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ABSTRACT 

 

    Site natural frequency is an important parameter which influences the frequency 

content and the shape of response spectrum of ground motion. The precise estimation 

of site natural frequency is still an open issue at present. In this paper,two methods are 

proposed to estimate the site natural frequency, i.e., the muti-points spectrum ratio 

curve based on borehole and ground surface motions, and the H/V spectral ratio 

method based on ground motions. Estimation results of the two methods are compared 
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by adopting them to the strong motions from KiK-net which is a strong-motion 

seismograph network, which consists of pairs of seismographs installed in a borehole 

together with high sensitivity seismographs (Hi-net) as well as on the ground surface. 

Analysis results show that H/V spectral ratio method is feasible to estimate site natural 

frequency especially for case that only strong motions on the ground surface are 

available.The natural frequency of the site is not a fixed value, but a range of variation 

through the analysis of the natural frequency recognized by H/V spectrum ratio method. 

And it is found that the predominant period is a parameter that can better reflect the 

natural frequency of the site. 

1. INTRODUCTION 

    The natural vibration period of the site is an important factor affecting the input of 

seismic wave . The structure damage degree during the earthquake strongly depends 

on the amplification of seismic waves,the seismic waves where the frequency band is 

close to the natural frequency of the site will be amplified. Determining the natural 

frequency of the site is a fundamental factor of seismic design. In the seismic design of 

various countries, the soil equivalent shear wave velocity or the site predominant period 

(four times the travel time of the shear wave velocity from the bedrock to the vertical 

direction of the ground surface), the thickness of the site cover layer and other 

parameters are usually used to divide the site into different categories and give the 

corresponding characteristic period. Combining the characteristic period of the site, 

intensity, earthquake grouping, structural natural vibration period, and damping ratio, 

designers determine the seismic influence coefficient of surface buildings. The 

traditional methods of measuring shear wave velocity include drilling method and 

seismic exploration method, which have a large amount of engineering and cost a lot of 

money, leading to the lack of relevant characteristic parameters. It affects the accuracy 

of seismic design. After the earthquake disaster occurs, the high-quality aftershock 

records obtained by the mobile observation equipment set up by the technicians cannot 

be used in time, and the natural vibration period of the site mainly depends on empirical 

judgment. Therefore, the spectrum ratio method that directly determines the natural 

vibration period of the site through the seismic waves recorded by the strong motion 

recorder has attracted widespread attention in the field of seismic engineering and 

geotechnical fields. 

2. Research methods 

The spectrum ratio method is divided into multi-points spectrum ratio method and 

single-point H/V spectrum ratio method. The multi-points spectrum ratio method uses 

the soil layer as a structure, the strong motion record recorded by the strong motion 

recorder at the borehole as the input, and the ground surface as the output. The multi-

points spectrum ratio method uses the frequency corresponding to the peak of the 
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Fourier spectrum ratio curve or power spectrum ratio curve as the natural frequency of 

the calculated site. Similar to the multi-points spectrum ratio method, single-point H/V 

spectrum ratio method proposed in Nakamura (1989) uses the vertical strong motion 

record on the ground surface as input and the horizontal records as output.  

According to theoretical research in Lijing Shi (2020), the bedrock can be regarded 

as a rigid body. Therefore, after the seismic wave 
BV  recorded by the borehole passes 

through the bedrock, the seismic wave 
SV recorded by surface has no obvious 

amplification effect in each frequency band. The empirical transfer function is 

expressed as Eq. (1). 
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The strong motion records 
BH  in the horizontal directions and in vertical directions 

BV  can be roughly regarded as the same as Eq. (2).  

 
1

V

H

B

B  , SBB VHV   (2) 

 

Therefore, the multi-points spectrum ratio method uses the strong motion records 

SH  on the borehole corresponding to the calculated site as the reference site. The 

empirical transfer function is expressed as Eq. (3). 
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For the soil layer, its vertical stiffness is much greater than the other two directions.  

SV  have no obvious amplification effect in each frequency band, while the 

horizontal direction is loose three-phase soil particles. 
SH  is propagating in the 

horizontal direction. The empirical transfer function is expressed as Eq. (4). 
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This paper chooses the strong motion record of the ABSH02 station in the Great 

east Japan earthquake as an example to illustrate the identification of the natural 

frequency of the calculated site by two spectrum ratio methods. Fig. 1 is the strong 

motion record of the ABSH02 station at the borehole. Fig. 2 is the record of strong 
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earthquakes on the ground surface. Fig. 3 shows the spectrum ratio curves calculated 

by the two spectrum ratio methods. 

   

Fig. a NS strong motion 

component  

Fig. b EW strong motion 

component  

Fig. c UD strong motion 

component  

Fig. 1 Strong motion record of borehole 

   

Fig. a NS strong motion 

component  

Fig. b EW strong motion 

component  

Fig. c UD strong motion 

component  

Fig. 2 Strong motion record of ground surface 
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Fig. a Spectrum ratio curve of multi-

points spectrum ratio method 

Fig. b Spectrum ratio curve of H/V 

spectrum ratio method 

Fig. 3 Comparison of the recognition results 

 

 This paper uses the calculation results of the multi-points spectrum ratio method 

to verify the accuracy of the single-point spectrum ratio method, i.e., select the kik-net 

website paired strong motion records to calculate the multi-points spectrum ratio curve 

and the single-point H/V spectrum ratio curve respectively. The fitting relationship 

between the multi-point spectrum ratio method and the single-point H/V spectrum ratio 

method is compared by linear regression analysis and residual analysis. 

3.Strong motion record 

The strong motion records in this paper comes from the KiK-net website. 14 

stations selected in this paper with more records, a total of about 4000 strong 

earthquake records, the number of each site is shown in Table 1 and the distribution of 

stations is shown in Fig. 4. The average value of the waveform records 15 seconds 

before the strong earthquake record is used for baseline correction, the power 

spectrum of the strong motion acceleration record is calculated, and the spectrum ratio 

method is used to obtain power spectrum spectrum ratio curve. The spectrum ratio 

curve is smoothed by the smooth function, and the frequency corresponding to the 

peak of the spectrum ratio curve is selected as the natural frequency of the calculated 

site. 



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

  

Table 1 the number of each site 

Station ABSH10 ABSH13 AICH12 AKTH07 AKTH09 AKTH10 FKSH06 

Number A B C D E F G 

Station FKSH19 GIFH26 ABSH01 ABSH02 ABSH05 ABSH06 ABSH07 

Number H I J K L M N 

 

  

Fig. 4 Station distribution 

4. Comparison of two spectrum ratio methods 

In this paper, two spectrum ratio methods are used to identify the natural frequency 

with about 4000 strong earthquake records from 14 selected stations. The recognition 

results of the two spectrum ratio methods are shown in Fig. 5. The x-axis is used as the 

recognition results of the multi-points spectrum ratio method, and the y-axis is used as 

the recognition results of the H/V spectrum ratio method. The linear fitting result is 

y=0.9819 x+0.0865, goodness of fit is 0.9818, showing good correlation. The 

identification results show that the H/V spectrum ratio method can accurately identify 

the natural frequency of the calculated site when there are only records on the ground 

surface. At the same time, the strong motion records of the Great east Japan 

earthquake with a magnitude of 9 was used to identify the corresponding natural 
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frequency of the each site. The identification result is shown in Fig. 6. The linear fitting 

result is y=0.9934x+0.1036, the goodness of fit It is 0.9459, showing a good correlation, 

indicating that the H/V spectrum ratio method can identify the site of strong earthquake 

records. 

  

Fig. 5 Multiple stations Fig. 6 Great east Japan earthquake 

Table2 Analysis of site natural frequency identified by H/V spectrum ratio 

Number Station mf  maxf  minf  
Standard 

deviation 

A ABSH10 6.33 7.5 5 0.17 

B ABSH13 2.07 2.5 1.8 0.14 

C AICH12 1.68 2 1.4 0.12 

D AKTH07 1.84 2.2 1.5 0.19 

E AKTH09 3.58 4.1 3 0.28 

F AKTH10 3.62 4.3 3 0.46 

G FKSH06 8.23 8.9 7.3 0.28 

H FKSH19 3.27 3.5 3 0.08 

I GIFH26 2.81 3.4 2.4 0.17 
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J ABSH01 4.68 5.3 3.8 0.59 

K ABSH02 4.67 5.5 3.7 0.59 

L ABSH05 6.99 7.4 6.6 0.18 

M ABSH06 2.92 3.3 2.4 0.15 

N ABSH07 3.46 4.1 3.1 0.15 

According to the analysis of Table 2, the variation range of the natural frequency of 

the site is 20%, and the standard deviation of the site identified by the H/V spectrum 

ratio method is less than 0.25. It can be seen that the natural frequency of the site is 

not a fixed value, but will change within a certain range. 

5. The relationship among H/V spectrum ratio method,predominant frequency 

pf  and 30m shear wave velocity s30V  

This paper uses the H/V spectrum ratio method to identify the natural frequency of 

strong motion records at 14 stations, and obtains the site natural frequency by 

averaging the calculation results of each strong earthquake record. According to the 

station site information published on the KiK-net website, the 30m shear wave velocity 

s30V  is calculated using Eq. (5), the site predominant period Tp  is calculated using Eq. 

(6) , and the reciprocal is used to obtain the site predominant frequency pf . 
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In Eq. (5), s30V  is the shear wave velocity of 30m of the calculated site, ih is the 

thickness of each layered soil, siV is the shear wave velocity of each layered soil, m is 

the number of soil layers, where 1:mi = is in the order of from the surface to the 

underground ， 30h
m
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i =
=
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In Eq. (6),Tp is the predominant period of the calculation site, 
ih is the thickness of 

each layered soil, 
siV is the shear wave velocity of each layered soil, and n is the 

number of soil layers. 

Table 3 Classification of soil and range of shear wave velocity 

Type of soil Description of soil properties 
The range of soil 

shear wave velocity 

Hard soil or 

rock 
Stable rock, dense gravel soil 500Vsi   

Medium hard 

soil 

Medium-density and slightly dense 

gravel soil, compact and medium-

density sand 

250V500 si 
 

Medium soft 

soil 

Slightly dense sand, except loose 

silty fine sand 
140V250 si 

 

Soft soil 
Silt and silty soil, loose sand, newly 

deposited cohesive soil 
siV140 

 

The research object of this article is the soil between the borehole and the ground 

surface.，According to Table 3 ， 500Vsi   is not be considered。 

The average values of the site predominant period Tp , predominant frequency fp , 

30m shear wave velocity s30V , and H/V spectrum ratio method mf  of the 14 stations are 

summarized as shown in Table 4 below. 

Table 4 Frequency calculation results of each site 

Number Station Tp (s) fp (Hz) 30sV (m/s) mf (Hz) 

A ABSH10 0.13 7.5 609.76 6.32 

B ABSH13 0.42 2.372 463.61 2.07 

C AICH12 0.78 1.28 163.26 1.68 

D AKTH07 0.45 2.24 349.65 1.84 

E AKTH09 0.38 2.66 319.49 3.58 

F AKTH10 0.26 3.84 333.70 3.62 

G FKSH06 0.12 8.59 837.99 8.23 
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H FKSH19 0.31 3.19 338.22 3.27 

I GIFH26 0.35 2.83 424.93 2.81 

J ABSH01 0.24 4.19 502.27 4.68 

K ABSH02 0.21 4.85 501.27 4.67 

L ABSH05 0.15 6.83 733.36 6.99 

M ABSH06 0.37 2.69 298.32 2.92 

N ABSH07 0.28 3.57 363.64 3.46 

In this paper, the excellent frequencies fp  and 30m shear wave speeds s30V  of 

the 15 selected sites are fitted. As shown in Fig. 7, there is a deviation between the 

results. Therefore, a more reliable and effective site identification method is required. 

 

Fig. 7 Comparison of s30V  and fp  

The fitting of the fp and the fm is shown in the Fig. 8 and the fitting of the s30V and 

the fm is shown in the Fig. 9. 



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

  

  

Fig. 8 Comparison of s30V  and mf  Fig. 9 Comparison of fp  and mf  

Through comparison, it is found that fp  is a more reliable indicator to measure 

site natural frequency in John (2014).It also provides a method for predicting the site 

Tp  without knowing the shear wave velocity. 

 

6. Conclusion 

Based on nearly 4000 seismic wave records from 14 strong motion stations on the 

KiK-net website, this paper uses two spectrum ratio methods to identify the natural 

frequency of the site, and compares the two results. Get the following conclusions: 

Using the single-point H/V spectrum ratio method to identify the natural frequency 

of the site is in good agreement with the multi-points spectrum ratio method, and there 

is no need to install a strong motion recorder on the bedrock, which saves a lot of 

manpower, material and financial resources. After an earthquake disaster occurs, 

technicians can use the aftershock records measured on-site and use the single-point 

H/V spectrum ratio method to quickly and accurately determine the natural frequency of 

the area, providing reference data for post-earthquake rescue and reconstruction. 

The natural frequency of the site is not a fixed value, but a range of variation. 

Therefore, when determining the seismic magnification factor, the designer should take 

into account the fixed value given by the code and pay attention to the influence of the 

change range of the natural frequency on the structure. 
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In this paper, it is found that the predominant frequency fp  is a parameter that 

can better reflect the natural frequency of the site by comparing the fitting degree of the 

fp  and s30V  with mf ,and has a clearer physical meaning. Therefore, fp  is a suitable 

site parameter for the ground motion prediction equation. 

REFERENCES 

 Nakamura, Y. (1989), "A method for dynamic characteristics estimation of subsurface 
using microtremor on the ground surface." Quarterly Report of RTRI, 30(1). 

Nakamura, Y and Gurler, D.E.  (2001), "Estimation of dynamic characteristics of 
ground and structures with microtremor measurements- a supportive tool for strong 
ground motion instrumentation." Springer Netherlands. 

Lijing, Shi and Shengyang, Chen. (2020), "Research on the applicability of site 
characteristic parameter measurement method based on the single point spectral 
ratio of earth pulsation." Journal of Vibration and shock, v.39; No.367(11), 143-150. 

Yushi, Liu and Lijing, Shi. (2018), "Rapid Determination of Site Characteristic 
Parameters Based on the Method of Earth Pulsation Spectrum Ratio." Journal of 
Vibration and shock(13), 235-242. 

John, X and Huaxu, Zhao and Guodong, Yang. (2014), "Comparison of site effect 
parameter vs30 and site period in response spectrum ground motion prediction 
equation." Journal of World Earthquake Translation Collection(3), 41-62. 

Choi, C.K. and Kim, S.H. (1989), "Coupled use of reduced integration and 

nonconforming modes in improving quadratic plate element." Int. J. Num. Meth. Eng., 

Vol. 28(4), 1909-1928. 

 

 

 

 

 

 


