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Abstract 

 

Dynamic properties of both sites and structures are the key parameters which can 

substantially influence the characteristics of ground response caused by earthquake and 

subsequently govern the structural response.  As a result, the local site effects and 

dynamic characteristics of structures are indispensable to be taken into account for seismic 

design.  In this research, the objectives are to examine site effects of potential seismic risk 

area and investigate the dynamic properties of buildings.  These results are valuable for 

seismic hazard assessment and further microzonation study in the investigated area. 

In the first part of the study, site effects are examined from investigations of site 

characteristics of subsoil by microtremor techniques.  The objective is to characterize 

subsoils for seismic hazard assessment and microzonation study.  The technique of single 

point observation with Horizontal-to-Vertical spectral ratio (H/V) to estimate the predominant 

period ( PT ) and the technique of array observation with Spatial Autocorrelation (SPAC) for 

exploration of shear wave velocity ( SV ) were conducted for 103 sites in Chiangmai and the 

vicinity area, and 174 sites in Bangkok and the vicinity area.  Site classifications based on 

PT and the average SV  are presented.  

The variation of the site characteristics can be clearly distinguished where the average 

of shear wave velocity from the surface to 30-m depth ( 30SV ) and the predominant periods 

vary significantly within the survey area.  In Chiangmai area, the lowest 30SV  of 230 m/s 

and longest PT  of 0.7 second were found along Ping river area, while more stiff soil with 

higher 30SV  of 560 m/s and shorter PT  of 0.12 second were found in the north and west of 

the investigated area.  In Bangkok area, it was shown that the area along the Gulf of 

Thailand and the south-east part exhibit very low 30SV  of 70 m/s and long PT  of 1.1 

second, while high 30SV of 600 m/s and short PT  of 0.2 second were found in the north, 

west and east parts which are boundary of the plain. 

Seismic site response analyses were conducted using equivalent linear method.  The 

transfer functions obtained from equivalent linear analysis of the soil model for 

microzonation zones provided amplification characteristics of each area.  In the zones of 

low SV , high amplification and long predominant period were identified.  In addition, 

amplification in the long period ranges was observed due to characteristics of soft soil 

layers.  The predominant periods became shorter, amplification ratios were decreased, and 

long period effects were diminished in the zone of high SV . 
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Comparison of spectral acceleration obtained by this study with the existing values 

specified in the current standard of Thailand, DPT 1302, was examined.  It was pointed out 

both discrepancy and agreement of the design spectral acceleration for different zones. 

The models of subsoil were constructed based on shear wave velocity in Bangkok to 

study the effects of subsoil models on modification of ground motions induced from seismic 

waves.  The acceleration response spectral resulted from a set of earthquake waves were 

presented and examined for their characteristics of amplification and dominant period.  The 

amplification factor of about 6 was found around the period of 1.0 second for the model of 

160 to 300 m depth of bedrock.  For deeper bedrock model, 400 to 700 m, amplifications in 

long period ranges of 2 to 3 second were significantly observed.  Comparison of results 

from the analysis and the observed record was made and their good agreement was 

achieved when using the model of 400 m depth bedrock at the seismometer station.  In 

addition, this study presents an application of 2-dimensional ground response analysis by 

using finite element analysis software for structural engineering.  The applicability of the 

technique was examined showing its potential for ground response analysis considering 

basin edge effects. 

The second part of the study showed the results of dynamic behaviors of 11 buildings, 

low-rise and containing some degree of irregularities. The dynamic properties such as 

natural frequencies, damping ratios, and vibration mode shapes were extracted from their 

natural ambient vibrations, which were recorded by sensitive velocity sensors. 

The process of measuring these dynamic properties had faced some limitations; these 

were placing the sensors in the right position, installation of a vibration shaker, and 

extracting the reliable damping ratios. This research applied algorithms to solve those 

difficulties, especially, the process of extracting the damping ratios by System Realization 

Information Matrix (SRIM) algorithm, which is a modern time-domain algorithm. Although 

some limitations still remain technically unsolved, the main objective of the research, i.e. 

the extraction of dynamic properties of mid-rise irregular buildings, has been accomplished.  

Measured natural frequencies from 11 buildings shows that they are close to, or lower 

than in some cases, the approximated values from a formula given in the seismic design 

standard of Thailand. Although that formula was derived from regular high-rise buildings, it 

is still applicable to those mid-rise irregular buildings in this research. For the damping 

ratios extracted by SRIM algorithm, the damping ratio of 2%, which is the average 

measured value from all 11 buildings, is recommended for these mid-rise buildings.  
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This research also compared the measured behaviors of a real building with its three 

dimensional behaviors predicted by finite element analysis. It was found that the finite 

element model may not represent the real behaviors accurately. These differences were 

caused by some assumptions in the modeling process. This evidence shows that 

measurement of dynamic properties is really important to predict the real response of 

buildings. 
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In this research, the objectives are to examine seismic site effects and dynamic properties of 

buildings which can substantially influence the characteristics of ground shaking and structural 

response.  In the first part, site effects were studied from characteristics of subsoil using 

microtremor observation techniques to estimate the predominant period ( PT ) by H/V spectral 

ratio and the shear wave velocity (VS) by Spatial Autocorrelation (SPAC) method.  The results of 

103 sites in Chiangmai area show that the average of shear wave velocity from the surface to 

30-m depth ( 30SV ) is lowest of 230 m/s and PT is longest of 0.7 second along Ping river area. 

More stiff soil with higher 30SV  of 560 m/s and shorter PT  of 0.12 second was found in the 

north and west parts of the investigated area.  In 174 sites in Bangkok area, it was shown that 

the area along the Gulf of Thailand and the south-east part exhibit very low 30SV  of 70 m/s and 

long PT  of 1.1 second, while high 30SV of 600 m/s and short PT  of 0.2 second were found in the 

boundary of the plain.  Seismic site response analyses were conducted using equivalent linear 

method to subdivide area having similar site effects, or microzonation.  Comparison of spectral 

acceleration obtained in this study with the current standard of Thailand, DPT 1302, was 

presented.  Deep basin effects of Bangkok soft clay were preliminary investigated and the 

amplifications at long period of 2 to 3 second were indicated.  The ground responses from 

analysis were in agreement with the observed records.  The second part investigated dynamic 

behaviors of 11 buildings, low-rise and containing some degree of irregularities by vibration 

measurement, and three dimensional behaviors of a model by finite element analysis.  The 

algorithms to correct the effect of error from sensor’s directions and the process of extracting 

accurate damping ratios were discussed.  The results from the study are appropriate for an 

amendment of the current design standard.  Further investigations in other cities and deep basin 

in Bangkok, as well as improvement of model for analysis of building are recommended. 

Keywords: Earthquake, Site characteristics of soil, Dynamic properties of building, Microtremor, 

Vibration measurement 
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 Cross-Correlation  

1   2       

3.17-3.18  

 

),,(*),,(),,( tyxftyxftCc    (3.17) 

 

),,(),,(),,( yxFyxFCc    (3.18) 

 

  sin,cos rr  

 

 SPAC, ,  

 (Coherency) 

  3.19-3.21 
2

0

),,(
2
1),( dCohr     (3.19) 

 

 
2

0

expRe
2
1 d

c
ri

apparent

                (3.20) 

 

 d
c
ri2

0 )(
cosexpRe

2
1                 (3.21) 

 



 

 

 ( .) 
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 d
c
ri2

0 )(
cosexp   

)(
2 0 c

rJ   

SPAC  3.22 

 

 

)(
),( 0 c

rJr  (3.22) 

 

 0J   Bessel Function  1  0 

 

 SPAC  Frequency domain 

 Time domain 

  3.23 

 
2

0 ),,()0,0,(
),,(

2
1),( d

rSS
rSreal

r
XC

CX  (3.23) 

 

 real    =  

 ),,( rSCX  = Cross spectrum  )0,0,;(tu   ),,;( rtu  

 )0,0,(CS  = Power spectrum  )0,0(C  

 ),,( rSC  = Power spectrum  r  ),(rX  

 

 SPAC  4 

 3.8 

 

 
 

 3.8  Array  SPAC 

 

r3  

r3  r3  r 

r r 



 

 

 ( .) 
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 SPAC  

 3.9 

1.   

2.

 

3.  Power spectrum  SPAC 

Function 

4.   SPAC  

 

5.  (Phase Velocity)  Dispersion 

Curve 

6.  Dispersion Curve  (Inversion Analysis) 

 

 



 

 

 ( .) 
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 3.9  SPAC (Okada H., 2003) 

 

 

 (Phase Velocity)  SPAC  

 3.10 



 

 

 ( .) 
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1.   SPAC ( )  Bessel Function 

of the First Kind with Zero Order ( )  

( ii fS , )  SPAC   if   ( ii xJ ,0 )  

Bessel Function of the First Kind with Zero Order  iS   iJ0  

 ix   ( ii xJ ,0 ) 

2.  ix    (Phase Velocity) 

 3.24  

 

Phase  velocity
i

i
i x

rfC 2          (3.24) 

 

  3.   ( ii fC , )  

 (Phase Velocity)  Dispersion curve (

) 

 

 
 

 3.10 

 (Okada H., 2003) 

 



 

 

 ( .) 
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3.2  (Ground Response Analysis) 

3.2.1  1  (One-Dimensional Ground Response 

Analysis) 

  (Ground response) 

   

  

liquefaction    

 

 1  2   3  

  1  

 1  

 2  3    2  3 

  

 1   3   (1) 

 

 (shear wave)  (2) 

  (3)  

homogeneous viscoelastic  non-linear   

 1  

  SHAKE, DEEPSOIL   Equivalent 

linear method     

 

3.2.2  (Equivalent Linear Method) 

  

 

 

 (Equivalent linear 

method)  

 

 

 (Equivalent linear 

method)    (G ) 

 ( )  



 

 

 ( .) 
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  (Time histories of 

shear strain)    (Effective shear 

strain)    

 65%    

 (G )  ( )  

 (G )  ( ) 

 5% 

 5  (Schnabel et al.,1972)  

 (Equivalent linear)  

  non-linear  

 

 3.11 

 

 

 
 

 3.11  
 

 

Linear Site 

Response Analysis  

Start with G=Gmax 

and D = Dint 

Calculate max and eff  in 

each layer eff=0.65 max 

Output 

Calculate G=G( eff) 

and D=D( eff) 

G and D 

Consistent 

with eff? 

NO 

YES 



 

 

 ( .) 
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3.2.3  SHAKE91 

 SHAKE91  Schnabel  . . 

1972  1  

   homogeneous viscoelastic 

   (continuous 

solution)  Kanai, 1951   

transient motion  Fast Fourier Transform Algorithm  (Cooley and Tukey, 

1965)  

 2    

  SHAKE91   

  

  

    

 

 

 (

)  

 

 (Equivalent linear) 

 

 

 SHAKE91  10   

 3.1  ASCII file (*.dat)  

FORTAN  3.1  2   (1) Input Options 

  1,2,3,4  5 (2) Analysis Options   6, 7, 9, 

10  11   

 

 3.1   SHAKE91 

 

Option Description 

1 Dynamic soil properties 

2 Data for soil profile 

3 Input(object) motion 



 

 

 ( .) 
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4 Assignment of object motion to the top of a specified sublayer 

or to the corresponding outcrop 

5 Number of iterations specified & ratio of uniform strain to 

maximum strain 

6 Sublayers at top of which peak accelerations & time histories 

are computed and saved 

7 Sublayers at top of which time history of shear stress or strain 

is computed and saved 

8 Save time history of object motion 

9 Response spectrum 

10 Amplification spectrum 

11 Fourier amplitudes 

 

.  1  SHAKE91 

 1 

            

   ( )(/ maxGG ) 

 ( )( )  

 1/5  (wave length) (Idriss and Sun, 1992) 

( 5/1t  or )/)(5/1( fVt S )   (uniform equivalent 

strain)   0.4-0.75 

 (
10

1Mratio  ) 

 

3.3  

   

(VS)  (Su)  1 

 (  N)  National Earthquake Hazards Reduction 

Program (NEHRP 2003)  

 ( .1302, 2552)  3.2  

 



 

 

 ( .) 
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 3.2  NEHRP (2003)  .1302 

 

 (VS)  (Su) 

 1  (  N) 

   

n

i si

i

n

i
i

s

V
d

d
V

1

1                   (3.25) 

              n

i ui

i

n

i
i

u

S
d

d
S

1

1           (3.26)

  

               n

i i

i

n

i
i

N
d

d
N

1

1           (3.27) 

 

 uS  30  

          sV  30  

 N  1  30  

 n   30  

 di  i  

          Ni  1  i 

 Vsi  i 

 Sui  i 

Soil 

Class 

Soil Type 

 
sV   

(m/s) 
uS  

(kPa) 
N  

(blow/ft) 

A Hard Rock sV  >1500 -- -- 

B Rock 760 < sV  1500 -- -- 

C Very dense soil  

and soft rock 

360 < sV  760 uS < 50 N < 15 

D Dense/Stiff soil 180 < sV 360 50  uS 100 15  N 50 

E Loose/Soft soil 180 < sV  uS > 100 N > 50 



 

 

 ( .) 
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3.4  

 

   

 

  

 

  3  

 (  3.4.1-3.4.2  2.1 ) 

 (  2.2) 

  

-   

-   (  2.3) 

 3 

 

 

3.4.1 :  

  

  

(Rigid body)  3  2  

 1  12  

 
 3.12  

  2 



 

 

 ( .) 

 
3-20

 

 13 

 
 3.13  

 

  

 

 4   2 

  2  

 2   3.14 

 
 3.14  

 Time 

series 15 



 

 

 ( .) 
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 3.15  

 

16  

(Fourier spectrum)  (Magnitude spectrum)  

(Phase spectrum) 15  .16 

 
 3.16  

 

 

 16  

 17 



 

 

 ( .) 
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 3.17  

 

  2 

  0  360 

 180   

 

  

 

 

3.4.2 :  

 

 

  

 1)  

Autocorrelation function  

  2) 

 (Half-power bandwidth) 

 

 

 

  

 System Realization using Information Matrix (SRIM) 



 

 

 ( .) 
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 SRIM 

  2.1 

 

 

  

 

  18 

  

 

 
 3.18  

 

3.4.3  

 19  

  

State-space  

 Modal 

model      



 

 

 ( .) 
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 3.19  

 

 Modal model    

 

 
 

 

 

 



 

 

 ( .) 

 
4-1

 4 

 

 

4.1   

 

 (Boring 

Log)     

  

 (http://www.dpt.go.th/soil) 

   

  Tuladhar (2003) 

 10   

     

(2552) 

  Tuladhar (2004) 

 H/V spectral ratio 

  

4.2  

 Tuladhar (2003)  

  10   A1, A2, A3, B1, B2, B3, C1, C2, D1  

D2     

 (Shear wave velocity, VS) 

  10 

  4.1  4.2 

   4.1  10  

 



 

 

 ( .) 

 
4-2

 
 

 4.1   (Tuladhar , 2003) 

 

 
 

 4.2  (Tuladhar, 2003) 

 



 

 

 ( .) 

 
4-3

 4.1    (Tuladhar, 2003) 

  (VS) 

 A1 

 

  16-20  

 VS 60-80 /

 26-28   VS 250-300 

/  

 35   VS 350-400 /  

 

 VS30 = 113  
 

 A2 

  14-16 

  VS 60-80 /  

 VS 210-250 /  

 28-30  

 VS 270-320 /  

 

 VS30 = 110  
 

 A3 

  

  

 15-17   VS 60-80 

/    VS 260-

320 /   25-30  

 VS 350-380 /  

 30-35  

 

 VS30 = 109   



 

 

 ( .) 

 
4-4

 B1 

 

 12-14    

VS 60-80  /  

  VS 220-240 /   

20-22   VS 280-340 /

  33-35  

 

 VS30 = 118  
 

 B2 

   

 

   VS 60-80 /

  10-12  

  VS 180-240 /  

 16-20   

22-28   VS 250-320 /  

 

 VS30 = 135  
 

 B3 

 

 12-14   VS 60-

80 /    VS 

220-260 /   16-18  

  VS 260-300 

/   20-25  

 

 VS30 = 122  
 



 

 

 ( .) 

 
4-5

 C1 

  8-

10   VS 80-100 /  

   VS 200-

250 /   300-350 /  

  15-18   

20-22   

 

 VS30 = 172  
 

 C2 

  VS 80-100 /

  8-10   

  VS 280-300 /  

 310-350 /   

 15-18   22-25   

 

 VS30 = 182  

 
 D1 

  VS 160-180 /

  8-10  

   VS 200-280 /

  280-350 /   

 

 VS30 = 229  

 



 

 

 ( .) 

 
4-6

 D2 

    

 VS 200-250 /   8-10  

   

 15-17  

 

 VS30 = 299  

 
 

  (2552)  

 3,755  

 5X5   

 39   4.3 

 6-18   

 (Undrained shear strength, SU)  

 

 
 

 4.3 –   

(  ,2552) 



 

 

 ( .) 

 
4-7

  4.1  4.3  

 

  

-      

   

 

  

 2004 Tuladhar  Seismic Microzonation   

Microtremor Observation  1  

 (Predominant period, TP)  Horizontal to 

Vertical (H/V) spectral ratio analysis  Microtremor Observation 

 10   145 

  TP  0.8  1.2 

   

TP  0.8  1.0   

  TP  0.7  0.8  

 0.4   TP    TP 

 4.4  

 

 
 

 4.4  (Predominant period, TP)  (Tuladhar, 2004) 

 



 

 

 ( .) 
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4.3  

 

 

   (Standard Penetration Test, SPT) 

   (Undrained Shear Strength, SU) 

  SPT  

  30   30  

   SPT  )(N   

4.1  

 

1

1

n

i
i
n

i

i i

d
N

d
N

     (4.1) 

 

   iN        i  

id          i  

n         

  

 SU   4.2 

 Unconfined compressive strength  4.2  

 

SU = Qu/2             (4.2) 

 

  SU = Undrained shear strength (T/m2) 

 QU = Unconfined compressive strength (T/m2)  

 : Braja M.Das, 2008 
 

 4.2  SPT, QU  

SPT (N) 

(blows/ft) 

Unconfined compressive 

strength, QU (T/m2) 

Consistency 

< 2 < 2.5 very soft 

2 – 4 2.5 – 5.0 soft 

4 – 8 5.0 – 10.0 medium stiff 

8 – 15 10.0 – 20.0 stiff 



 

 

 ( .) 

 
4-9

SPT (N) 

(blows/ft) 

Unconfined compressive 

strength, QU (T/m2) 

Consistency 

15 – 30 20.0 – 40.0 very stiff 

> 30 > 40.0 hard 

 : http://www.gerd.eng.ku.ac.th/Cai/Ch16/ch162_theory.htm 
 

 (Soft Clay)  (Very 

Soft Clay)  

   4.2  

4.2  

 SU  2.5   QU  5  

(   4.2) 

  

  

  

  SPT   

   SU 

 

 

 ( .

1302, 2552)  4.3 

 

 4.3  .1302 ( . . 2552) 

 Shear wave velocity* SPT* Undrained Shear Strength* 

A > 1500  - - 

B 750 - 1500  - - 

C 360 - 750  > 50 > 100  

D 180 - 360  15 - 50 50 - 100  

< 180  < 15 < 50  

E 

 3   

Plasticity Index (PI) > 20 

Moisture Content (w) > 40% 

SU < 25  

*  30  



 

 

 ( .) 
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 3   ( )  (   

         

   ) ( )   ( )  

  

(Standard penetration test, SPT)  (Undrained shear 

strength, SU)  3  

  

)  

   265   

 SU  0-2.5  

-   -  

 0-20  -  

  

-    

 -

 -      

   

-  

 4.5 

 
 4.5  –   

 



 

 

 ( .) 
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   4.6 

      -  

 4-16   

-  20  

-  22  

 

 
 

 4.6   

 

  Tuladhar 

   

  

 4.4 

 

 4.4 -

   

  Tuladhar (2003)   ( . . 2552) 

A1  8-16   16-20   14-18  

A2  12-16   14-16   12-16  



 

 

 ( .) 

 
4-12

  Tuladhar (2003)   ( . . 2552) 

 20-22  

A3  8-16   15-17   14-18  

B1  8-16   12-14   12-16  

B2  8-16   10-12   2-14  

B3  4-12   12-14   10-16  

C1 

 4 

 

 

 0-4  

C2 

 4 

 

 

 0-4  

D1 

 4 

 

  

D2 

 4 

 

  

 

 ( .1302, 2552)     

    E 

 ( .1302, 2552)  SPT 

 2-4   15   SU  50  

 4.7  4.8   



 

 

 ( .) 

 
4-13

 
 

 4.7  SPT  30   

 

 
 

 4.8   30  



 

 

 ( .) 

 
4-14

    

  SU  50-100   100 

     

 SU  D  C 

 ( .1302, 2552) 

 SPT   15  

 E   

 

)  

  

  

  

   4.9 

 

 
 

 4.9  

 

     

21      

  



 

 

 ( .) 
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  SPT  SU  30  

 SPT   3   5  10  

15   10 - 12  -  

 13   SU  20 

   very stiff clay 

 . 1302  

   

 SPT  5   SPT 

 10   SPT  

       70 

   4.10 

 

 
 

 4.10  SPT  5  

 

 SPT  10  

   SPT 

   

 5   SPT  10  



 

 

 ( .) 

 
4-16

 10   SPT  10  

    SPT  10 

– 20    SPT 

   70-80   

4.11 

 

 
 

 4.11  SPT  10  

 

 SPT  15   

   

    

 SPT  10   

 10 – 20   SPT 

  SPT 40 – 50   20 - 40 

   SPT  10 – 30  

 4.12 

 



 

 

 ( .) 

 
4-17

 
 

 4.12  SPT  15  

 

-   SU 

 20   -

   10   

 2    

   4.13 

-   SPT  

 -   10 

  SPT  10   5  

  20   10   15   

 -  

 SPT     

 4   SPT  5 , 10 ,  15  

  10-40   2   

SPT  5   10   40-70   40-50 

  15   10-12  

 



 

 

 ( .) 

 
4-18

 
 

 4.13 -  

 

)  

   

  

  

  4.14 

 



 

 

 ( .) 

 
4-19

 
 

 4.14  

 

   

274    

  SPT  10, 15, 20,  25   

  8-22    SU 

  20   

 very stiff clay  

 SPT  10 , 15 , 20 

 25   -   

SPT  10   10    

 SPT  60  (

)  ( ) 

  SPT  50-60  

 4.15 

 



 

 

 ( .) 

 
4-20

 
 

 4.15  SPT  10  

 

 SPT  15  

 SPT  10   SPT  10  

  

   SPT  30-40   

 SPT  10-20  

  SPT  50-60   

4.16 

 



 

 

 ( .) 
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 4.16  SPT  15  

 

 SPT  20  

 SPT  10  

 SPT  20-30   SPT 

 10-20    

SPT  50-60   4.17 



 

 

 ( .) 

 
4-22

 
 

 4.17  SPT  20  

 

 SPT  25   

 SPT  30-40    

40-50   SPT   

SPT  20    SPT 

 10 , 15,  20    4.18 

 



 

 

 ( .) 
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 4.18  SPT  25  

 

-   SU 

 20    very stiff clay 

-   0-20  

 8-16  

   8-20  

  4-8    4.19 

 



 

 

 ( .) 

 
4-24

 
 

 4.19 -  

  

 SU  

  SU  18-50   SU 

  SU 

 50-100   150-200  

  4.20 

 



 

 

 ( .) 

 
4-25

 
 

 4.20   30  (SU) 

 
4.4  

 

  2   

    1  17 

        

         

   2   

 

4.5  

 

4.3.1  

    (Mircrotremor)  1 

  (Predominant Period)  SPAC 

  SPAC   

SPAC   4   Array  

   4 Array  4.21    Array 1 



 

 

 ( .) 
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 r

 Spac coefficient  3    0  1  0  2  0 

 3   

r3  Spac coefficient  3    1  2  2  3 

 3  1  2    3   

 Array 

    Array  r   9.00  

25.00  35.00   50.00   r3   15.59  43.30 

 60.62   86.60   Array 

 Spac coefficient  8   

 4.22 

 
 

 4.21  Array  

 

 
 4.22  

0 10 20 30 40 50 60 70 80 90 100

Distance (m) Series1 Series2

 

Array 4Array 3Array 2

Array 1
1

0
2

3

4

56

7 8

9

12 11

10

r3  



 

 

 ( .) 
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4.6  

 

 

 Microtremor  

   

   

  (Velocity Sensor)  2  

 50  60   

 

4.6.1  

 

1.  (Data Acquisition Instrument)  

 GEODAS-10-24DS  4.23  Buttan Service 

Co,Ltd.  4.5   

 

 
 

 4.23  (Data Acquisition Instrument) GEODAS-10-24DS 

 

 4.5  GEODAS-10-24DS 

 8  24  

A/D Conversion Method  Over Sampling 

  ( ) 



 

 

 ( .) 
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A/D Resolution/Dynamic Range 24 Bit 

A/D Conversion  Speed (Stationary) 50kHz 

Signal Voltage(Full  Scale) 2.5 V. 

Sampling Rate (Frequency) 50/100/200/500/1K/2K Hz 

Pre-Amplifier Impedance 10 k  

Pre-Amplifier Gain 0/20/40/dB 

Low-Pass Filter 12.4/50/150/0 Hz 

 DC.12 V. 

 36 VA(Maximum) 

 10-45   

 20-80% 

  ( x x )  367x270x90   (mm.) 

 5 kg. 

 

2.  (Sensor)  

 CR4.5-2S  4.24  Buttan Service Co,Ltd. 

   3  

(Component)  1   2   4.6 

 

 

 

 
 

 4.24  (Sensor) CR4.5-2S 



 

 

 ( .) 
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 4.6  (Sensor) CR4.5-2S 

 (Component)  3 (1  2 ) 

Element 4 

Coil  Reactance 4 k   

Natural Period (Frequency)  2 s(0.5Hz) 

Sensitivity 1.0V./cm/s  

Available Frequency Range 0.5-20 Hz  (-3dB)  

Available Stroke 1 mm.  

 DC.12 V. (  GEODAS)  

  ( x x )  100x100x105  (mm.) 

 1.2 kg. 

 

4.6.2  

 

1)   VSE-15D-6  Tokyo Sokushin 

  

 4.7 

 

 4.7  

Frequency range 0.1 to 70 Hz. 

Mode of operation Horizontal, Vertical (switchable) 

Max. measuring range ± 0.1 m/s 

Max. output voltage ± 10 V 

Linearity 0.03% of full scale 

Resolution Approximately 2x10-8 m/s2   

Dynamic range Approximately 140 dB 

Temperature range -10 to 50 °C 

Dimension 55x69.5x72 mm 

 

2)   McSEIS-MT NEO 

 OYO Cooperation  

   (Memory card) 



 

 

 ( .) 
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 1/100  

 GPS 

 4.8 

 

 4.8  

Built-in sensor Servo accelerometer (vertical) 

Dynamic range 120 dB 

System dynamic range 156 dB 

Frequency band 0.1 to 200 Hz. 

A/D convertor 32-bit delta sigma type 

Sampling time 2, 4, 10, 20, 50 ms 

Indicator 128x64 dots monochrome LCD   

Dynamic range Approximately 140 dB 

Temperature range -10 to 50 °C 

Dimension 55x69.5x72 mm 

Power supply Built-in lead-acid battery 12V, 7.2 Ah 

Consumption current 500 mA 

Temperature range -20 to 55 °C 

Dimension 250x220x245 mm 

Weight Approximately 7.5 kg 

 

 
 4.25  



 

 

 ( .) 
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  4.25  

 3   

 

 GPS 

 

4.7  

 

   H/V Spectrum Ratio 

 

1.  1   3   

 2   1   Time Domain  

4.26 

 

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4

x 105

-50

0

50

N
S

  u
m

./s
.

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4

x 10
5

-50

0

50

E
W

  u
m

./s
.

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4

x 10
5

-200

0

200

U
D

  u
m

./s
.

Time  (sec)
 

 

 4.26  3  

 

2. - , -

   3 

 3.1  4.27  H/V Spectral 

Ratio  

 



 

 

 ( .) 
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10
-2

10
-1

10
0

10
-1

10
0

10
1

Period t, sec

fo
ur

ie
r a

m
pl

itu
de

10
-2

10
-1

10
0

10
-1

10
0

101

Period t, sec
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Period t, sec
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m
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10-1 100 101
10

-1

100

10
1

Period t, sec

H
/V
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m
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de

NS/UD
EW/UD
Average
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4.8  SPAC 

 

   SPAC  

1.   SPAC 

  4   Time Domain  

4.28 

 

(1) (2) 

(4) (3) 

Fourier spectrum : NS Fourier spectrum : EW 

Fourier spectrum : UD H/V Spectral Ratio 



 

 

 ( .) 
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0 0.5 1 1.5 2 2.5

x 10
5

-200
0

200

S
en

so
r 0

0 0.5 1 1.5 2 2.5

x 10
5

-200
0

200
S

en
so

r 1

0 0.5 1 1.5 2 2.5

x 10
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S
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-200

0
200

S
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 4.28  

 

2.  Power Spectrum  

)0,0(C , Power Spectrum  r  ),(rX   Cross Spectrum  

)0,0,;(tu   ),,;( rtu   3  1   

SPAC  3.23  4.29 

 

10-1 100 101 102

10-2

10-1

100

101

102

103

Frequency, Hz

P
ow
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m
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2 /s
)

10-1 100 101 102

10-2

10-1

100
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Frequency, Hz

P
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ct

ru
m

 (m
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ro
-m

2 /s
)

 

(1) (2) Power spectrum : )0,0(C  Power spectrum : ),(rX  



 

 

 ( .) 
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Frequency, Hz
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 2  3   SPAC  3   

4.30 

3.  SPAC  2-4  

 4.31  
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  4.9  30   

 30  

VS30 (m/s)  

SPAC 2sSPAC D1 MASW D2 F-K  

 154 174 174 129 142 156 

 149 142 157 148 131 139 

.   126 125 - 104 127 - 

 124 117 141 - - - 

  116 - - - - 121 
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