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A study on frequency component dominating over the nonlinear seismic response of ground
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Frequency component dominating over the nonlinear seismic response of layered ground was
studied by a series of equivalent linear analysis using program SHAKE for the level-2
motions. Responses of acceleration, displacement, and shear strain of a hard ground and a soft
one under six kinds of input seismic motion were analyzed. Six motions consisted of three
typical theoretical motions and three observed near-fault motions. Magnitude-adjusted
motions and low-pass-filtered motions were applied to seismic response analyses and their
results indicate that the theoretical motions are appropriate for the level-2 motions. Moreover,
it is clarified that components around the first predominant frequency of ground when
moderate motion incidents dominate over the nonlinear seismic response of ground under the

level-2 motions.
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FWTR-21 ITMRDOBEMEN Y bF 7 FRE D%
ZARBNGEMBEHICOVWTRT. BMIZDOWVWTIE,
DIP, STR K EHIT A A TIZ 3 Hz LA F OFEEER S T
BB T3 1 Hz AT ORI T Y 2 FIVDISEDR
B5N5. 03~05 Hz LTFORSIZIFEAEFTFEL TN

M ax. acceleration (cm/s’)
0 200 400  60C 0

Max. displacement (cm)
2

RNT EMS, AL 0.5~3 Hz, B #i# 0.3~1 Hz Dk
AKX THDEEZXS. SUBETIE 1Hz AT OAEK
R T PFIVDIRENESN, 03~1 Hz DRI A
TR TH 5.

ST, BB BAMOTHOEPBRTHEILEERD
&, BABOT ROV THRBROERENTES. B-22,
BE-23 iczhZh A, BEHEOMEEEEHEBORKRE
AT HEN Y b T BEROBEGRE 2 RREE
HBHCONVWTRYT. MEEOEABOT Aid A T
13 1~3 Hz D425, B #HIfTid 0.5~1Hz DD DAL
HTHBZENDLNSE. I5IT, HEBIIONTIE A #t
BTIEMERB & 0 HIERBED SIS, B ik TIdhiEE
ERBRDMERTH 5. THiTBEE 0SB EEEROEN
EabDEEIENS.

F/z, SUBHIZDWTIZ03~3Hz ETHRAICE{LL T
Wb, %£123.2 TRRZXSIZ, SUBETH 300 cm/s® &
B2DEREHERBAENED LZZEARTDESE, N
HELVNINPKEL RS EEFBENES, ABTIE1
~3 Hz DA, B 8T 0.5~1Hz DRV XEH T
HBHEEZLHND.

M ax. strain. (%)
0.001 0.01 0.1 1

4 6 8

B W

Depth (m)

(a) B ARINEE

(b) BAMERTEANL

70
(c) BAEAMDT X

BE-17 DIPED 7 4 V& —HICK DINE DEES G (A HE)

Max. acceleration (cm/s?)
0 200 400 600 800 0

Max. displacement (cm)
10 20 30 40 50

Max. strain. (%)

0 001 01 1 10
0

o

Depth (m)
N
S

W
o

(o))
o
T

(a) BKINEE

(b) BRI EAL
B-18 DIPED T 4 NI —HIZKBIEEDOEEN (B HA)

70
(c) BRAEAKVTH
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Max, strain (%)

Max. acceleration (cm/s?)

0

0.0

®
8

[=))
=
(=]

<o
(=4
yma—

0

0.01 0.1
Cut-off frequency (Hz)

Max. acceleration (cm/s?)
N
=)
S
T

Original

01l 0 1 10
Cut-

.1
ff frequency (Hz)

100

% 800
g .
< 600 STR#
-]
S
400 | T
KY)
[}
8200 }
;o 5 Qriginal
5 1] -l
= 0
001 01 1 10 100

Cut-off frequency (Hz)

Max. acceleration (cm/s?)

0

Cut-off frequency (Hz)

BE-19 AN EHMEOMHEE &Hy b A 7 EREOBR (A H)

Original

001 01 1
Cut-off frequency (Hz)

10 100

o0
(=]
[=1

=N}
(=3
[=1

=
S

Max. acceleration (cm/s?)
3
3

001 01 1

0

10 100
Cut-off frequency (Hz)

Max. acceleration (cm/s?)

SUBii
| t
Original
001 01 1 10 100

L |

0

Origjnal

001 01 1

10 100

Cut-off frequency (Hz)
B-20 ASEHFBOMEEE Ny M T EEKORE (B H)

_10 — 60
i B
B, |
= L
a4t a
4 i 2 20
~ 2 <
870 ¥
=9 = 9
0.01 0.1 1 10 100 001 0.1 1 10
Cut-off frequency (Hz) Cut-off frequency (Hz)
(a) A A% (b) B H 4%
B-21 ROBAL &Iy M A7 BEROBRGR
1 10 10
£ o1 € 1} g
,5; § 0.1 g 0.1
@
% 001 g . ¥ 8
: 0.01 0.01
s | —&— DIP = =
—a—ST
—o— SUBY -
0.001 i 0.001 0.001
1 10 100 00101 1 10 100 00101 1 10 100

Cut-off frequency (Hz)

®-22 AMBOMNMEEHMBORKEANOTHE: E-23 BHBOMNSECHUBEORAEABOTSLE
Ay b A 7 R OB

Cut-off frequency (Hz)

7y A T IREE DOBILR
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4.1 FEREBEICKENZRRBRS DB
METIE, AJHMBEON, AT 1~3 Hz DR

A%, B HIETIX 0.5~1Hz DRI VHIER DIERMBIEEITK

RATH D Z EMbM ok, ZNS ORBEOEKEE X
5. @12, B-13 OEEEENS Ih5 OFEKE,
BIRALDKRE BAKE EZOMBOTRARKTHS. £
Te, ALY — BR & <D & T ORI BREICS
5. Tiabb, WHEITSBY 52 ABUTHOMUINEED
Mo i, WRIBICB Y B B ABOTADHUIEE
ST, ZHE, SEHRBHETTHE, 208574
BT B TR END HHBHSEREINTRENS
THD. WHEWRER EVBBDF—F—IZOTHAK
ERBE, E-10, B-11 -7, B-18ICRoN5X
STV THOHNIELS 25,

Thbb, BROERBISEITRMBRMNI, R
bl ZOMBO 1 KERFBEHALORS THS
&, KERMREOUVT A% I~RBEERELZLE
ORIEEAVTEEThEENEEXS.

4.2 EMBTEBAICHIT3ERBBRS OB

RIEI TOEBRIT DN TEMRTAN BT 25 AR
RODEWREEZ, MO EDHBETS.

SRR, 0T AORE SITEKETIHHE SR
BESMGEHAICERL LS ET5HDTH 5. BEEKE
HTO—RTEHRKNERIC X S SHAKE T3, B
HWELURBWRIEZRAL, RELEVTHORES LBE
SFETELNZVTHORESINHFBRENITIIRT S
FTCHIEEBEEZBMLIETRIELENNTDONS. £
7z, AEEERTRONZOTHE T THERICK S
TOTHBEREZRDT, FORKEICEIEEZEZRUZ
BHOTHNBRINDZIOTHERD.

DT BERABOBRAMEIVTHARY MIVIREORKX
ERZBHEBENEENTHD &, i, BRROEBERK
BIESHBOOTAOHEBEHRIIREVWIENEISN
3. ZORBIIENE, OTHOBKESED 1 RE8
EEEP AN BB OT OB LB BRTOK
EILEARINDEEZSNS. SHAKE 380 1 K&
R BB E DOERIIREN R B 2 WX KB R K E N
HOHRHIRE 2 SMERENTIFEL &5 &3 2@k
ThEHERABIENTELS.

UL, SHAKE IZiE, Al L7iz& 5 EmHpeT
Sz, HB D 1 RAEBIREI K D K E 72 A BB ES TR
HEESBEZBAICHET S5 LNIRENHZ. ZOK
BERRT B0, KFE T, OTHOIRYT ML
BERICKREEKETZ &, AEEEROBITHZD
THIEERBESAERCEITMYI L TRAB ZEREE
U SRBERILECENTNOOTAERICH ST EE

EBIGUTHEHOTHEEEL T, ERAERIEICRRS
it S BT E R DL (FDEL) 21Uk, o
1 REGEER X 0 EREEES TR REDE N
RS I RS R BIIR WD T, SHAKE KM LTE
AEEERTOTAICERET DRI EREOVROFE
ZRBLIDETEZHLOTHS.

SHAKE DU LD LS, SHAKE ORHE&E
FNZRBRTH—FHEE L TO FDEL DFEEIZDONT
BAREM, BEFHZRWBRITTELIONTVS LIV
V2 HBEO T TIEE ORBRBEENRTEEN, 20
BICREEEERRSOREBIINILBEEEIENS. L
it T, D 1 REBEEEAEDFERBIREEE D
BWVITRERIE R A E TR O IR IS E & Sl eI F
flid 3 2 &, BROIERERE OBERFECEI RAH
HBHREOLDOHBHOREHFECEATHL L
EZiohs.

5 %5

ERETIE, BT EI A (A 1) & HBkE

7pide (B HR) DO OHMRITH L T, SEREERIC
KO HIBIEEHEERB U, RN, LRI E R
BB 3 GENTEH : DIP ¥, BThWiEE : STR %, 18
ERMB : SUB ) IKMAT, 1995 EREREHME
DOBICHER— 74 5 > Ritdh7o9m OEREED SE
BN BEBAGH : MPI ¥ & 1999 4 bV I HBOBM
WTHD SKR %, 1ZT OB 3 bEALE. BKR
INEE, RABHN, BABAMOTAOBEIERLT,
BBREHE L ZOERBEHOFMERFNLE. Bo0
FHERIIROBOTHS.

1) BERZ ABBORBHREIHBROBVEHEVE
BXNTANBERMEEOKREINXRHTHDD
LT, HNICEREBOEVWRKER B HBD
MBHETHBRORARY MIVREICRESHEE
2V, FHAMNEICERE R TIIREITH U TIERE
{LOEENRKEN.

2) ANBAMEEZBLITHRLICKRES LEHAR
1%, SUB ¥, DIP #, STR I DIETHEEWLLIHE
DOEAMVED. BTHSBETH 3 NLIMBO SKR,
IZT HRBE I N TINEICE S STR X D/
TN, AHOKZEZIOBRWIZELBIIEEDEIIZ
STR KEMI 5. %7z, MPIIE STR BICEML 7
BTHD, BITNBBERE S STR HOELO#%
FiITN 3,

3) HEBOIERWAIL, 200 225 300 cm/s® 1T TihfR
B OFERALAER, 300 cm/s? BLETRBICEES
NBOIH LT, BHIE TR 400 cnys? BA_E THEME
{EHEds. AHINEED 400 cm/s? BLEIC/A2 B &L D7z
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LRV O BE I L Tid, BB OERBIENE

B T%%, pp.1-6, 1998.10.

BLRBTHAD. 6) ERAHBREE  ETHOBRIERENS RTv s

4 HEORERALIRIETHBBOR NS h LA

(KETHR), MERRBANIZERS 57—, 1997.

LT, BRAMRSE22<SUHBHIEMEER 7)) MIOXNEAKERE : F—LR—-D

BOEMIZES HBOEREAENEL . LIL,

http://angora.deprem.gov.tr/augustl 7.htm

ERBROFG MBI TH S LRAMRSOEHT B 8) ¥F EX, &H ME BH BX: AR EEER

BB (SUB ) T 300 cny/s? BA £ TRABICIERTE
{ERERTSOICHLT, EARSICHATER
BB OB HBRENARY MR 2 OB

(DIP #%, STR #) T, 100 cnys? A ETIERAL
PEOOIEMNTH 5. BRE TS5 &, MPLE,
IZT ¥, SKR W DNETIERBLNES, MRTOE
KINEE, BREMORNDIEIZE L.

5) MEEREEZZLIELEEORZRMORMB X
VO—XA 7 4 I -l L RRNE ENEY
OB OMEMN S, BT, 300 /s’ 2R B LS4
MBI T, HLEWEE A BT 1~3Hz, L&
FIBCE S B #8 TH 0.5~ 1 Hz OBBEER D AIFE#R
BEBICKENTHY, TN5OBEERMIIIER
FEEOMB O —REBRERBICHYET S Z &80 H
ol iz, RELEEERHMRSOFTENKEN,

W

AWEE, (R TESICRBS N HHEEY~D
REABANBBHICHET SMARAKERAKEREE
FEKRZY KRB BN TEBLZDDTH S,
REEBIVRABMICHEZRLET.

B3

1) KEEH#, HH 2 :nB80REEs B0k
BREBICRIETRBICET /R, TRERE 51
EERFEMHEES, 5518, pp.352-353,1996.9

2) THREMNOREBEATMBHICET SMAEESR

T RASHY 2. BRERICHT B LEEY OB,
VR 2 RIS 5 LEEY OWBRE #HEsT
FA b, HMTH¥2, pp.119-245,2000,8

3) Schnabel, P.B., Lysmer, J. and Seed, H.B.: SHAKE - A
computer program for earthquake response analysis of
horizontally layered sites - ,University of California

_ Berkeley, Report NO.EERC 72-12, pp.1-54, 1972.

4) & H—BR, WEE FE 221 SERBRINCLS 28
BOMBOMBINERYE, LAV 2 HBICHT 5L
EYOWMBERE S ROV LABIVHERTFAE,
Hidg T %K, pp.125-137, 2000.8.

5) FIE, LR BENEORBREEZZEL &
BEEHMBHORE, LIREVOWMBHIITANSD
LRIV 2 BB EE X 5 VRV U LRRRXE,
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USO8 AT & 5 i O BIS S BATEICET 5
—E& TARERHRE, No. 493 /11-27, pp. 49-58,
1994.6.
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