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TEORETICAL DEVELOPMENT IN REAL TIME CONDITIONAL
SIMULATION OF EARTHQUAKE GROUND MOTION

By Tadanobu Sato and Hirohumi IMABAYASHI

Synopsis

This paper presents a method is for simulating earthquake ground motions at local-
field points under the condition that the recorded motions are specified at several locations
and the stochastic characteristics of the field also are designated. The simulated motions
at observation points coincide with observed records. The state equation expressing the
spatial and temporal field of earthquake ground motion compatible with the modeled
stochastic field is derived by using the autoregressive process. A method is developed to
identify the unknown coefficient matrices of the autoregressive process from recorded time
series of earthquake motions at observation points. The Kalman filtering technique is used
to identify the best adaptive estimator of a stochastic field for observations made at
discrete spatial and temporal points. This analytical method is very promising for real-time
conditional simulation of earthquake motion at unobserved locations.
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Fig. 7. Sample earthquake ground motions obtained by Eq. (20). (c=08km/s, a= 0.2 )

_9_



10

18.21

TIME [SEC]
12,14 15.18

9.11

i

3

L

ARG KRR

8385 B-2 FE7.4 (1995)

.00 [Km/SEC)

C=1.00 [Km/SEC)

C=1.00 {Km/SEC]

w w)
Gl ™
- —
o~ ~
- -
N ~
[ ©
2 e
] ), R 9
« «w
= 2
"t ]
a b
- -
1 -
(2] Own
= o™
a | a |
w w > &
=, Z.
=7 e
-] o
~ ~
7 o
w -3
T T
- -
7 S
o L3
o o
< <l
[} ° e [} ° e ° .
F T T T ¥ r T 1 T L] F T T T T 1
0.00 0.33 0.67 1.00 0.00 0.33 0.67 1.00 0.00 6.33 0.67 1.00

DISTANCE (Km)

(i) The case of one point observation.

{ii) The case of two points obscrvations.

DISTANCE [Km}

DISTANCE [Km]

(iii) The case of three points observations.

Fig. 8. Sample earthquake ground motions obtained by Eq. (20). (¢= 10km/s,a= 0.1 7)

TIME {SEC)
9.1Il . 12114 ! 15;18 , na.lzx ) 21.25

C=1.50 [Km/SEC]

C=1.50 [Km/SEC)

o el
o o
g > 2 £ - ~
3 o~ g o~
g S > - $ < S " —
o 389 e
22242444 % ° 2 2 l2LLL < 2
S e LEeLLTLLY | SE RN B 3
FFPT T I Y » 2 g 3 )
d w < < ©
> 2 2
&4, o w w
S E 2 < b d
S S BgEESFF h b
; & L f 4 LNy - - b/
CEKNSHYBT B REL S et < o LY
;;4«"}"”.’".' le,-lﬁ g-‘: g
P L L LS L e 2 < 2
S o =,
FELS . £ 5 £~
- > &£ b >, @
3 5 5
™ 'y
- b4
2 3 2 o
' p ¢ & P 1 > P P
3 & ¢ & % o ) I < J
¢ (=3 3 o
el d
[} ° e [} ° e [} [
L T 4 T 1 r T T T L T 1 f T T T T 1
0.00  0.33 0.67 1.00 0.00 .33 0.67 1.00 0.00 0.33 0.67 1.00

DISTANCE [Km]

(i) The case of one point observation,

{ii) The case of two points observations,

DISTANCE [Km}

DISTANCE {Km]
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Fig. 9. Sample earthquake ground motions obtained by Eq. (20), (¢= 1.5km/s, a= 0.047)
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Table 1. Diagonal termy of covariance matrices for different number of observation points.

¢c=08km/s a= 0271 c=10km/s a=0l1lr c=15km/s a=004r
Before {Modified  Modified  [Medified Before (Modified |Modified  [Modified Before |Modified  [Modified  |Modified
ovser- |by 1 Point |by 2 points |by 3 points ovser- by 1 point [by 2 Points {by 3 Points ovser- {by | point |by 2 points {by 3 points
vatlon |ovservation [ovservations|ovservations vatlon |ovservation jovservation |ovservation vation [ovservation |ovservations|ovservations

1] 1.0 0.0 0.0 0.0 1{ 1.0 0.0 0.0 0.0 1{ 1.0 0.0 0.0 0.0

21 10 0.79 0.79 0.79 21 10 047 0.47 0.40 2] 1.0 0.84 0.84 0.84

3| 10 0.93 0.93 0.88 3 10 0.87 0.87 0.84 3 1.0 0.92 091 0.91

4| 1.0 0.94 0.94 0.88 4] 10 0.92 0.91 0.84 4] 10 0.99 099 0.92

5 1.0 0.99 0.99 0.79 5] 1.0 0.97 0.97 0.38 5 10 0.99 0.99 0.84

6| 1.0 0.99 0.99 0.0 6| 1.0 0.99 0.99 0.0 6 1.0 0.99 0.99 0.0

7 1.0 0.99 0.99 0.79 7| 1.0 0.99 0.97 0.38 71 10 0.99 0.99 0.84

8| 1.0 0.99 0.94 0.88 8 10 0.99 0.91 0.84 8| 1.0 0.99 0.99 0.92

g9 1.0 0.99 0.91 091 9 10 0.99 0.93 0.88 9] 1.0 0.99 0.87 0.84

10{ 1.0 0.99 0.84 0.84 10; 1.0 0.99 0.79 0.79 10} 1.0 0.99 0.47 0.38

11 10 0.99 0.0 0.0 111 1.0 0.99 0.0 0.0 11 1.0 0.99 0.0 0.0
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