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Introduction of Fourier analysis

Introduction of Fourier analysis
and stochastic modeling of
earthquake motions

e Using inverse Fourier transformation

y(t):% jwa(a))da)% 1 Alw)explig()e™do

Y (@): Fouier transform of y(t)
A(w): amplitude spectrum
Modeling of amplitude and phase ¢(a)) phase spectrum




Fourier Inverse Transform

1 . »
Y1) 17, Alw)explig(o)e*do
=[* Alw)cos(at + g(o))df +i[” Alw)sin(wt + ¢(w))df
Taking into account the facts that the amplitude

spectrum is symmetric and the phase spectrum is
asymmetric with respect to , we can get

y(t) = Alw)cos(wt + ¢(w))df

Discretization

It is necessary for numerical analyses to use
finite sampling function given by

G(a)) = 5(a))+ NZ/;2{5(a) — o )+ 5(0) + @y )}
1=1
And considering the following formula

x(t)= 2i TA@E @@ 5(0— oy )+ 8w + o )2t

—00

= 2A(@, )cos(oyt + (e, ))

Discretization

Substituting these formula into the inverse
transformation formula we can obtain

¥(0)= A0)+ 3 28(@ )eos(ant + oen)

Any time histories can be approximated by a
finite sum of cosine time functions

Amplitude and phase spectra of
earthquake motion

y(t)= A cos(27f, (t+1,))+ A, cos(24f,(t +1,))+...
+ A, cos(27f , (t+1,))+...

f, :nth frequency

A, : nth amplitude — amplitude spectrum
t, : nth time lag

27f t, :nth phase — phase spectrum: ¢,




Simple case examples

y(t)= A cos(2f; (t +1, )+ A, cos(2f,(t +t,))
casel: A, =A, =10, f,=f, =1Hz c1
t, =025 t,=-0.25, =

case2: A=A, =10, f; =10, f, =11
tl = 0.25, t2 = —0.25

Complicated example

« Amplitude is defined by normal distribution
with mean=0 and standard deviation=5gal

* Inthe phase 24ft, , f.t, is assumed to
be expressed by uniform random number
between O to 1

* Number of summation terms is change
from 10 to 1000

« Time interval is 0.01 sec and duration is 10
sec

Sample 3

Shape function
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Introduction of simulation of
earthquake motions based on
elasto dynamics

Similarity law and derived simple formula

Based on the dynamics of elastic
body
« Partial differential equation controlling
wave propagation in elastic medium
» Green function of this equation

1 P=1 y
x ]

Displacement G(y,x)

Displacement u(t) at y for a given time
history of force P(t) at x is calculated by

u®=G(y.x)P(t)

Mechanism of wave propagation
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Similarity Law

Mgy = uDyA

Mo~A%? Lx2W D,~L
Large Event:L, W_ Dg_
Small Event: AL AW AD,

Uniform rupture of faults

WLH)=23 iius(t_tij (K _1)T_rj

i=lj:]k:1rij n

Observation point

dislocation

Simulation of earthquake motion for
a large event

* Calculate Green function based of wave
propagation equation in elastic medium

e Sum up Green function taking into
account similarity rule between the samll
event and a large event

« Difficult to obtain Green function taking
into account complex path and local site
effect

Simulation of earthquake motion
using observed small event motion
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Concept of Seismic Design

For the case of Elastic design

Introduction of seismic design

Concept of response spectra

How to use response spectra for
earthquake proof design of structures

Concept of yield strength demand
spectrum

How to use the yield strength demand
spectrum for earthquake proof design of
structures

Concept of Response Spectrum
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Concept of aseismic design for
a linear structure

F =mS,(T,h)
m Bending moment at
colum foot
h M = Fh=mhS,(T,h)
M <M max

Earthquake data and calculated acceleration response
spectra for near source region

P iaek 11

Design response spectrum for intra-
plate earthquake

Simulation of Design Spectrum
Compatible
Earthquake Motions

Inter and intra plate design spectra




< Method fo simulate spectrum compatible EM

Sa S,(T,h=0.0
Al ) Modification for damping factor
Kawashima et.al (1983)

Initial Fourier
S,(T,h=0.05) amplitude

S(T,h=0.0)= AL(T)
v

T(sec)

=)

Simulate a time history of earthquake motion
using this initial Fourier amplitude and
a simulated sample phase spectrum

T(sec)

Calculate acceleration response spectrum

* Method to simulate spectrum compatible EM

SAT.h=0.05)

‘ Calculated response spectrum from the time history

S54(T,h=0.05) Modified Fourier
amplitude

A AT)
Teeo) | 7/ V2 Ipitial Fourier

T

Calculate ratio r(T) = 5,/s,

Modified initial Fourier

amplitude spectrum A(7) = )

T T(sec)
Calculate a new time history of E.M. using the same phase spectrum

L Design acceleration response spectrum
(Design standard of Japan Railway)
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For the case of Kobe Record
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Kushiro Record(1994)
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For the case of Kushiro Record
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Modeling of Phase Spectra
for Simulation of
Design Earthquake Motions

Single Source Assumption




Effect of phase on
earthquake ground motion
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Same phase Fourier amp; KUSHIEO JMA
| ) Fourier phase; KOBE JMA
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Same amplitude

¢ Definition of group delay time (GDT)

Group delay time

ty = dg’_(“’) (1) o Aolexplo)
(0]
= Mean value : Arrival time of energy of E.M.

- Standard deviation : Duration of E.M.

Modeling of GDT is easier than the direct modeling of
phase spectrum ¢ (w)

Role of Group Delay Time
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Decompositon of GDT into source,

path and local site effects

A(a;)ei¢(“’)

= A9(0)- AP (0)- AV (@) -exp () (0) + ¢P() + 6 ()}

(0)-52

do

tor

j j)(S j)(P j)(L
i (@) =t (@) + 1P (0) + {0 ()
(1) — ,,()S) (1)(P) +ﬂt(gjr)(L)

Hgr = Mg~ + Higr

(@) = (@) + (@) + (o)

Regression equation of GDT

H t(gjr)

(@) =P -10%M 4 g R4 4V H 4 k)

(@2 =all 10M + YV R? +yP H? + &)

M: Earthquake magnitude
R: Hypocenter distance
H: Depth of surface ground

* Number of data used for analysis

Table 1 Number of data used for analysis

Coefficients Number of data
(74 588
B 786
¥, K 1618

Regression coefficients

Table 2 Result of regression analyses

, 2 @2y

d o, B ] X a; A ¥z ]
8 1.350E-03 0.362 | 4.026E-03 0.250 | 1206E-08 | 4.163E-03 | 6.408E-06 142500
9 | 1483803 0326 | 4404E-03 2950 | 3.031E-06 | 3433 E-03 | 7.440E-06 109.490
10 SAIGE-04 0298 | 3345E-03 4712 | 1268E-06 | 3480 E03 | 5.913E-06 51128
11 B24TE-04 0286 | 2.180E-03 3810 | 5919E-07 | 3112E03 | 2073E-06 3018
12 6 .0B0E-04 027 LIATE-03 3442 | BROIE-09 | L76TE-0F | 4.627E-07 12476
13 | sss0E-04 0251 | 6.145E-04 3656 | SE0SE-08 | 6.257E-04 | 3.760E-07 11656
14 1.143E-03 0.280 | 3.723E04 3174 | S068E-08 | 5.S22E.04 | 3.724E-07 9915
15 LO37E-03 0.246 | 1.553E05 3169 | TOISE-07 | 9468E-04 | 3.673E07 12.376
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normal distribution

Propability density

Group delay time t,
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Design acceleration response spectrum
(Design standard of Japan Railway)
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EM compatible with RS
effect of surface deposit (depth)
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Concept of Seismic Design

Introduction of seismic design

Concept of response spectra

How to use response spectra for
earthquake proof design of structures

For the case of nonlinear design

Concept of yield strength demand
spectrum

How to use the yield strength demand
spectrum for earthquake proof design of
structures
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Definition of yield acceleration and
displacement as well as ductility

factor
/,,/"’i/:,)uctrity factor

A, =fe/m U= I'uy

/ Yield Acc.
A=f/m P
A,=f,/m 9()

A, =f/m

uy2 uy‘l U, u, U,

Concept of aseismic design for
a nonlinear structure

F=mA(T,h)
Bending moment at
m colum foot

M =Fh=mhA(T,h)
h M <M max

Earthquake Phase Spectrum
used for Nonlinear
Structural Design

Concept of worst earthquake phase

14



Clough Hysteresis Model
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Response spectrum compatible
earthquake motions

1000 —
% o W
o Compatible with Kushiro phase
-1000 N 1 N 1 N 1 N |
o 20 40 60 80
time(sec)
1000 —
% ° e
o Compatible with Kobe phase
-1000 N 1 N 1 N 1 N |
o 20 60 80

.40
time(sec)

Nonlinear response spectra

LA} I L) L) L) I LELELEL I L) L) L)

i -
osf 3
g i 350gal )
e 250gal

Kushiro phase
0.1 Kobe phase -
05 [ Ll l 1 1 1 l Ll ﬂ: 1 l 1 1 1 ]
0.05 0.1 0.5 1 5

time(sec)

15



Asperity distribution used for parameter studies
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Positions to simulate earthquake motions

12
|

) ‘ ___________ \_4 T

AR 3 y |
(-30.0, 0.0) } ! |
[ | L=40km ! |

|

Example of simulated earthquake motions

_ It Point A (30.0, 0.0) km-—
50 AA.‘MIIM m M

E ’ L
<

10 20 30 40

i Ll Point B (-30.0, 0.0) km_

0 10 20 30 40

T T
[ | Point C (0.0, 10.0) km.—

‘Tlr%g(secb | | | ! o
L T A P
! [ |

! ||

Point B [{'T ooy I

T dopy | Jrin

7 |
PR B 0000) 5 CRINER
| (-300.00 {0000) | @000 7
! ! L=40km
! L1 I | ! [ |
=

Nonlinear response spectra using
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Comparison with nonlinear response spectra
with those of observed earthquake motion phases

Thin line: nonlinear response spectra using observed phases
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Thank you very much for your attention

AHLBN AR RERD

Port Island Campus of Kobegakuin University
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