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Ahbstract

This report deals with a method for representing the characteristics of the
strong-motion earthquake accelerogram by using a small number of parameters,
and its applications. This method is based on both the prediction error filter and
the autoregressive spectrum estimation method, assuming such a recorded accelera-
tion is a sample function from a second order, covariance stationary stochastic
process. Parameters which this method requires are obtained by a following
procedure:

1) The digitized acceleration is obtained by samplizing a recorded wave

with a uniform interval.

2) 'The linear prediction method is applied in the dominant duration of the
digitized data, and this data is expanded by the uncorrelated random
variables.

3) The covariance matrix of the prediction error and the matrices of this
expansion become required parameters.

There are two basic schemes to apply these paramerters. One is the appli-
cation in the time domain. For this purpose, the prediction error filter which
is constructed directly by these parameters, is used. This filter is driven by
uniform random numbers between zero and one, to generate artificial earthquake
acceleration waves with the same spectral density matrix representing an origi-
nal carthquake acecleration record. On the other hand, in order to apply these
parameters in the frequency domain, martices whose elements are autoregressive-
coefficients are computed from these parameters and are used to cstimate the
spectral density matrix.

In one dimensional case, various applications are considered. In particular,
the concept of virtual ground layers, the identification of a multi-degree-of-freedom
system and the ealculation of quasi-response spectrum are important. Parameters,
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which are coefficients of an expansion by uncorrclated random variables, are
equivalent to reflection coefficients in a mathematical multi-reflection scheme, i.e.
virtual ground layers. Supposing that this scheme is regarded as a system which
is constructed by random variables, it is possible that the system is used to
estimate ground accelaration waves which are predicted at each site. The
equivalent multi-degree-of-freedom system is estimated by solving the character-
istic equation which appears in the denominator of the spectral density function,
Artificial acceleration waves which are generated by the prediction error filter
are used to make out the quasi-response spectrum.
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2, o} 2B WA ZEME Gram-Schmidt iz L H A TH B3,

__Xk—1)
YO=xa—7]
V)= Xk—m | m— m=28, 1. (59)

| X(k-m|m-—1)]
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I,
Xk-—m|m—1)=Xk m—Xk—m|m—1) (60)
K(—mm—D= 2 X(k—m), V) V) (61)

L. 1 #LT M={V(n), n=1,2, ---,p} THEL, X5cHHZEM M, XK} TS
AR U,

B

X(kIp= 2 (X(kK), V(n)- V(@) (62)
L, LbAHA,
Xk | p)—Xk)—X(k|p) (63)
&g,
(X(kip), V@)=0, n=12--p. (64)

k. 6 fx Xkip) 2 XK © M, © F~0fEThH, B || XK—Xk]p)
BEPTT B EGsERT M, vk s Xk oRBEEHTHEEI LB R LTV S (RE.
Kalman, 1960). L7:2-7T, X(k) i

X(k):n.'zi (X(), V(n) - Vin)+X(k | p) (65)

F7— L BEEAS,
F7, Xk o M,_,={V(m), m=1,2, ---,n—1} 1= & 2iT{Ll%

K(kIn-D="% (XK, V(m)V(m) (66)
Lt hut,
Xk |n—1)=X(K)—X(k |n—1) (67)
Lk E,
X(k|n—1), V(m)=0, m=1,2---,n—1. (68)
THBHID, }A((klrwl) it Mo 1ok 5 Xk) OB BRI TCH S, Lichh-TC, 66) 1D
X(k|n—1), V(m)=0, m=n,n+l,++p. (69)

THBMD, (66) Ko MHEREE
(X&), V)=(X()—X(k | n—1), V(n))
_ XkIn—1), X(k-—nln—1)

= (70)
| X(k—n [n—1) ||
Ls . Mo, (88) REOPMEE /A bR b
(o) K V) )
[ X(k—nIn—1) "
LA B, (65) it
X()= 3 rn)-Xk-n|n—1)+ Xk p) (72)

bit

1
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Lled. Fhbt, {rm),n=1,2 " O KRB R F) (K (k—n | n—L) n=1,2 « s+,
p}mﬁﬁﬁﬁ&ké.Ltﬂqt

(r(n)-X(k—n | n— 1, rm)-X(k—m m—1)=0, nvm (73)
THLNE, FUEBIEEHE M < FEFREOIZ NGB S & & % sk 2 Hllind o, ¢

{X(k- )| (n— 1), n=1,2, . ,M#ﬁM%m4ﬂF»M%$%ﬁﬂ&t CSEbHfRZE 2
L.

3. HiEatan

HgifL“T%tﬁﬁ®ﬁ%U%%w?7t& KB > OS5 4 o -
FHEE L LT, San Francisco #ig (1957. 3. 22) & Golden Gate Park o REE A
1A, BREOB I ERNC I AL EEHREI RO B oic ot Tote, Thbb,

1&)%I¢S&ﬁ-X(b%fUI)mﬁch N=300, AT=20ms & L. (26) sto
BT n=01,2, ..., 14, DEFH I T p=12 pik ¥ 7= L, M=2 ©5 2

D9t:£xm?mﬂi74»5&,ﬁlmﬁ
Eéhﬁ%ﬂ7ﬂ_$%%&ﬂ?.%%@%ﬁf
B 8T €y N OENHBCHLA, #1y
MR TF A AR IS EA L b pes s, =
&§LW%EﬁW®#tmﬁLf,c@m%EA
LIz & A LR o,

B 10-1~[ 10-4 % 7¢ IR O EA 2 2 7 |
W@&ﬁwéﬁmx4¢%W$ﬁﬁﬂ%mT.ﬁ
IR T /(2 AT) T . HEHEEATA3. Hermite
ﬁﬂf&éma,%#ﬁm%m%@%ﬁﬁéﬁﬁ
%tﬁﬁﬁéhé.@llmﬁlmxajﬁ&%

mmt@9@74»¢m¢5ﬁ&:&ﬁﬁ%%t XkIp) Xokips
T, Mmoo dBRR LTG5, deEc B9 “HOCTFHIEES 4 o
i aT=20ms & L, 1,000 TR X Fig. 9 Two dimensional predic-

tion error filter

fb&.%*@%ﬂ%yf»@%$z&ﬁbwg
Eﬁ%%ENJNHNAK%HémEX4¢ﬁW%Eﬁﬂ&%méﬁf,@m4~®m4
7

H9®Aﬁ%d,ﬂM%Odﬁ®~%ﬂﬁ&Lt

» 2 1/2' ) ‘ ’
m‘[ﬁﬁﬁﬁ} sin (2z-5(k+-1)) (74)
( — (k)] -cos (2r- (k1)) (75)
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Table 1 Parameters of the two dimensional prediction error filter
n Fuln) J1s(n) Saln) Saaln) byi(n) bia(n) bsi(n) bys(n)
1 0.740 0.124 —0.008 0.538 0.749 —0.093 0.032 0.529
2 —0.709 | —0.100 [ —o0.010 | —0.633 | —0.715 0.021 | —0.020 | —0.626
3 0.367 0.043 0.008 0.405 0.359 —0.003 0.006 0.401
4 —0.380 0.183 0.035 —0.264 —0.387 0.120 0.072 —0.265
5 —0.112 | —0.002 0.015 0.069 | —0.116 0.044 | —0.007 0.068
6 —0.066 | —0.326 | —0.049 | —0.019| —0.069| —0.118 | —0.127| —0.006
i —0.098 —0.179 0.009 0.031 —0.108 0.036 —0.072 0.038
8 —0.149 —0.102 0.062 0.068 —0.167 0.181 —0.044 0.070
9 —0.085 0.148 —0.016 —0.182 —0.089 —0.023 0.07L —0.181
10 0.016 —0.114 —0.009 —0.026 0.019 —0,026 —0.043 —0.017
11 —0.023 0.117 0.011 | —0.077 | —0.027 0.033 0.051 | —0.080
12 0.163 0.303 —0.017 —0.171 0.183 —0.079 0.131 —0.181
~ 3610 392
2 az=| |
(12) 392 1571
Jd o2 10| gal’sec?
w10 |gal'sec
10—
10—
‘I —
s A1
af| 1]
01 f
| ] ] I -
C 5 0 Hz 5 0 5 10 nz 15
Bl 101 A-<o bR (GRARDE, NS 0.2 x-<s b FREERIS (LG, U—D
R )

Fig. 10.1 Power speetral density func-

tion (recorded N—S component)
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LYl galisec? w | gal’sec?
= O3 x](f
5 5

T ]
_5_ _5_‘
-10F 10k
| I Hz |
0 5 10 15 0 g b B
B 103 = e A2z b GREHE) B 104 7%y Fe a2z b AGREE
Fig. 10.3 Co-spectrum (recorded) Fig. 10.4 Quard-spectrtm (recorded)
400

gal

=400

200
gal

=200

B4 11 TPOCHEE (0-4 F5)

Fig. 11 A sample of two dimensional artificial acceleration wave (0-4 sec)
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xwagcu.sec >(]03 gdl?seéz
101~
10 _h
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1 — n
(0}
Q1
; i % . | _
Pl i 5 10 mz 15
B 121 A=z PR (R, N-S [ 12,2 =~z b ASEERE (R, U-D
HL57) Rr)
Fig. 12.1 Power spectral density func- Fig. 12.2 Power spectral density fune-
tion (synthesized N-S component) tion (synthesized U-D component).
10 Wi wsitan
qoltead] gal“sec
3
10 a0t
5_

s 'nﬁ( .lh 4 N
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_5_
-10F 10
Hz
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12.3 = - A2z b (HRLDR) B 124 797y Fe 222 b4 (FHE)
Fig. 12.3 Co-spectrum (synthesized) Fig. 12.4 Quad-spectrum (synthesized)
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A UOLOMSE I E, Sl oHE s v 24 (B, Gold and C. M. Rader, 1969) %
WA SRR U7,

Za(k | p)=[(Z(p))se] 2+ LK) (76)
< % Sy, e Eo)s
(k| »—[{z( j—etOis B2 ey o B0 g ) (77)
= e T S e

Fio, RILBLANE L HCHFAT 2 —¥Hicit
fl.l(n):bl,l(n) ’ fa,s(n)l’ba,a(n) i n=12.:-.,p. (78)

OEFEARINE RS, Tiobb, FESTET 297 A — 2 ici3 33) Ko RS
WALT 5. SH AT RIS 7 o v ok T L {RAR S DR S IR S o b AT
I

AR U B EE R L A L0, Chay T A -l Shsinb,
R ST AR L S YO0 E TORBEBR A REY B . CohlRitko=1f
BERC L7~V R Ric), WHURRERSICI57 ) - BB ER- Lo
D, TOF SR TABBR &L Tk s 2o b BE R T RS oA R L -
LTHY, BROBEEEY 7 7 AV L TR DB LI FELE L .

HENE

ZOWE T, FhOMSLTEEEY B, O R IIEE A oot
Sleolod, TRETIRME L fliz 2 Lo Al lfMY Lo TETHL. T,
T A= R TR S S O RN I OW TR BERT A THETH S,

E | Fd

FHFEOARCONT, MEEREOE L, M40 MERATEC 7. 7 UREEL 1.
T, ~RIGTHRET « V8 OMGHF~OEAX T - RO XEHIE D L e BEr
SHTHGL SFEFoOHF AL EHoBAER L 4. WATE - FER= (1969), D. C. Riley
and J. P. Burg (1972).
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