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COMPARISON OF EARTHQUAKE GROUND
MOTIONS AND MICROTREMORS

By Kojiro IRIKURA, [Junpei AkKAMATSU and Koji MATSUNAMI

Synopsis

Microtremors were observed at the earthquake-observational points on the ground and
the rock and at several points in the vicinity of the observational points. The peak frequencies
and amplitudes of the spectra of the microtremors vary with the thickness of the deposit
layers. However, the peak frequencies of microtremors are not consistent with those of
spectral ratios of S waves between the ground motions and the rock motions. This is partly
due to the difference of the length of time window for computation of spectra. Moreover,
the difference of the nature of microtremors with that of earthquake motions should be
considered in estimating amplification characteristics of ground motions.

1. @ U & I

HEROHBO BB AT T B 00, HREET FHICHUE L, HiSsh s s BR+RNY
BLEMBRELIND, MBBELRETSHEL LT, KEBERSICLIMBIEENET N5 MK
BORINEERICHNE L, BHHTEIRELEIORRAE & ZRES CBREMSOBEORE S S0ONIME
DHY, —BCBFEEOERIRETH 2, HiEd SHENHBREEORBOD S ThtifickTs,
RERREAOCAEELSICKD, PEOBEZRHONGY, BEEEm2 LICEER SHEOBEDHE
HHNETH D, H-TREDE CAMBEET 2HRICHT 2 HIBROBHE S AR 5L, BRECHE
JEORSDRIZZHE FICENTEBICHBERABH LT, MBS NEHOBRORUNSLELSH
3D, LhLEH5EHoMrVERAESOEEEREHS, BEl ARBREBRURBEUNELT 2,
I THERBRHOMBNEEERALS 3, JOEHETERASESBBHEENB TN, HURBERIZM
BOBHEUER B DI BENLHETH I LR EHEINTOIZ DD, FEHE LTOXKICOVTE
SORERMNHVDO, # / 4 XFEDE L FET TR TIHIREFED 7 v & 285 O, ERHNES
HFICOOTHE S ORIBEEANH B0 1 > THMBEHIC X O HBRIEE S KOBEREEOHE £1T78 5 1M
LT 2RI U BRI kB KU AR SRS SN2 BREDH BT,

WEBBASTESN A HERFIHEHBD D v £V 7 OBIRAEEED irregularity (C k3 scattering
ZORMRICLBEREZI TV EHANH 5, MRS L HERSOBRREBKT 310, T U HICKRER
ATOMBEHROZEEN—FIIC OO TOBKBRE L IS, MENBRS X2 0RE NS T o RSE R
Ick D, BRARMOERES RO —BEDBEBRIIKEREI NS,

PILOBET, FEEHBEROEDILEICA BT 3 RATERHBAROMES LCIEEL 503 LB LU
HH# 2km OFFHE L TOMBHREREME—HTT Abh - EBRBBERAORKESEBRES N,

2. BAKEBATE
Fig. LICBRIROIEL, BER 0r—Co 1C# - 7 HiBRBD profile 29RS N5, T DOMEIOHERLE LTS

_1_



2 FURBIE WA REE185 B (RE50. 4)

Fig. 1 Locations of observational points
and vertical profile along O,~C,

line.
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Fig. 2

Fourier spectra of P waves at rock
site, thin line, and those at ground
site, thick line. No. 74-107 ; epicenter,
near Gifu, ts_p=8.9 sec, arriving
from hill side. No. 74-133 ; epicenter,
near Wakayama, tg_p,=12.7 sec, arri-
ving from ground side. Lower : spec-
tral ratios between ground site and
rock site. Dotted lines show theore-
tical curves calculated from analytic
model with flat layers.
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Table 1. Layered model at the ground in the calculation of the theoretical curves
shown in Figure 2 and 4. The values are determined by means of
véxperimental measurements such as seismic prospecting and seismic
well logging, except for the values in parenthesis.

Thickness(m) P Velocity(m/sec) S Velocity(m/sec) Density(g/cm3)

3 1400 250 1.7
12 2100 440 (1.8
6 1600 320 (1.8)
11 2200 580 1.9
8 1700 460 1.9
330 2000 580 2.0
4400 (2400> (2.5)
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Fig. 3 Lowest peak frequencies (upper
figure)and peak amplitudes (lower Fig. 4
figure) of spectral ratios of P waves
between ground site and rock site
as a function of epicentral dire-
ction.

O :ts-p>8 sec, @ : ty_p<8 sec.

Upper : Fourier spectra of S waves
at rock site, thin line, and those
at ground site, thick line. Lower:
spectral ratios between ground site
and rock site. Dotted lines show
theoretical curves calculated from
analytic model of flat layers.
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Fig.5 Lowest peak frequencies (upper
figure) and peak amplitudes (lower
figure) of spectral ratios of S waves
between ground site and rock site
as a function of epicentral direction.

O:tg_p>8 sec, @ :t5-p<8 sec.
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Fig. 6 Examples of the records of microtremors
simultaneously observed at O,, G; and C,
points.
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Fig. 7 Fourier amplitude spectra of microtremors simultaneously observed at O;, G,
and C; points.
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Fig. 8 Comparison of Fourier amplitude spectra
of EW components of microtremors obser-
ved at 6 points where the thicknesses of
deposit layers are different, as shown in
Fig. 1.
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Fig. 9 Spatial variation of average amplitudes of EW components of microtremors
passed through various band pass filters.
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Fig. 10 Comparison of band-pass filtered
seismograms of microtremors bet-
ween C; and Cg points.

Vo ZOREICOWVTIEAE array BRI EREL,

WEIORMAHE LM TEE L OBRETMICGERT
Biclt, BEOEBEPLEHNEEREICONTOR
BEDREICIE 5T B, TCTZAMEBERICKDE
&N MM Sz DT, band pass filter 2B L /-
Fis%k & D particle motion OWENNLEKSI N3,
Fig. 10 iz Cy A& Cs A band pass filter I /o
FEGIRENE, 0.4—0.8Hz @ band Tid, 23t
EOWHRZHAFL B LTV S, 0.8—1.4Hy,
1.4—2.0Hz &(EAREFERICOCIKRE-T, WO
KIHEBL LT3, C AL C & C B G
BB XU C A& C st 20T ZEhEhERD L
BORER, BEOMGEERERERRICO CRES
3 LR, BRERIOBEEIRE (LIREIL2,
T2 b R E O ZERRY TS — RV SRR R A R
BEHEE BREBICERELTE D, BRIATEORANE
$h5d SHy PITOEAEEIRICET 3R D 5 &R
LTh &l

Fig.11 iz Cy &5, Gs Ak LU O QIL20T,
band pass filter 258 L /- E 04 & particle motion
diagram pUREN B, C K& O ARIEHK 2, 000m,
Co A& G; SMIZH600mTH 5, 0.4Hz LITOREH
B DO TR = RS RRR O MEIIE L TE D, K
SEHE N particle motion & (3 IZEAMOEEH %2R
LT3, ZEAD VBEAOMMEDEN b EmE % K
ELTHEINS AR, KEBARO particle
motion OFH &IZIF—H LT3, 0.4—0.8Hz D
BT O, i Gy ARSCEEOMMIR L CHIBLT
Wah, Co STEHEMENENTED, (HENGRE
b B{EFEA AT particle motion DHHE KT L b
—HUB, 2D LZBREFRICKD BEENE
BB EICLBDh, HBEEDKFES H O REREIC
L3005, SEOHA»SIIChL ORI TSR

WEOMMEEERD B E L, RHIOEMBEEY

e B licky, MEEHOEEHE L TOREIC DV TEHEREERETE D,

5. & b b [

oMl L CELNAMBRDOR RS bV EER ETOARZ b DR DRI O MSIC & B I8 T
koo S EICOVTHMEBBD R <2 FIVHIETER GHEHD 25 Bikd 2REDEAIC1.0~1.5
Hz ich Y, FH CEERAD »o3RT 2ENDOEEICL 5~2.5Hz 1ch 5,

MEHEROT b NI HE LOBRAIE C b LU2DFIHIRT, EHBBERFERESN, C STO
WEYDR 2 b it 0.5~1. 0Hz DORICEEE /S peak ZFH LTV 5, Cp SAE0BAIA (Fig.1d) Cy, Cs,
C; BXU Co &, Co—Cy MIIMB00m) THONIWHIOR RS b v bERKLE peak FREEERT, T

_7_



8 HABRNFFTFEHE185 B (HE50.4)

0-0.4 HZ B.P 0.4-0.8 HZ B.P

g kine # kine

v Lo N v Lo
S

3.0 &—c\/‘w/\/\/\/\/-\-\ 5.0 bﬂvav\/v@\/\/\/\/‘

o N—E \3\ o @_E \ 7

! i
co - d
co;oi) N X\\\ co%%/] 7 %
[
A

‘0-4sec 4-8 sec 8-12 sec 3.0~~~
0-4 sec 4-8sec

Fig. 11 Comparison of the seismograms of microtremors and the directions of the particle
motions passed through 2 frequency bands, 0—0.4Hz and 0.4—0.8H3.
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