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Fig.1 Particle Orbit at Arbitary Frequency
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Table1 Earthquake Parameters

Epicenter Location :
No. | Dae , : Ml g [P
Latitude |Longitude (km)
q8911]19894,28 [37° 29.9' [141° 31.0' [ 49 105?104 520
o . o , 17.9
eq8915{1989,6,24 (38" 17.8' |140° 49.8' | 4.1 ~214 183
8925 1989,1029 [a0° 311 143" aas |65 (720 | 000
q8926]1989,11,2  |40° 51.3' (1437 3.4 [7.1 209 0.0
~261.6
. ! . 110.8
€q9007[1990,5,1  |37° 40.0' [ 141" 41.0' | 4.1 1129 64.0
eq9015|1990,8.,5 37° 7.00 |142° 13.0' |42 161.?669 3.0% ‘\t
Y 203.5 ‘&
eq9016(1990,9.5 36° 240 [141° 6.0 | 5.2 37.0 S
~2107 N
N N
eq9101|1991,1,16 38" 15.0' 141° 550" | 47 947 48.0 Fig.5 Plane View of Created Land and Contour Line
=991 of Original Ground Surface

* Close to sea bed elevation.

Original Ground Surface p shedstone

~ ' g loam g—3 ()
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.'.'.'_‘ . : R : A I L. 10
QL el T T oals |y

A TR 7.}/.-'- LT
- . Original Ground Becrock S/ e o - o
1 : Banked Ground S8 T7S7mT T L g

Fig.6 Soil Profile at Cross Section along Solid Line in Fig.5
Table2 Earthquake Parameters

138 ) .
Epicentral Location | a |Dept
oo No| Dae M e | Gem)
™ = Latitude{Longitude
eql|1991,126 |35° 31|138° 57' |3.3] 16.0 [ 24.0
i eq2|1991,4,1 |34 55|139° 46' |4.2{115.0|42.0
'w"'l eq3|1991,425 [35° 4 |138° 12" | 4.9 80.0 | 32.0
o Q 5 cal170°
3 eqd|1991,5,30 |35° 53'139° 22' |4.3] 60.0 | 67.0
eq5|1991,11,24 36" 4 |139° 15" |4.1] 67.0| *
£q6{1992.2,2 [35° 14139° 48' | 5.9 98.0 | 90.0

Fig.7 Location of Epicenters A represents epicentral distance
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Fourier Spectrum
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Fig.8 Comparison between Vector Spectrum and Spectrum with respect to NS and EW Component
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Fig.9 Comparison between Vector Spectrum and Square Root of Sum of Fourior Spectrum and
Velocity Response Spectrum with respect to NS and EW component
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Table3 Comparison of Mean Value and Coefficient of Variance(Cv) for Natural Frequencies(N.F.) and Magnification
Factor(M.F.) at Each Natural Frequency obtained by The Proposed Method with Those by The Usual Methd

First mode Second mode Third mode
N.F.(Hz) M.F. N.F.(Hz) M.F. N.F.(Hz) M.F.

Mean Cv [Mean Cv [ Mean Cv [Mean Cv [Mean Cv [Mean Cv
;1; Vector 193 10.0519.2810.19 | 4.35 10.03|12.14:10.24 |7.71 1 0.01 | 6.17 ¢ 0.35
ZI 1D 2.05 {10.09]10.141 0.24 | 4.51 1 0.07}12.57:0.43 | 7.76 | 0.03 | 8.53 | 0.28
i Vector 1.60 10.10]7.3910.24 | 481 10.17]9.66 10.24 | 7.20 1 0.04 | 8.63 i 0.20
i 1D 1.66 10.11 | 7.78 1 0.22 | 4.82 1 0.20]11.72: 0.29 | 7.14 1 0.03 {11.15: 0.34
=
IO( Vector 3.63 10.05]|16.271 026 | 6.80 1 0.03]11.08; 0.26
I
N 1D 3.64 | 0.06 |22.91} 0.44 | 6.70 | 0.04 |14.00} 0.47
Isﬂ Vector 3.14 10.23 |14.08:0.25 | 7.78 } 0.03 ]| 9.69 | 0.22
li 1D 3.18 1022 {17.127041 | 7.78 { 0.05{9.91 { 0.19

Table4 Comparison of Natural frequency obtained from Mean Frequency Response Function with
Mean Values of Natural Frequemcies for the Proposed and Usual Method
First mode Second mode Third mode
Value for Value for Value for
Mean F.R.F | Each Events Mean F.R.F. | Each Events Mean F.R.F.|Each Events
Mean Cv Mean Cv Mean Cv

; Vector 1.86 1.93 0.05 4.30 4.35 10.03 7.76 7.71 0.01
M
A 1D 2.00 2.05 0.09 4.15 4.50 10.07 7.76 7.76 0.03
i Vector 1.51 1.60 0.10 4.83 4.81 0.17 7.32 7.20 0.04
i 1D 1.46 1.66 0.11 4.79 4.82 !'0.20 6.74 7.14 0.03
g Vector 3.66 3.63 0.05 6.59 6.80 i0.03
% 1D 3.51 3.64 {006| 6.59 6.70 | 0.04
IS{ Vector 3.17 3.14 [o023]| 7.76 7.78 }0.03
iy 1D 3.17 3.18 1022]| 7.76 7.78 | 0.05

Table5 Comparison of Confidence Interval of Estimated Magnification Factor and Mean Magnification Factor calculated by
the Proposed Method with Those by the Usual Method

First mode Second mode Third mode
Estimated M. Mean M_.F |Estimated M.F| Mean ML.E |Estimated M.F|Mean M.F.
(Confidence |for Every |(Confidence |[for Every |[(Confidence |[for Every
Interval) Events Interval) Events Interval) Events

;I; Vector | 6.83 ~9.93 9.28 6.10~11.34 12.14 3.77~7.23 6.17

IXI 1D |6.12~9.13 10.14 2.35~14.07 12.54 3.22~8.52 8.53

i Vector|4.25 ~8.03 7.39 6.85~10.15 9.66 4.56 ~9.42 8.63

K 1D [4.44~794 7.78 6.09 ~11.55 11.72 490~11.44 {11.15

Q |Vewtor|8.11~1727 | 1627 |s85~1125 | 11.08

; 1D |4.94~21.34 2291 3.87 ~17.58 14.00

S [vector[10.16~16.90| 1408  |a.52~9.56 9.69

{Z 1D |7.78 ~21.24 17.12 5.11 ~10.33 9.91
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PROPOSAL OF VECTOR FREQUENCY RESPONSE FUNCTION OF GROUND
BASED ON VECTOR SPECTRUM AND ITS APPLICATION

Susumu NAKAMURA

A new method for calculating spectrum with respect to horizontal earthquake motion as vector is intruduced. The
spectrum is named herein as “Vector spectrum”. Furthermore, a new method for calculating the frequency response
function based on the vector spectrum is proposed. These methods were applied to the observed earthquake motion
and were compared with the results calculated by the usual method. As a result of these, it is found that vector
spectram is useful to evalvate the frequency characteristics of horizontal earthquake motion quantitatively and that
the proposed frequency response function is also useful as the index to represent the amplification characteristics of
earthqugke motion because it has the high equivalency and stability in comparison with the usual method.





