai (2017) damage 
analysis about the Tohoku earthquake all show that the site response can aggravate the 
ground motion and magnify the damage to the building. The influence of site conditions 
plays an important role in the seismic design and seismic safety evaluation of 
construction projects. Different site conditions can cause different characteristics of 
ground motion. If the natural frequency of the structure is close to the amplification period 
of the site ground motion, the structure may cause more severe damage. It is of great 
theoretical significance and practical engineering value to study the dynamic 
characteristics of the site for the site selection and seismic fortification of buildings. 
According to the American asce7-10 code, this paper classifies 661 stations of Japan's 
KiK-net strong motion observation network, and selects 15 stations that conform to the 
selection principle, and extracts the strong motion observation data of the last 25 years. 
Based on the frequency domain identification (FDD) method, the natural frequencies of 
these 15 stations are calculated. Through regression analysis, the natural frequencies, 
time and magnitude of the sites are studied, In addition, the phenomenon that the natural 
frequency of 15 stations decreased significantly during the March 11, 2011 Tohoku 
earthquake is being studied. 

 
2. FREQUENCY DOMAIN INDENTIFICATION (FDD) 
 
     KiK-net is a strong motion network constructed and managed by the Japan Institute 
of disaster prevention science and technology. Based on 696 stations of Japan's high 
sensitivity seismic network, KiK-net is composed of two groups of strong motion 
instruments installed at the bottom of the borehole and corresponding surface. Only the 
strong earthquake records on the surface are taken as the output, and FDD is used to 
identify the modal parameters;  

The relationship between output response ( )y t and unknown input can be 

expressed as: 

( ) ( ) ( ) ( )T

yy xxjw jw jw jw=G H G H  (1) 

( )xx jG is the input power spectral density matrix, ( )yy jwG is the output power 

spectral density matrix, ( )jwH is the frequency response function (FRF), the superscript 

horizontal line and the superscript t represent the complex conjugate and transpose, 
respectively; 

     The FRF can be expressed as: 
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n is the number of degrees of freedom and modes, kR is the k-th residue matrix,
T

k k=R   , k is the k-th pole, k is the k-th mode shape vector, k is the k-th mode 

participation vector. If the input is white noise, ( )xx jG is simplified as a constant matrix

C . According to Heaviside's partial fraction theorem, Eq. (1) is simplified as follows: 
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 kA is the k-th order residue matrix of the output PSD matrix, which can be 

expressed as: 
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In the case of low damping, kA can be simplified to: 

T

k k k kd=A    (5) 

kd is a real number. 
T

k k kd  = C . At a certain frequency, when only a few modes 

contribute significantly, the set of these modes can be defined as ( )Sub  , and the 

response PSD matrix can be written as: 

( )
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Perform singular value decomposition on ( )T

yy jG  at its discrete frequency points

= i  : 

( )=
T

iyy i ijG U S U  (7) 

iU is the singular value vector matrix, iS is the diagonal matrix composed of 

singular values, In the output PSD diagram, if only the k-th mode near the peak of the 
spectrum plays a leading role, then Eq. (6) can be approximated as: 

( ) (2Re( ))
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Comparing Eq. (6) and Eq. (8), the first singular value vector kU is the k-th mode 

shape, and the corresponding singular value has a single degree of freedom 
characteristic. By comparing the modal assurance criterion of the mode shape near the 
peak value of the singular value curve, the range of the single degree of freedom 
characteristic curve is determined, and then the natural frequency is determined. 

 

3. ANALYSIS OF DYNAMIC CHARACTERISTICS OF STATION SITES 

 

3.1 STATION SELECTION 

Among the 696 stations in Japan's KiK-net strong motion recording network, 661 

stations have detailed shear wave velocity data. KiK-net stations are basically covered 

in Japan, covering coastal soft soil to bedrock sites; Three stations are selected based 

on the following two principles: 1) the number of strong earthquake records is abundant 
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and the time span is large; 2) The stations should be scattered as far as possible; The 

stations: FKSH07, GNMH14, IWTH14, MYGH04, TCGH14, AKTH01, HDKH06, IWTH01, 

KSRH06, SITH05, AOMH16, CHBH16, CHBH10, IBUH06, TKCH05 are selected. Due 

to the limited space, this paper only shows GNMH14, IWTH01, CHBH10 stations. The 

geographical location of stations is shown in Fig. 1, and the station information is shown 

in Table.1, The date, magnitude, epicentral distance and acceleration time history data 

are extracted from the calculation, and the temperature and humidity data of the day 

corresponding to the date are obtained from the Japan Meteorological Agency. 

 

 

 

Fig.1 Station location map 

 

Table.1 Location，velocities and site class of fifteen stations 

Station 
Location Velocities(m/s) 

Site Class 
Latitude Longitude Altitude(m) Depth（m） Vs30 

GNMH14 36.4931 139.3219 360 200 983 B 

IWTH01 40.2383  141.3423  230 200 438 C 

CHBH10 35.5458  140.2417   65 2000 329 D 

 

3.2 RECOGNITION RESULTS AND ANALYSIS  

Fig.2-4 show the square probability distribution of SNF of GNMH14, IWTH01 and 

CHBH10 stations in 856, 1346, 2932 ground motions calculated by FDD.  
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Fig.2 GNMH14 SNF square frequency 

distribution 

 

 

Fig.3 IWTH01 SNF square frequency 

distribution 

 

 

Fig.4 CHBH10 SNF square frequency distribution 

 
It can be seen from Fig.2-4 that the values of the SNF of GNMH14, IWTH01 and 

CHBH10 stations are basically stable in 856,1346,1206 ground motions respectively. 

About 90% of the SNF of GNMH14 station are stable in 9.0 ~ 10.0 Hz, with coefficient of 

variation of 3.2%, and about 80% of the SNF of IWTH01 station are stable in 4.0 ~ 5.0Hz, 

with coefficient of variation of 6.8%, About 75% of the SNF of CHBH10 stations are stable 

between 3.75~4.75Hz, and the coefficient of variation is 7.8%; 

The SNF of stations GNMH14, IWTH01 and CHBH10 vary with magnitude, 

epicentral distance, temperature and humidity as shown in Fig.5; The linear fitting 

relationship is shown in Table.2; According to the fitting relationship, there is no strong 

correlation between the site natural frequency and the epicentral distance, temperature 

and humidity, but there is a moderate correlation between the SNF and the magnitude; 

According to factor analysis, the joint contribution rate of magnitude and epicentral 
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distance is 35%, and temperature and humidity have no contribution to the natural 

frequency of the site; 

 

   

   

   

   

Fig.5 SNF of GNMH14, IWTH01, CHBH10 station varies with magnitude, epicentral 

distance, temperature and humidity 
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Table.2 Linear fitting relation and correlation coefficient 

Factors 
Station 

GNMH14 R IWTH01 R CHBH10 R 

Magnitude y = - 0.1011x + 10.1 -0.30 y = - 0.1117x +5.0 -0.31 y = - 0.1632x + 5.0 -0.45 

Epicentral Distance y = - 0.0003x + 9.7 -0.08 y = - 0.0003x + 4.5 -0.16 y = - 0.0006x + 4.3 -0.22 

Temperature y = 0.0092x + 9.5 0.26 y = - 0.0002x + 4.4 -0.01 y = 0.0024x + 4.2 0.05 

Humidity y = 0.0030x + 9.5 0.16 y = 0.0001x + 4.4 0.01 y = 0.0013x + 4.2 0.06 

 
The Tohoku earthquake record on March 11, 2011 is a relatively complete ground 

motion acceleration record that has been rarely obtained so far, as well as complete 

station information. Fig.6-8 show the SNF of the sites of stations GNMH14, IWTH01, and 

CHBH10 over time. It is obvious that the SNF of the three stations in the Tohoku 

earthquake show a downward trend. After the SNF drops, it will gradually increase as 

the soil layer of the site is compacted again, and return to the original value. 

 

 

Fig.6 Time-varying SNF of GNMH14 station 

 

Fig.7 Time-varying SNF of IWTH01 station 
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Fig.8 Time-varying SNF of CHBH10 station  

 

This paper selects three earthquakes on July 24, 2008, March 11, 2011, and May 

13, 2015, and the ground motion acceleration records obtained at stations GNMH14, 

IWTH01, and CHBH10. Process the acceleration records obtained in these three 

earthquakes, and use the time-varying ARMA model to calculate the corresponding 

instantaneous frequencies of the ground motion records, as shown in Fig.9-11 below. 

The instantaneous frequency of three stations in the Tohoku earthquake dropped 

significantly. The instantaneous frequency of the sites of GNMH14 and IWTH01 has not 

decreased all the time, and eventually stabilized, while the instantaneous frequency of 

the sites of CHBH10 has been decreasing, and the site may have been liquefied. During 

the earthquakes of July 24, 2008 and May 13, 2015, the site of GNMH14 station obtained 

a small PGA of surface EW acceleration records, and the instantaneous frequency of the 

site remained basically unchanged. In the earthquakes of July 24, 2008 and May 13, 

2015 at iwth01 station, the PGA of surface EW acceleration recorded at the site is larger, 

and the instantaneous frequency of the site decreases significantly. In the earthquake of 

July 24, 2008, the PGA of surface EW acceleration recorded at chbh10 station is large, 

and the instantaneous frequency of the site decreases obviously. In the earthquake of 

May 13, 2015, the PGA of surface EW acceleration recorded at chbh10 station is small, 

and the instantaneous frequency of the site basically remains unchanged.  
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Fig.9 Surface EW acceleration time history curve and site instantaneous frequency of 

GNMH14 station in three earthquakes 

   

Fig.10 Surface EW acceleration time history curve and site instantaneous frequency 

of IWTH01 station in three earthquakes 
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Fig.11 Surface EW acceleration time history curve and site instantaneous frequency 

of CHBH10 station in three earthquakes 

 

4. CONCLUSION 

 

In this paper, the site classification of KiK-net stations is carried out according to the 

ASCE7-10 code. Three representative stations, GNMH14, IWTH01 and CHBH10 are 

selected. The SNF of three stations is calculated based on the FDD. The correlation 

between the natural frequencies and magnitude, epicentral distance, temperature and 

humidity is studied by regression analysis, The phenomenon that the SNF of three 

stations decreased significantly in the Tohoku earthquake on March 11, 2011 is studied. 

The conclusions are as follows 

1) In the case of small PGA, the SNF of the site is basically unchanged. According 

to the fitting relationship, there is no strong correlation between SNF and the epicentral 

distance, temperature and humidity. The SNF has a moderate correlation with the 

magnitude, and the SNF shows a downward trend to the rise of the magnitude; According 

to factor analysis, the joint contribution rate of magnitude and epicentral distance is 35%, 

and temperature and humidity have no contribution to the SNF; 
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2) In the case of large PGA, the SNF will decrease obviously due to the elastoplastic 

state of the soil layer, such as the fluidity caused by dilatancy and the liquefaction of the 

site; After the natural frequency drops, it will gradually increase as the soil layer of the 

site is compacted again, and return to the original value. 
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