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ABSTRACT 

It is well-known that the microtremor measurement method has been widely applied 
to the evaluation of site effect above the engineering base rock. The predominant pe-
riod of the spectral ratio of horizontal and vertical microtremors on the ground surface 
corresponds to the natural period of ground surface. In this paper, a proposed estima-
tion method is applied to the east district in Maizuru city, and S-wave amplification 
spectrum at a location with unknown ground information is estimated by using the mi-
crotremor measurements. Microtremor H/V and its predominant period at each location 
are evaluated. S-wave amplification spectrum at a location without any ground informa-
tion can be easily evaluated from the microtremor H/V on the ground surface. 

1. INTRODUCTION 

    The evaluation of a site amplification effect of soil layer stratum above the engineer-
ing base rock is very important in the earthquake engineering when an earthquake 
damage distribution will be predicted by an accurate estimation of seismic intensity. In 
general, site amplification effects have been analytically evaluated by the multiple ref-
lection theory using a ground surface layer model with soil characteristics at each spot. 
However, it is so difficult to uniformly evaluate site amplification effects for a wider area, 
because there are not many available information data and also this evaluation proce-
dure needs a great amount of work. Therefore, these site amplification effects can be 
evaluated from a relationship between the geological features/topography obtained 
from much simpler information and ground amplification characteristics.

An estimation method of not only the average ground S-wave velocity from geophys-
ical classification including the digital national land information but also the site amplifi-
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cation effects using a peak velocity was proposed by Midorikawa et al. (1995). In recent 
years, a microtremor measurement has been easily employed in order to evaluate a 
predominant period at each spot. Nakamura (1988) reported that a spectral ratio of ho-
rizontal and vertical microtremors (hereinafter referred to as “microtremor H/V spectral 
ratio”) may be artificially assumed to be a spectral amplification rate of ground surface. 

It is very important in an earthquake disaster prevention to evaluate S-wave amplifi-
cation spectrum. The evaluation of S-wave amplification spectrum needs the ground 
information on such as PS logging and boring data. However, the spots with ground in-
formation are limited. On the other hand, it is well known that the microtremor mea-
surement method has been widely applied to the evaluation of a site amplification effect 
of soil layer stratum above the engineering base rock with S-wave velocity of 300m/s. A 
predominant period in the microtremor H/V spectral ratio of ground surface corresponds 
to a natural period of ground surface. An estimation method of S-wave amplification 
spectrum using the microtremor H/V spectral ratio at ground surface has already pro-
posed by Senna et al.(2008).

In this paper, this proposed method is applied to the east district in Maizuru city, and 
S-wave amplification spectrum at the spot without any ground information is estimated 
from the microtremor measurement results. Both horizontal and vertical microtremors at 
61 spots in the east district in Maizuru city were measured by servo type accelerome-
ters, and the microtremor H/V spectral ratio and its predominant period at each spot 
were analytically evaluated from microtremor accelerations.

2  OUTLINE OF MICROTREMOR MEASUREMENT 

2.1    Microtremor Measurement System 
Photo 1 shows a microtremor measurement system, which consists of two servo-

type accelerometers, a preamplifier, a data logger, a note-type PC, and a rechargeable 
portable battery. Sampling frequency in microtremor measurement is 160Hz, and the 
measurement time is 51.2s per one set (8,192 data number).

Photo 1. Microtremor measurement system 
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2.2    Microtremor H/V Spectral Ratio 
In this paper, Fourier spectrum of microtremor acceleration is numerically evaluated 

from the microtremor acceleration data of 10s section selected from microtremor mea-
surement data. Microtremor H/V spectral ratio can be obtained from both horizontal and 
vertical components of Fourier spectrum of microtremor acceleration, and then Fourier 
spectrum of microtremor is smoothed by Parzen window with 0.4Hz band width. 
Fig.1 shows Fourier spectra of both horizontal and vertical components of the meas-
ured microtremors in the east district in Maizuru city. Microtremor H/V spectral ratio, 
which is defined by a ratio of horizontal component to vertical one of Fourier spectra of 
measured microtremor, is indicated in Fig.2. S-wave amplification spectrum shown in 

Fig.1 Fourier spectra of microtremor accelerations 

Fig.2 Microtremor H/V spectral ratio and S-wave amplification spectrum 

0.001

0.01

0.1

1

0.1 1 10

Fo
ur
ie
rS
pe
ct
ru
m
(c
m
/s
)

Period (s)

Horizontal Component
Vertical Component

0.1

1

10

0.1

1

10

0.1 1 10

A
m
pl
ifi
ca
tio
n
R
at
io

M
ic
ro
tre
m
or
H
/V
R
at
io

Period (s)

Microtremor H/V
S-wave Amplification Spectrum



Fig.2 can be analytically calculated by the multiple reflection theory by using a ground 
surface layer model based on the boring data. It is observed from this figure that a peak 
period in microtremor H/V spectral ratio almost accords with a peak period in S-wave 
amplification spectrum. Consequently, this implies that the predominant period at the 
spot without any boring data or ground information can be easily and accurately evalu-
ated from the microtremor H/V spectral ratio. 

3 ESTIMATION METHOD OF S-WAVE AMPLIFICATION SPECTRUM 
Senna et al. (2008) investigated a relationship between the amplification spectrum 

and the microtremor H/V spectral ratio based on the ground characteristics at K-NET 
and KiK-net acceleration observation spots in Japan, and also proposed a simple esti-
mation method to be obtained an amplification spectrum from the microtremor H/V
spectral ratio. S-wave amplification spectrum is obtained by this estimation method in 
this paper. This estimation method is briefly described below. 
    Fig.3 shows average values of the microtremor H/V spectral ratio to the spectral am-
plification compensated by a correction rate k in each microtopography classification 
group on 0/T T  axis, which is normalized T  by a peak period 0T  in the microtremor H/V 
spectral ratio.

Fig.3 Average values of the microtremor H/V spectral ratio to spectral amplification 
compensated by a correction rate k  in each group (Senna et al. 2008) 

Based on the change due to a peak value of the microtremor H/V spectral ratio in 
each microtopography classification group, Senna et al. (2008) proposed a correction 
rate to obtain an amplification spectrum from the microtremor H/V spectral ratio, and 
modeled average curves indicated in Fig.3 by the cosine-type function. 

S-wave amplification spectrum based on the engineering base rock with S-wave ve-
locity of 300m/s can be evaluated from the microtremor H/V spectral ratio by means of 
making correction in some coefficients concerned with the microtopography classifica-



tion and the shape of microtremor H/V spectrum ratio at each spot. S-wave amplifica-
tion spectrum ( )G T  can be given by the following equation. 
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G T
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                                        (1) 

where, k  is a correction rate on the microtopography classification k  at spot j ,
( )jHV T  is a microtremor H/V spectrum ratio at the microtopography classification k  at 

spot j , and ' ( )m T  is a correction rate transformed a correction rate 0' ( / )m T T  from a 
peak period 0T to T . 0' ( / )m T T  is a correction rate in the microtopography classification 
m  at spot j . Microtremor H/V spectral ratio is classified into three groups of Group A 
(mountain and hilly district), Group B (tableland) and Group C (low-lying area). 

0' ( / )m T T  can be obtained from the following equations using both the cosine-type  

Table 1 Coefficients a h  in Eq.(2) (Senna et al. 2008) 
(0.0 0/T T   0.4) 

Spectral
Ratio H/V at 

a peak 

Group A Group B Group C 
coefficient 

a
coefficient 

b
coefficient 

a
coefficient 

b
coefficient 

a
coefficient 

b
5~ 0.90 0.08 0.80 0.20 0.73 0.27 

3~5 0.95 0.05 0.88 0.12 0.76 0.25 
2~3 0.94 0.06 0.78 0.22 
1~2 1.00 0.00 0.94 0.06 0.88 0.12 

(0.4 0/T T   1.0) 

Spectral
Ratio H/V at 

a peak 

Group A Group B Group C 
coefficient  

c
coefficient 

d
coefficient 

c
coefficient 

d
coefficient  

c
coefficient 

d
5~ 1.38 0.55 1.22 0.62 1.12 0.67 

3~5 1.20 0.30 1.18 0.41 0.92 0.40 
2~3 1.13 0.25 0.83 0.29 
1~2 1.00 0.00 0.96 0.08 0.91 0.15 

(1.0 0/T T   1.5) 

Spectral
Ratio H/V at 

a peak 

Group A Group B Group C 
coefficient 

e
coefficient 

f
coefficient 

e
coefficient 

f
coefficient 

e
coefficient 

f
5~ 1.55 0.36 1.50 0.33 1.45 0.33 

3~5 1.32 0.17 1.36 0.22 1.20 0.10 
2~3 1.25 0.12 1.08 0.04 
1~2 1.00 0.00 1.03 0.01 1.03 0.02 

(1.5 0/T T   2.0) 

Spectral
Ratio H/V at 

a peak 

Group A Group B Group C 
coefficient 

g
coefficient 

h
coefficient 

g
coefficient 

h
coefficient 

g
coefficient 

h
5~ 1.20 0.20 1.20 0.20 1.12 0.11 

3~5 1.13 0.12 1.15 0.15 1.10 0.10 
2~3 1.12 0.12 1.04 0.04 
1~2 1.00 0.00 1.01 0.01 1.01 0.01 



Fig.4 Shape of a correction rate 0( / )m T T  in each group (Senna et al. 2008) 

Table 2  Correlation rate k  and correction rate 0( / )m T T  in each microtopography 
 classification (Senna et al. 2008) 

Microtopography 
classification ID Microtopography classification Correction rate k Correction rate m

1p Mountain(Before Tertiary) 2.8 

A

1t Mountain(Tertiary) 2.6 
2 Piedmont 1.7 
3 Hill 2.0 
4 Volcanic Area 1.9 
5 Volcanic Piedmont 1.3 
6 Volcanic Hill 1.6 
7 Rock Plateau 1.9 
8 Gravel Plateau 1.6 

B9 Loam Plateau 1.1 
10 Valley Plain 1.3 
11 Alluvial Fan 1.2 
12 Natural Levee 0.8 

C

13 Back Marsh 0.8 
14 Former River Bed 0.9
15 Delta･Coastal Lowland 0.8
16 Sandbar･Gravel-bank 0.9
17 Sand-hill 1.2 
18 Dyked Land 0.8 
19 Reclaimed Land 0.9 

function and the coefficients a h  indicated in Table 1. 
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Fig.4 illustrates the spectral ratio shape due to each correction rate 0( / )m T T  given 
by Eq.(2) in each microtopography classification group. Table 2 shows a correction rate 

k  and a correction rate 0( / )m T T  in each microtopography classification ID, its name 
and group. These correction rates k  and 0( / )m T T  are numerically evaluated so that 
the shape of he microtremor H/V spectral ratio indicated in Fig.4 is almost the same as 
the average value of the microtremor H/V spectral ratio shown in Fig.3 

4 S-WAVE AMPLIFICATION SPECTRUM RESULTS 
    In this paper, S-wave amplification spectrum at the microtremor measuring spot is 
evaluated by the previously mentioned estimation method employed in this paper. 

Figs.5 and 6 show the predominant period distributions of microtremor H/V spectral 
ratio in both NS and EW components at 61 spots in the east district in Maizuru city, re-
spectively. The word of “indistinct” in these figures means that there seems to be no 
distinct peak in a microtremor H/V spectral ratio. In several spots in 61 ones, NS com-
ponent is longer in comparison with EW component. The seaside area of the east cen-
tral district in Maizuru city has a soft and thick sedimentary stratum, and trends to have 
a long predominant period between 0.5s and 0.6s.
   Fig.7 illustrates an old map of the east district in Maizuru city in 1901. Red line in this 
figure means a present road location in this area. The roads in seaside area sur-
rounded in thick blue line are located in sea area and a mouth of the Yohoro river is lo-
cated on the Go-joh street at the present map. It is found that the seaside area and the 
Yohoro river area surrounded in thick red line have a long predominant period because 
of a soft and weak soil ground. Sakai (2005) reported that a structure on the ground 
surface with the predominant period of about 0.6s, where has a high correlation rela-
tionship with structure damage against severe earthquake, trend to be damaged by a 
strong earthquake motion. Accordingly, there may be a possibility that the structure 
damage in the seaside area of the east central district in Maizuru city will be much larg-
er than other area against a severe earthquake ground motion. 

Fig.8 indicates a comparison of the theoretical amplification spectrum by the mul-
tiple reflection theory with the microtremor H/V spectral ratios at both Hama dormitory 
and Hama district with ground boring data. NS and EW components of amplification 
spectrum obtained by Senna’s method described above are illustrated in Fig.7, too. S-
wave velocity SV  can be calculated by the following empirical equation (Ohta 1978). 

0.218 0.22862.48SV N H F                                        (3) 

where, N  is N-value in the standard penetration test, H  is a depth, and F  is a coeffi-
cient on soil classification, 1.073 in Sand, 1.0 in Clay, and 1.199 in Gravel. S-wave ve-
locity of the engineering base rock is assumed to 300m/s. 

The density  can be obtained by the following equation proposed by Kobayashi et
al. (1995). 

0.67 /1000 1.4SV                  (4) 

The damping coefficient h  in the evaluation process of theoretical value of S-wave 
amplification spectrum can be given by the following equation. 



7.5 / Sh V                                               (5) 

Although the amplification ratio of S-wave amplification spectrum is out of accord with 
that obtained by the multiple reflection theory, the peak period of S-wave amplification 
spectrum relatively corresponds to the peak one evaluated by the simple estimation 
method employed in this paper. In addition, S-wave amplification spectrum evaluated  

Fig.5 Predominant period distribution in microtremor H/V ratio (NS component) 

Fig.6 Predominant period distribution in microtremor H/V ratio (EW component) 



Fig.7 Old map of the east district in Maizuru city (1901) 

(a) Hama Dormitory      (b) Hama District 
Fig.8 Comparison of amplification spectrums in theoretical value and Senna’s method 
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from microtremor H/V spectral ratio trends to underestimate the spectrum obtained by 
the multiple reflection theory. However, S-wave amplification spectrum evaluated from 
microtremor H/V spectral ratio seems to be underestimate or overestimate if the mis-
judgment on a correlation rate k  occurs in the microtopography classification, be-
cause the microtopography classification mesh for the geological stratum distribution 
accurately does not correspond to the detailed change of real ground stratum. Conse-
quently, the simple estimation method using microtremor H/V spectral ratio employed in 
this paper has a sufficient accuracy in the evaluation of S-wave amplification spectrum 
in the east central district of Maizuru city. 

5  CONCLUSIONS 
In this paper, both horizontal and vertical microtremor observations at 61 spots in 

the east central district in Maizuru city were conducted by servo-type accelerometers, 
and the microtremor H/V spectral ratio and its predominant period at each spot were 
evaluated from the measured microtremor accelerations. S-wave amplification spec-
trum at the spot without any ground information was evaluated from the microtremor 
measurement results. The theoretical amplification spectrum obtained from the multiple 
reflection theory was compared with the microtremor H/V spectral ratios at two spots 
with ground boring data. 

The summary obtained in this paper is as follows. 
(1) S-wave amplification spectrum at even the spot without any ground information can 

be easily and quickly evaluated from the microtremor H/V spectral ratio obtained 
from a microtremor measurement system using servo-type accelerometers. 

(2) Evaluation of S-wave amplification spectrum needs some revisions of the microtre-
mor H/V spectral ratio using some coefficients on the microtopography classification 
and the shape of the microtremor H/V spectral ratio. 

(3) Both the microtremor H/V spectral ratio and S-wave amplification spectrum in the 
seaside area in the east district in Maizuru city trend to have a long predominant pe-
riod. Therefore, there may be a possibility that the structure damage in the seaside 
area of the east central district in Maizuru city will be much larger than other area 
against a severe earthquake ground motion. 

The challenge of the future is to obtain S-wave amplification spectrum by using the 
microtremor H/V spectral ratio map in Maizuru city. Further investigation on the micro-
tremor H/V spectral ratio and the theoretical amplification spectrum obtained from the 
multiple reflection theory using ground boring data may be needed to accurately eva-
luate S-wave amplification spectrum and make some concrete conclusions. 
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