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SIMULATION OF EARTHQUAKE GROUND MOTION FOR SENDAI AREA
BY THE AR-MA PROCESS
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Earthquake ground motions for Sendai area have been studied.

The earthquake motion is modeled as a non-stationary second-order

auto-regressive moving average(AR-MA) process. The accelerograms are

simulated by considering the ground motion as an output of single
degree-of-freedom system excited by non-stationary white noise.
The results obtained in this study are summarized as follows:

1) AR-MA parameters are estimated from a sequence of data by solving
the Yule-Walker equation and by using the concept of maximum
entoropy method proposed by Burg.

2) The filtering characteristics such as the natural frequency and
damping ratio of single degree-of-freedom system, of which physial
meaning is clear, can be derived from AR-MA parameters.

3) Earthquake motions for Sendai area are simulated after conducting
regression analysis for the nonstationary characteristics. The
procedure can be applied to the simulation of a future large
earthquake by specifying and providing magnitude and epicentral
distance for Sendai area.
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Fig.1 Flow Chart For Simulation Algorithm



MIBTIQEW

Observed
Acceleration lu y
(em/s?) : Wﬂf Wl( \ ’“MN {lr?ﬁl‘”ﬂﬁ Yy
Time (sec)
Fourier o 10
Spectrum -
= (cm/s%%s) ¢
N Frequency (Hz)
3 L uw ‘
& VYule-Walker ) ';Tl\lll"rﬁiv‘\hﬁnf ’H‘u"/ e bt ‘Jhﬂlk{“’ﬁﬂjﬂzﬂ MEM
= Simulated %Acceleration (cn/s?)
“l ’4‘1 AﬁVﬁW%(wb_—— ; uilw w
i W T ,}l ‘ ﬂ w 7WWW\JWW‘*
’5 Time (sec) Time (sec)
% e i ! ! ' .‘ T T T T T
\5 Fourier Spectrum {cm/s2*s) 40
- ”l “ ” Frequency (Hz) WH '| Frequency (Hz)
] b peih ol P )
'jc; ™ it " '”0“' WW* g ﬁ“ (" ! ff thrhl‘le’runW\(\w_wmmm
w Envel oped Function

Time (sec) Time (sec)

T L S— | S S

20 lPredominant Frequency 20 10
& i/ 5 \tM

- Y S

M U ltﬁ*lc_,—»

Time(sec) Tlmp(sec)
T 20 T '.“ T T
Damping Constant 20
<= - — —
»J“P“—“\W ] AR
1 ,T“"e k‘,ec) S Time (sec)
20 40 Y

Fig.2 Yule-Walker and MEM (Burg)

ATy, BHEOREA2> £ < BRL -EENBESAENTEZ 2L P¥bP 5. 28, NfoTs (N 7
— ¥, fo; EEESH, Ts: v 71U Y IHER) £UT, Yule-WalkeTld 200BBESHETH2DITEA
T, MEM Wk 23BARLY bub—RE2AN2 L, BT —2 B 2NWRETOLHENARETSHS.

3.2 EERLAEHEEHEBEEH

EGERME  (1989.6.24,M24.1, Acc.max =37.9gal) T B\F ZMIYA, NAKA, DRIDDEEH A AW T
£(t) = Taexp (-fat), h(t) =haexp (het) OFACR/N 2 TELIL TR (t), hit) &Fig. 3 WRT. (1) »8
BOBRBE L BIETLTWL DR, TEEB4TEXREHORYSRLV» ST, REAPESPEEL TS
EHTHS. t=0BT 2HEEEIT. MIYA, NAKA,ORID T#HFh ha =53,20,24%%RT. ZOEEE
BHBEEORBE LOICKRELL 20, TEHETETHEHORBS/NSS 22LDTHS. IEL,
ﬁﬁﬁﬁuaﬁveﬁﬂﬁif®$%%ﬁﬂlEmﬁﬁaam## , —RRCRHZCICHN SN A HIBO
BEEM (5~10%) & %@&&@T%&m.h%&%@%b@ﬁﬁ(ﬁk@@ﬁﬁ%%m%ﬁﬁ)%%

—611—



APEA, 0%HBIEASZELEENARVEELTNS. SHIRSIIMBORBEASNSVED, Bk
B S AR 2I 2 o> TWD, SEEOHMBEHIINET 2BHHAD> 5, 5 1EMEORID (4)
OEMIEEEAEL 252 L ATREL 25, B2 EMBONYA (O) OEERIKOFTPE L> TS,

Z it ORID OEBOB(STFEUEICHEATNS RO THY, HIEMBL VD LD, B2

. Nonstationary Parameters
NWeZzen5. Table 2 y er
= n (Observational Seismic Wave)

g @ Ol g719 8721 8724 8739 8740
>
7 o 1l ) g s tp 8.64 7.28 10.6 10.5 5.64
§Z'H RSO0 e 5 00 v omax | 4.44  1.49  4.97  1.08  3.48
gﬂ]A.nrm—sn,r@,mrrﬂrm"e)'(‘;*:(b‘@?@if@iﬁ!:@i8:’@;8,878: fa 10.67 10.48 9.82 8.66 11.60
[T fs 0.017 0.009 0.016 0.019 0.020
58— ha | 0.757 0.676 0.500 0.768  0.475
“0.00 8.00 £6.00 24.00 32.00 4000 hs 0.008 -0.018 0.009 -~0.017 0.029
TIMiE (SEC) 8. 0.018 0.002 0.015 -0.019 -0.038
3. Int " O MiTh (2ad) i 0.037 -0.003 -0.027 ~0.001 ~-0.164
o ntro.remarks n
O NAkA (3rd) T 40.0Q 40.0 28.0 30.0 30.0
o A ORID (1st)
Z. fieation t inic @ :Record Number of Seismic Wave (MIYA,EW)
g fst ~ird : classi lcaxtmr?,_?qr,wsﬁ;il @ :Nonstationary Parameters
€ o [0 r-m-0-38 £-14
S em megen @ onow 00 . ) o
S (r=d=d=t-&- aAm‘@»eﬁ»—@——W@::a):ﬂ::des‘igﬁ PIRR Table 3 Regression Coefficients
R R S R /"7“]' T T YT Tk I
0 00 8.00 H) 24.00 32.00 40.00 @
T [M[ (SEC) @ B1 Bz*M Ba*log (R+30)
Fig.3 Predominant Frequency and Damping Constant
in the f=faexp{-fst),h=haexp(hst) 108 O max 5.21 0.441 -3.333
log fa 3.31 -0.020 -0.921
3.3 HWEETHTTILOMER log ha -3.76 0.059  1.28
R 5 > a1 t, -71.5 3.41  26.2
AR-MA F7EDFlow chart 10> %, AR-MA {REIC & o 0039 -0.002 -0.003
HENDA=IPRDOSNTHE, M, ATRHESTE ha 0.723 -0.002 -0.306
— SN N 8, -0.659 0.060 0.128
% - == SAI S A <
o, 2hEHVWTRE FREEEZKRD S Flow o 084 0.03L 0105
chart #Fig.4 ZRT. KEEH L LT, SEHEOEM T -151.2  37.1  -13.9

HigE (19878 4H» S 108 MIVAQENTEM L7 g, Regression Coefficients
M=5.8~6.6 OHIE) OIEEE NS A -2 % Table 2 @ : Nonstationary Parameters

2, BYRSHIER % Table 3 WRT. MERORBIAH Esaéﬂ

ZHW, Mz 6k L, A% 454 (60km, 70km, 90k, Decision of AR-MA Coefficient by AR-MA

110k) 4225 2 C 3R 12 B TR A Fig. 5 WORT. ( e S

B LD, TRIERITAOEIZEWER ORkFE o o] FrECMInEIE Freauency (0 hexp(-fa)

FEE ﬁiﬁ <Y, ﬁﬂﬁfﬁ?ﬁﬂﬁ bﬁ/J\é <hB ﬂﬂ%@'@j@—ﬁﬁ Ao /3?2??2”9 Constant *h(t) ~haexp(hat)

FMEAFBRL TN, Modeling of Sefsmic intensily  29(0 7w (t/t)
RIT, WEEBTHEEOILEARY L (h=5%) % Decision of AR-MA Caefficient by k

Fig.6 {ORL, WHIETHE VIERHE (DA ' e feeon b

W&, P22/ PP.142~147 ) QHHARARY 'W%ﬁ%fo”

ML (B2fEE) cHT 2. ARAS, SEEE PB4 B+ BrlogCat 20D

for to, fa ho, Br P2, T

Ul FRIETROIGE AR P VERFICHWS N 3 1H
) /J\é NCERhRB. & 0)%(&]](&}% i3 MIYA ’C% ( Decision of 51, Ao, Brlog(A-+30)

G, fa, Pa, T, ta o, B B2, T
BB s NRERABCERINZLDOTH IR i T _
S, Z{EE(E[ WCR->TE 2 IFE 22 b LD 7o T Simulation of Seismic Wave by AR-MA {

Parameter M, &

M uéﬁﬁé NTNWAZEBHPS. Fio T Flow Ghart Tor
[E”J the Simulation of Seismic Wave

—612—



150 (@ a-65km. M~6 “707‘ () a=km, M=6
5% | W
e |
% <0 . ——————
g
kE o) tne L) ey
1 20 30 40 10 20 30 40
dNJ%
e |
53 15W 15
g | /\/\A/W\N
[V ]
O T R 1'0 o "B 3 10
Frequency(Hz) Frequency(Hz)
< (©) a—-90km & &=110km
5%
@ \g/ ‘ W w
% " ) i ﬂ ‘ k
7 -20
< -
Time(s) 23("”‘/52) Time(s)
y i ’ T v : 7 S B S
B T 0 a0 10 20 30 40
Teg ! 51
587 ? |
N A M an
- 1 T i i
0 7—’7—2.%‘ T 5\ —— 8 ; ﬁﬁ— 8 10
Frequency(Hz) Frequency(Hz)

Fig.5 Simulated Acceleration Fourier Spectrum (M=6)

, ./F@_ oS00y
(b) & =70km
300 M=6
oo Specifi ,at' n
e ecificatiol
100 oo e

Acceleration(cm,/ s

S P
(c) A=90km

Specilﬁcation

Acceleration(cm/s%)

- L
0.1 0.5 1 2 4
Period(s) Period(s)

Fig.6 Comparison of Response Spectrum, M=6
(Predicted Accelerogram and Spec.of J.R.A.)

—613—



4. i
ATl E O MBS EEHRERICAR-VA BREAEA L, SEMEHNAERL . KBTI L 28R

HEERTAELUTOL IS,

(1) MEM BB T — 2 B0 NBEOHEPHRETH 2120, Yule-Walker L D BHNTH 2.

(2) AR-MA [RE(» SREEMICKD 2 EBIRPB L BEEH OB ITHBERO —RIEE L HEL T3,
Thabt, TEHATELEHOERELHL VLS, ERAYROSEBL T 210, SHiREIEARHE
OREBEELIETL, TEHATECREN NS LD, BEEHIBHORBLE £ bitkEL
A

(3) 2o TH-12—EOFIEICLY, YV F 21— FMEBREEAX 252 NE, Billlha (II&) oRi
ERBZREESRkDOONE. CORE, BREC2THAHBROMEBL TOHBELEE TN, il
EHTEONIZBEOY YT UBERTE 5.

(4) ERBEROBFHANS PV, SERD LEZES FHIREOINEANR Y bV EERT 5 &, Zfl%
BExzTtwas. L L, RESEMIIBShLEEMENG (J204) T, 1978F 6T E EHE
MHEROREL L ORFREESNTES T, RHBDEARSZ PLELT, MERIICERT3IC

SHLEEBNERT 2 EBMETHS.

MR s I RE RAINE AR MViEE, REEENT1 BHERER -0 THS. BMZIRY
FRRE—FERETHICLTIEREONBIRBELZLOTH 22BN ETHLRY. KFHELE
BHNEBOMERICAR-MA FEEFIAL, ChiafE  RHREROFRELET ST RLOTH L, H
WD 4Ly — B OCEREONELEENICET M ELLELOTHS. 20D, 745 -
ANDITBHETA M)A XERELTWS. UL, KRANTTEROBIEBR ICED L RMEERS
FEnndhidhsizn., 200D, HEERP ST 4 LI —HFHOH T2, AIOREERFE F
ETEATVVITYLLEEETILNEND S, kd, RHXTHERL -HEBHEESL, BRABREN
TR E (i) BEIRERROLREFFRE L TERIN TV 2 EEEEERIEEC LV BONLHLDT
bob. RBEOEECH > THARBENE, TBEEREHIEEEERER] ( 1987~1991EE) »%
BINTNA.

& E X W
DEFENIER @ AR-MA FiEAERWLCERYBHOER, BERFEREBR (19908FE87+ -2 4)

{1990.11) ,PP. 1~12.

)Lﬁﬁnﬁmmx:mg BEBNSEECE T 2 HEEEE (B2, 63, ERTE, Ft 2EE) .

) (B1) BABELYy—  FHBANHMESMAERES FHIEERREHREE, (L 3 3H)
iﬁ%z,%%ﬁﬁ,&*%ﬁ.Ea@m-%@xw&bxé%E%®§mA7x—¢®ﬁﬁ,ﬁ%ﬁ#
B SSFRZERTAESR 215 B-2 (BBFNS34E 4 B) , PP.1~22.

) BEFEE « AR b OUVERMT, FAEIE (1986.3),P210.

8) TIKE=, FREEME, BEME RIS BT A MEBESEOWNEL ZOAKET 2%, RumE
ERARER, (M) BXMERs, (1984.3).

NEAE  BERRT R L 2RBBN, BELRS, OBF49EF 8H) .

8) EAHE  HERMF R L AWMEHENT, BEHKRS, (BFISME 6F) .

(19924 9 H21H =4

—614—



