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SEPARATION OF RAYLEIGH WAVES FROM MICROTREMORS
OBSERVED IN THE SHANGHAI PLAIN

By Hideo Sarro, Hitoshi MoriKAWA and Junpei AKAMATSU

Synopsis

In order to examine the applicability of microtremors to studying ground vibrational
characteristics and understanding of subsurface structures, we separate Rayleigh waves
from observed microtremors. For this study, we use the array data of microtremors
observed in the Shanghai plain in 1993 ; this observation was carried out as a part of joint
research project with State Laboratory for Disaster Reduction in Civil Engineering, Tongji
University, China. In order to ensure the accuracy of the following analysis, at first, the
directions of wave propagation are carefully determined using the two-dimensional slow-
ness analysis. On the basis of this result, the phase velocities are calculated with cross-
correlation. And then wave groups whose phase velocities were determined accurately are
identified with Rayleigh waves using particle motion diagrams.
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Fig. 1. Location of observation sites in and a set of three components are
the Shanghai plain. simultaneously observed.



FHE )| R - LB ER TEAIS h e BEEES 5 L1 ) — eSS RS 119

TRLE) WIRAELREL, ToABCLETHRSOA%E 5 SEEE L, BITERE T 2 Fislckoxt

LEBEBAMEONREAB A DICKESORNE52507 V—2ERER L /0

By 27 5135 8 BOMRROIESE2 1 BOF 4 Vs vLa—FTIRET 55K E L1z, Table 1ic
BTL-CLOH 7Y Y IREER, v—R7 4 vy OENEEE, 7L -0KEE (BROEAAHE
SR DEERE) ART. [ L 8RS EAE AL 10 WoEEs (PELS-73) Th 5, Bonic7 L —Elfl
3% Fig. 31Rd. CH. 1, 2, 3@REFNRFNHLEATONS, EW, UDBATH 5,

2 - L OIRIES X OCAAEHEEOFEIE 12, Rili (She-Shan) © _L#HiIRERMAT CAHRIL 7B~ DOt
Ot L, 7L —BRBUSTHERR L 2 S8HMBHORBMERVT, LI —SiNGS hiRiEE MBS
BRI EHRT 2BBIC, BT -1, ThiZkD, UTORTETS O+ 3RIBS L CAARHOH
EMBRIhTVS,

FHRTFS T v—F— 5 OBTAAR, ETHRAIONEEES XCARGMOHEE, HESOA
BHAE b i Lt POATORBMBOMTTH 2, FITOBIEZLUTICRT,

FF, NYENRRT 49 EBLEEEORR S EFEERS IS W TE CH MO AIE OGS BT 1532
BARUHT, BIFRSRR OO OBUHE W AERICREL, ThThoEBEN—ARD o AR L P
HE TS 5 & GE L T B
ick b, BiE#EICAEEESX
CABBRMOHEE BT, N Array size* Sampling freq. Cuf off freq. of low pass filter

YRR 7 4 FORLEBHO 3 m Hz Hz

Table 1. Array size and sampling frequency

BEOESDYA v K9 EEEES 480 100 1
SBE S 48 SRR B L O o . 3
ARBMEFEL, Tho0Hg 120 200 10
ExZ OB LW TOHER & 50 500 10
33, %8, LTHRSOHERH * maximum distance between geophones

[D=1 IS=1 DT=0.0050 NOAT=8192

CH.8 8 CH.7 8 CH.6 8 CH.S 8 CH.4 8 CH.3 8 CH.2 8 CH.1

Fig. 3. An example of microtremors observed at Jinshan array. CH. 1 : NS, CH. 2:
EW, CH3 : UD at center (Fig. 2 A).
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Fig. 4. Slowness diagrams for examination of accuracy of phase velocities and
propagation directions. Figure (a) shows agreeable example and figure
(b) is a case where the evaluation is unsuccessful. The left panel shows
the equations (1) on slowness (S:, S,). [ represents the optimal solution
of equations (1). The right panel shows corresponding band-pass filtered
microtremors and time window.
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Fig. 5. Distribution of phase velocities and propagation direction. Phase velocities
and propagation directions evaluated for each wave groups are shown.
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Fig. 6. Dispersion of phase velocities. @ is mean values and error
bars represent the ranges of mean % standard deviation.
O is the result calculated from one sample.
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Fig. 7. Examples of particle motions of microtremors. The arrows denote
the direction of propagation. Figure (a) has the properties of
Rayleigh wave. On the other hand, we cannot observe the
characteristics of Rayleigh wave in figure (b).
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Table 2. Content of waves extracted from microtremors

portions regarded as plane wave  portions identified with Rayleigh wave

Frequency Duration of record (7)

Hz S Number Total time(Tr) Tp/T Number Total time (Tz) Tr/Te

S % S %
0.5 676 6 68 10 3 31 46
0.63 676 0 — —— — — —
0.8 676 14 95 14 6 37 39
1.0 338 19 115 34 8 49 43
1.25 338 1 5 1 0 — —
1.6 135 7 34 25 1 5 15
2.0 ) 135 7 20 15 1 3 15
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