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1. Introduction

In dynamic analyses, the linear acceleration methods are mostly used and
these stabilities are required for the external forces, more than 300 gal.

Therefore, in this study, seismic response analyses were executed using
the observed seismic accelerations.

During these analyses, the external forces for the yield point, peak point,
etc. between the sampling time were calculated by the Fourier
Interpolation. Also, these availabilities were discussed.
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2. Seismic Response Analyses
The equation of motion about and Hysteresis property of

MX + CX + kKX = —my

Notes) (1) Takeda Model
(2) Point A: Cracking
point, B:Yield point,
C: Peak.
(3) Shear Coefficient
- gC is the division of

m :mass(N/(cm/sec?))

C : damping factor(N/(cm/sec))
k : stiffness(N/cm)

X relative displacement(cm)
X

X

y

X . relative velocity(cm/sec) * the storey shear

.. . : 5 force (Q) by the
- relative acceleration(cm/sec?) weight
:horizontal acceleration record (4) Q : Storey Shear
on the ground surface (cm/sec?) Force (=k'x)
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3. Fourier Series aC
3.1. Interpolation by Fourier Series Interpolation

The analyzed time at the points of
stiffness changing were not always same
as the sampling time of the observed
seismic accelerations.

Interpolation (@) near the
point of stiffness changing.
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3. Fourier Series
3.1. Interpolation by Fourier Series
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8 A Positive yield point (Time=32.86700sec)

2 -1000 00 Max. point (Time=33.02425sec)
< Negative yield point (Time=33.09600sec)
© Peak point (Time=33.33550sec)

AQV EW, 2009 L'Aquila Earthquake, Italy
(T=0.5 sec, h=0.05, qCy=0.1)
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3. Fourier Series
3.1. Interpolation by Fourier Series

400

200

——Tri-linear Model

Acceleration (cm /52)

-400 A Positive yield point (Time= 9.31050sec)
-600 < Negative yield point(Time=13.34525sec)
O Peak point (Time=22.70100sec)
© Min. point (Time=23.97500sec)

Concepcion NS, 2010 Maule Earthquake,
Concepcion Centro, Chile (T=0.5 sec, h=0.05, qCy=0.1)

FOURIER INTERPOLATION TO THE EXTERNAL FORCES FOR SEISMIC RESPONSE ANALYSES AND THE AVAILABILITIES




18™ WORLD CONFERENCE ON EARTHQUAKE

MILAN, ITALY
WG E EﬁuﬁEﬁlﬁ ) 30™ JUNE - 5”‘|5ULY 202L4

MILAN www.wcee2024.it

NILImM

3. Fourier Series
3.1. Interpolation by Fourier Series
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§ A Positive yield point (Time=25.7100sec)
-1000 <& Negative yield point (Time=26.0460sec)
O Peak point (Time=26.6800sec)
Abira Hayakita EW, 2018 Hokkaido Eastern © Min. point (Time=27.1500sec)
Iburi Earthquake, Hokkaido, Japan (T=0.5 sec, h=0.05, qCy=0.2)
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N :number of data (even number), At : data

sampling time (t= ﬂAt $=012,---N-1,
Fourler Serles Integer), «=0,1,2,- -+ ,N/2, Integer

N— N-
Ay = %Z cos (271’ > B, = %Z sin (ZHW[)))
N/2-
_ Ay ap . ap Anyz (N/2)p
—7+ , [Aa cos <21TW> + B, sin <2n—>] +Tcos {211 N }

3. Fourier Series
3.2. Fourier Series and FFT

Observed seismic accelerations v were N

expressed by the discrete digital values

. . . N : ber of d ber), At: d

in both of Fourier Series and FFT. FET Campling e (1= G0 o9 020 N
Integer) the imaginary unit (i=v=1 ).

1¢ (enf)] ”‘1[ (2P|

= At. data sampling time ( t = BAf) were p=e “

divided by 20 like = 0.00, 0.05, 0.10, ---, Relationship between coefficients

0.90, 0.95, 1.00, 1.05, 1.10, ---, 1.90, 1.95, 2.00, A=,

2.05, 2.10, 2.15, 2.20,- + - ,N -1. «T 2
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3. Fourier Series
3.2. Fourier Series and FFT

FFT interpolated points have some band
around the observed accelerations, not
near the linear interpolation lines.
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AQV EW, 2009 L'Aquila Earthquake, ltaly
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4. Conclusions

(1) Analyses of SDOF were executed using some of the maximum accelerations
observed in 2009, 2010 and 2018.

(2) The hysteresis property was Tri-linear Model. At the points where the stiffness
changed, the external forces were analysed by the FFT interpolations.

(4) The availability of the application of FFT interpolations were discussed
appropriately.
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