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SOME PROBLEMS IN MICROTREMOR MEASUREMENTS ON THE GROUND
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The problems encountered in microtremor measurements

on the ground
are discussed briefly.

are pointed out and their

countermeasures

The problems often encountered in microtremor measure-

the
reclaimed

ment are
condition,

usefulness

influences of a
soil

of dense network measurements

traffic
layer

nolse, weather
The

definite

and so on.

for

area is demonstrated with examples.
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Application to Seismic Zoning by Means of Microtremor Analysis

¥ & = #

Mitsuo Nogoshi

I have investigated on the short-period period microtremors
for long time. In this Paper, I reported mainly about some
applied natures of the short-period microtremor, such as retations
between detailed seismic intensity and short-period microtremor,
relaions between underground structure and short-period micro-
tremor, and short-period microtremor characterization in regions
damaged by soil liquefaction. Fundamental natures are very complex.
However, the measurements of short-period microtremors are easy and
economic. Therefore, application to seismic zonation by meaens of

microtremor analysis shoud be important in future.

1. BU®IK
FEUIERAMBIMBEOETEH LS ANEER, EAVRBOERVEHDBRL
WOERHHBIRLGMBEIZNOEAOHRLEO_DOHEILABL L EEHBLE. 4H
WO L ZHDBEBOY -V I ANOBROMBEEEILLCOIEABHRICHYL,1950 £
RKhdiTbhizeHt - 50— EOABREOEABRHHRCHY, ToREEOHEHEE
IZ2WAZOBRVWbDERDE. WHAMNRR IR EOEBHETE EREMCTERD ZT
BEULEAETHELDARIFAME RSBV, LALGRAS, PRVIBIERIITDLLERES
, BBV REOERABBPOEBOTARURSBEITLT LD ZOHEASAPLEL U R
ARWVWEITHD. HFEPVOREANBRBDOERHERT LRI ETREST S22, EO#
BHAWERALAAN, t0 LTZ0EMBE, RERE, MBGEOFEHEEFHIHMAL,
ZOLTCORAMBRL LTERANBB O 70y — Vv I DA BEER-TEE,
IITCR, TORBHHROINETCOMRO—HERRDS,

2 - BEHAMBBrRES

1986 +BMMBOBRIC, FHMILBESIRASHEZEMHTICSITS733 MICH>WTHE

KEXEHFFH &R 010 kEFFRFEE-]



AHMEBEEsNELE. TAhOOEBELNA* FhFNFig.l BXUFig.2 KxLE. 20
EHERGEE YR L= T pover spectun EHEE LU (ZhHHWEFig.3 KL E
), TOBFHORELHELUE. BH, pover spectrun WD H 1 peak® iR /A B ¥ & 1t
EOKRETEORZZI 2RI EERLOUB 2T, TOLTE, KEHBHKBITHIEREE
hFNnFig.4, Fig.5 CmlLE. COETHEEIL, —BERE+ (GB) , — (8) oy
T7o0y bUE. SRAMARESRDLBREDLRESRBILHADI S,

3. EAMBBLBTEES

SAMBBIIERBMTEEICLYEL, BVWAHOHMBRIBEWRTEBELNLRT A EEX
Hbh, COBHFOANMBBICBT 2B AU LBRTIAIZLILE-T, BRRU
REMTEEYHELKRDIZ LIRS, TOKIREADOTREDONE - BAREDFEIN
¥ 70-F% - FRULTHRULEDNHFig.6 THD, CZTREOERBHBETOHELISE
WA &b Rayleigh # @ fundamental modeTH BT L EmLEZ L
‘ , ERABHBO L FBICOVTHE - R LE. Fig.6 ODFIK - HHEFK, Kk
6fﬁ%§67 AESELLIHTRENORABOEFVEREL, TOEFINIIK LS
THESHhbHRayleigh HONPHHMBOBINFIABELHREIIABRBEBRHELOKRD,
WEAhAsoRk - - GRAMBHOLBRABKA L HLEL L. AEBRATHIHKETICE T 5K
uan(@%ﬂﬁf@@%ﬁﬁﬂﬁ(C'ﬁmﬁﬁ U'#EE)EHg?K,&%,ﬁ
B K B X 60-T0n ¥ 00 3 2K — U/7T&ianéﬂjﬁbgggﬁﬁtgzyﬁiéf
bR EoTEDHTRERHAMHBI > TAUBRAABTHLI L ERLTWNS,
S, ZOMBLBENTL BOLEED1/d HREUNEANETEILILE-T, BHxhER
EAHRBo SRR EMETAH, FETORIEHFIDZILHNTCED, TOKEEEH
HWkTable | , M%Fig.9 KR ULE. B4 BOAKBOEHHEE 4 3000 ditp e iyl
BRERNHBUELISTHEZIALTWIRERLLANNHTDH S.

4. BREERBBICBTIERAMB R ™ES

19834£5 A MMM 100kn ICM=7.7 ¢ WO HEAEN: LEAXOAABHBBESARE L
, EAR, FHRARLNLSBALRHELEEAE. TORERELPOPDHBBOBRMEILES D
DTHHI e HERENE. 19804, BEBHRI N - THBROBEAELKEBEL,
WEWTRADHKMEH KL - 2RAFTHRLBWTERANAHP EL P.LICXBS
HEHE, tHAEROBSHAEYEBLE. Fig . L0KBRTRICB T2 HKRMEXE 2
153 HADBAERAERL, Fig. lILBRED—-DOKRTCHIRETCOERLIBEIL LS
RAEMSTMEE R UE. Fig. LB ERAURBONE - BET Oy 2 XL VYT 5L %
PBEEGEBRR/ELRLE. £, Fig. 1302 h o BB EIC X B Typical BB OM %
RULE. &, BRAELEBA2) At (B, KAR) , Labh- E=HE10 B (BA)
WKDOWT#30n FTHERERKE, P.S . RELXOFLWHBBAHF ZEEL, - it S
THEZNh-EANBBOERLBR 2 HAX /-t Tpover spectrun 2 HB L THE*T-
o THHI MEADOHEN, BE, KAECOKEREENFNFig.14, Fig.15, Fig. 161w
Ulze MBAKBKIELRA S EBELARELLEBMSA L OBMBYHI RIS ER-TSH
Y, SRAMBEB AR FIVHAHIHEEREIL, RBEREETHEZ2HHh5. Bio, %
TRPPEAHEEHE I rcak AR OLIhID BB THL. 2L > 0BE/ LX<y FViL



OIS0 METOBHUNELLI2BNERIPLDLRLSEIFEH, Fig ATILRLEAR
7 MDD Typical 53 WEH=LT, BRELEMETOREHSHAXRY RV % Type a,
EITCRWVWANRY FIvEType b2 LT, AMICHEEIN-EBSHEE, i FTAkIE ol
BEiTo /o Fig JBICRMT R I V42 ~, RESHEEMIY 2 — &1L iZType a,Type
b A RTHRIRENTWVS., 50 Ay VaTHRINEFRMEBE > OBHAZTVWVRRT
HoMicEhTWwWd., EHIC, Fig 19D & D BH I 5 ¢, Type ald B FAA WA T, S
WAEE IO/ sec A TOBBICEZHASN, MICHMTAMInA T, S #HEE1I00n/secA TD
BATEEVWEEZTHRKCBMA LBEELTWEIZEADID. TOHRKRLEBEILEZLRD
NEREHLIEAMBB AR FVEBRTERET TR, AUBBILI->TREBHICH
ULKEREHERMR L - 2KBTROFRH 'Y , FIBMER'Y THigxhEEA
BB ARY FVB FHRFNFig.20, Fig. 2Ll md &I, PRUYEELZPPEAZHKE
BillpeakE b2 AR R VT HAHZ L HAABHIILENE. ZHhoDZ L RERABREH
BRAEBMEAFHEWDI V-V T ADTREETBRIDIDEEIASNS.

5. SRAMBB oY - iAuigE

WEHMRITIV-TTIERKRT, KBTI EHEZIBTELBKBRAER2 LW TH
ERNREMEE M UEMBESRES®T-o . Fig 22l AETRBEBEICEIT S
HANSRBORSFRERAERLE. THRFHMICTERETCI R-JV/igHAEX
R A ChArray WEXBETHERDPOERBMBMBEAEL, -k B LB 2175 =,
FORRILLDHEEPS.EE»PSCRBON M TEEICK SRayleighBi i HEE (OB X
UBEHEE () 0BRZIBHMBKEFig. 230 LEIKRLE. NSVYFEHD2H5ODIFIEMTE
BEELIWVWADADHODOLEZONS., THIKRAULBTBEIMSE O ELove i DB S DAL
HBEELRBEBRELARZEIATWS., COBNMHEELRTAHEEEIEIEL.2Hz THB. —
%, Array OHRLNICEY FPEINTH2I KDODPSOBERHMBME AT FIVIXFig. 240 & D
kDB D, KEBILBITHIARY FivDpeake m T RAFHEHITL.2Hz THY, HTFRBEX
JEBLBRCHHHULTWVWS, Z2CZOHEEBAHBIEMHICEL BItBWT, /4 RN
FPAHLULTCERBITCORZ29n HEHME] BoDS HEEWIGw/seckb Dl T5L A
HPAERED., ZOEIREXAHEHBLT, Fig. 220X 5107 A TEHBENS 2 M
EL, XES iFEMERE*SZICLUTERBITCOEXEH B L., Fig.25, Fig.26K ik
AETFTHRTCOERBEBDDOHEL DTypical P E ARY FDtyperr L. Z DMK
BaR-YyrvraEHWLT, EBEEI VA - %Fig.2Tx L. THhHIXERBRD
PoOEBANM0.8-1.0sec IV A —2HBELTWBEXITHH. Fig. I DB TOD
MTEAGEREBS BAEOIV XA -2 HAMABMBOSERAM I 2 - ES L THVWE.
ZhERZRERBBL L IFAETROBKILMBEOFHENWI YV - v TADKB 2T
> KR b.

.

CITCHRHBMBHRIN-TOMRBERERKZL U TRRIHETEHWE., FHIKEL S
HLUEWT2. $, TOELIRRBREOBEEEATTESLEEBREBRTRE AL
KBBEBICR<<EBHEBLULETS. M, ZORNFE19894E6 A1 HicBWT, HhuEs 2
ERREGRTHIPEHILATHEEED CH-> ERHNSHO - BTCHH2MHEL, REBR
DIBEBEUTCTEEPEREABROBFEIANLLELLTEHORERL V.



BE AW

1) FE=HE,1976, BB OBFERS, ﬂﬁﬂ@&ﬁ ﬁﬂkﬂ?é%& mﬁﬁﬁiﬁ
Jwv-F, 119-125.

2) Kanai,K.,T.Tanaka and K.0Osada, 1954, Measurement of the Microtremors; I,
Bull.Earthq.Res.Inst.,32,199-209. '

eHBE -HHHE " c EHPLB,157T,EWBBHoNELR, B2 H-B7 @, HX
U &RM, 35,109-200. ' '

3) Aki,K., 1957, Space and Time Spectra of Statioonary Stochastic Wave, with
Special Reference to Microtremors, Bull.Earthq.Res.Inst.,35, 23-75.

4) Akamatu,k., 1961, On Microseisms in Frequency Range from 1 c¢/s to 200 c/s,
Bull.Earthq.Res.Inst.,39,23-75.

5) Nogoshi,M., 1978, On Fundamental Nature of Microtremors and its Application
, J.Min.Coll.Akita Univ.,Vol.V,No.3, 1-51. '

HR=#f- - A +HZ,1970a, BB oRERE (201 ) , ME [ii] ,24,26-40.

HE=- - A+HE, 19700, BBOEBE, ME [ii] ,23,264-280,

FE=# -A+EE, 197, B8HoEERE (202 ) , #MB[ii],24,26-40.

=8, 1972, HSoMEE, WA [ii],25,1-15.

6) W= -A+HEE, MYBLBRBRKFIKHOWT, ItXEHHFEARE,26,169-191.

7) SR, 1969, BERBILOWT - 1968E+BHEBOHE -, L XMYHERYE
,21,53-62.

8) HFH=# T, 1979, B - AAMBB LM TR/BILOVWT, HEELK, 32,
105-118. '

9) BEBHMREITNV-T - FR=8 - HiPE - MKEX - ZWEL - PSES - DR -
AR, 1986, KB NMBICH T AHEEDMNE, BT AAAXMBIZIOVRIILS
DL, 277-282.

BEBHRITIV-F - ZEHREE - FEE - MREX - PRES - hHE - FB=# -
MERME, 1988, BEARBRHT LB IT2BOEIE (1) —#HHE - MEABXER
AEPHmER (19834) KXr2MBREFLBMBRELOBKR—, WERAE, 41,47-63.

WBWRTIV—F - HEEER - WPE - MKEX - PEESE - PHE - -FR=H -

M, 1988, KERBRH LS 2BMBOBEHHE (2) —1983$E$i§¢”’6ﬂ!§‘(
BRCEEUEHBOBBHIE—, WEBRHE, 41,64-75.

10) FFRR =%, 1980, R BHMBLRBE N EREBAZHEGRUER B0 HBRE
BifrtE, MBFRBHRFEE No.1,92.

11) FR=# - BABZ, 1986, HREBRIGUR LS T 2B N E - KEHHRHL L
DHE-, VEREFABACIEEFFTINSTHE, 19-20.

H)ﬁﬁmﬁﬁw T BB FHBE - MELR - FREE - PREE - WHE
HRMmE, 1988, ﬁmﬁtﬁﬁﬁk£ﬁéﬁﬁﬂi%kw?6$Aﬁﬁ wEREZS,
BBIBEFH A MKW WA U HE, 78,149-154.



PACIFIC OCEAN

Fig.2

PACIFIC OCEAN

Fig.1

0,20

—cfs

Fig.3

5

0 20 05
—C/s

5

.._u.
. ¥
W ° Te]
O
Q@ 1
I o . .. . 00 0900 L e
+
(@] o o ~y
]
» o o ~r
%5 o wn o

—
Q +
w s o wn

7
> i
0Doe0000 oo w

1
+
s Q o o ~3
]
° ° L] ~5
Sa =] w© °©

Fig.5

Fig.4



. o
E-SRMME ) Ay g |—| aummoRs - SREAR 0
T G N . . SR,
+ H HF B o (fE AT ELEYHLF 8 Rk oWtk H -
HCMREATIC — ORUBICES |—| A LT == RO T B§
AR — 5 sut DR a0 R
. T T Rk o BB
K BRDORY + YTy g
Fig.6
H2
1
-‘; apy -'n axu -'- i 3-0) 'I. amy ::u ADd \
w0 s ol o 15 i
2 \
g 1
AR
o o = 3 \
m \
» = < £ 10f ‘.\ I
\ I\
0 0] E ' H “. !:Theoreticnl
Y :
ol 3 " ¢ ~ \ ! /
™ Y g S \ l v
T d R T 7 ow T T 8= 7 3R T 7 Inm 8 5 Observed
- 4
ﬂ‘n i 1] T » -‘u "D T RN I" N -'. L} &
v
o) b ! = S0 oy
13 14 1516 17 1819202122 23
160
“ 500m 2'7':-“~~-.!§9.4.A.l§0..'..59“_ 160 _},19170‘5%20 1
x b = ) 0| _foz:o ~ ';:oqoo -
o 20 600 600 600270 290 gq5 00
o~
w mL ) Y 0| '-._.__':"600
BRI [ 7 T 7 D] T om 3 R 60060Q
Fig.7 Fig.8
bl
=1
H we
Sos %
E >
Table 1 % po 2
Ry i
Place No. | Vn H Va | . Hi Vi | Frea. | Hi | Depth 8% R o2
(m/fs) | (m) | (m/) | (m) | (m/s) | (He) Cm) (m) & §
7313 100 3| 280 20| 6eo| o042 27| 32
7314 130 7| 180 17| e00| o050| 23| 237 0+ o
7315 100 7| 250 18| 6o0| 0.32| 384| 409
7316 100 7| 210 62| 600| o0.36]| 237 306 —————
717 160 16| 290 0| 60| 042 25| om noowome
u ———— . —————— e e e el e
7318 170 8| 330 62| eo00( o0.36| 26| M6 -
7319 170 | a3 56| 600| 0.40| 24| 234 a
7320 160 16| %40 44| 60| o0s50| 62| 222
7322 120 12| 600 0.44| 281| 203
7323 180 10| 310 15| 600| 0.46| 263| 288 /\
7321 160 9| 310 51| 600| 0.48| 245| 305

J



SURVEY ANALYSIS

Data Data . Linear-
Amp  Rec. Rec. Filter ~Amp. corder
CHI
EH 2 No 88 No.27
H3 10 '
CH& € -w }Por—AA Py j“": -w W‘\'*ij

Printer

I 2 3 S 10 0125



Asanai

Ground water leves
oL -10m

Nevave el veracity Wimied Vetocity W imaed]
0P =0 oo m w0
' w0
™0
%o
Groung water teeed
GL-1.5m
N=Votue ‘Valocity Wived| velocity Wiinaed n..&.'
© 20 000 w00 %0 o)
‘m
0
Qround woter level
GL-0.75m
N-vﬂu'h vetacity wiwaecl] vewcity wimed]Fraay
59 b 00 200 (132
! ]
faso ™%
V N
H )
I (—
w0
w0
0

NOSH)RO- ISIIIOI
0ATA MY, 84080

S O 330°%0%" |sun a3 1400
Terd wg: ta *E0uSTER! °

U-0)anx: 1 121em00

rn-slun Bl

#E-Hul: “9227tM)

9 1 2 3 4 S 6 7 8 % o

PREQUENCT 1IMg)

NOSHIRO-13216)
oArTA 24000805
Gam: Eg (nnotnl gnu Sq3 00
TRPE N UNTER,
-

Dlnux l.lnnu)

H-SInAx: 1.268001)

E-¥inpx: 1.110000)

0 1 2 3 4 5 6 2 8 9 )0
FREQUENCY Inx)

- nosmhu 1:7
DRTA NO. 840

H B, o o

U=DinAx: %.221tma)

H=Sinax:

E-vimax: 3.38%n0)

0O 1 2 3 4 S 6 2 8 §5 )0
FREQUENCT INz)

Fig.14

Fig.15

Fig.16



T .N-S . u-0
oty varr RN oot ¢ r1oms
Type A
No 88
! Loty r— Shamc 1. P-rem § b
Type B . .
No 5t
) TR — (ISP T
Type C
No 27

v 4 s - s - 1
Type O
No. 153 "
b2345678910 3 8910 121¢56782910

FREQUENCY (Hx)

Fig.17

_ 'S WAVE VELOCITY W(m/s)

(W)@ 13A37 HIALYM ONNOYO

130w 100 £ Vs <130 V<100
FREQUENCY
- - - B = - - -} L 3 3 Y - 5 ‘_‘ o
= E§§ B az
T
o
: 25
- = | ¥
o
E—— | ia
. W
o — - ) oo
VF‘30MO ¥Hiquetied sitel
® Type G o " =
© Type b ol L | io
. alh
. -‘O
Fig.18 L L l H
o
G.S
Fig.19
NS N } I &
' T I
ik i
i
- nisif I .'—-._.-'.‘.-:- . .'.—-._.-':::* e
[ H !': i!’
EW I Iy )
] -v. * !,
Ay b E: I
L 1 li" l':, 7 ——— l’z. 0 T = l'r. 0 ———
. | - o —_—
g PN prrmpe oK. IS foutn peTTw
_ il !{ Mot | ‘M‘.w.w, " W
! H
uD 'e r [
, i Fig.21
o

- wil Fig.20



VELOC)TYIm/s)

B Site of nruy. observation

0

Ky

Awniex
\ghLd
-]

i

BNE

@
4

T

of sicrotrosor.

Site of sicrotromor messure-
mont undor the ground.
Noving measureaont point o!'
sicrotremor.

S-vave volocity on the

ground surface.

4 ﬁ '/, 4 ..._ . . / B
[y A —————— "~
Ea vy,

. A Ny \\-n.l\(l"_‘\

Fig.22

Fig.24

o Raviticw Wart s 02HSTM
’ ]
200 | '
[YIRNUIR Y PO § UOURE SOOIt SV SOUUUT ST
200 | AR WU ‘
. A
100 | €:PHASE VELOGITT \ ¥ T
u: GROUP XELOTITY L T
o + — .'!
R T T o T .
FREQUENCY (H1) .
x v
Love Wark .
00 i 1y
e
E 200 %
g :
= x A
100 ment . .
. e H
Fig.23 v
o 1 4 68 10 xmm-iv wr '

0.5 10 ?
FREQUINCY (st}




E-w - N-§ U-0
Atype Ctype’ [

E_\BN.W O.ﬁmee C-23 | ~' Ol.jnKnnl’ Ty:-e; ‘D&,:; - Vh\.‘?: :K;’;:
WS S AR e e e pA
® p ) RTYPINRPNCTIRPNUR

'TypeC
Btype . o D type ¢z

B-36 OSjnK'xne B‘;;%Wm ;\Ajn}(me -,ys:g m H\/\\\‘
4 7 1234 7 1 4567890
AR wwwwwwmw TR i e
! | Fig.26

Fig.25
("\

€l e s e [ [P, LTIy,

B RERGRE (m) &
JAPAN SEA R
M acile
AT

, <
SLPY S I \

P racs Im
A $R:1965 08sec
R 1:DEF
(O 284%) _
REHHA Predominanl period >Q8 sec

[Im]]]— S wave velocity <100 mis
R _ - :
m KBk E Ground waler level <1m 0 1 2Km
- [—————]

Fig.27 Fig.28

BEREHEEH HBR 010 kBT FERFEAI-1






PR SIS ki VA iy PN
1A B 2 1089.7.13

mn—2

B Eh BRI X B AR o> T~ 38 Hil 5 o> HE s

Estimation of lateral irregularity of subsurface topography
from spatial variation of mictrotremors

ABERER

Kojiro Irikura

Microtremors are significantly affected by lateral irregularities
in surface layers or subsurface topographies. Ve find frequency-dependent
amplitude variations in space from microtremor observations in such areas
Numerical calculations support the fact that the spatial variations of
microtremors come from the discontinuous ground structures even if either
surface waves or SH waves is assumed for mictrotremors. The lateral
variations of mictrotemors are explained in terms of transmissions and
reflections of horizontally propagating waves if surface waves are assumed

and also
generated at irregular interfaces
reveals

constractive or deconstructive interactions of scattered waves
if SH waves are assumed.
that the use of microtremor characteristics

This study
are effective for

investigating active faults masked by alluvial and/or diluvial deposits
and seismic-microzoning for the mitigation of earthquake hazard
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Observation of Microtremors and its Application
to Earthquake Engineering

Hiroshi Kacam

Abstract

Microtremors have been utilized in the earthquake engineering field as an effective
tool to investigate underground structures from the ground surface measurements indirectly.
In this paper, studies on measurements of microtremors are reviewed focusing on the
engineering utilizations. Reviewing is carried out classifying the microtremors into two kinds
of short and long period.

Initially, short period microtremors are discussed. At the beginning of this century, the
first measurement of short period microtremors was carried out, finding that microtremors
reflect well ground vibrational characteristics during an earthquake. After that many studies
continued to investigate the relation with the dynmamic characteristics of shallow under-
ground structures. Among these studies Kanai and his colleagues’ works are distinguished
and along their results a standardized method for measurements and analyzing of micro-
tremors is described here. Typical examples for practical applications are referred to
including the Kanai’s discrimination method for types of ground.

Secondly, studies of long period microtremors are discussed which have been developed
during the past 20 years in order to investigate deep underground structures up to several
kilometers. These studies have been initiated and accelerated by the circumstances of the
recent expansion of building height and width. Examples of the field measurements and
their interpretation in earthquake engineering use are also introduced.

In conclusion an applicability of microtremors to earthquake engineering field is sum-

‘marized and further problems to be solved are pointed out.
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APPLICATION OF MICROTREMORS FOR ENGINEERING USE
— RECENT STUDIES AND FUTURE PROSPECTS —

Backgrounds

This is a brief supplement on the proceedings titled above, including each
presentation and discussion through the symposium. "The 17th symposium on ground
vibrations” was held on July 13, 1989, with about 230 participants, as an annual
activity of Ground Vibration Research Committee in the Architectural Institute
of Japan. It was deeply regretful for us that the proceedings were published in
Japanese under unavoidablie circumstances, nevertheless the discussing contents
were assured very interesting and useful even for other countries. That is why
we'd like to put short comments for the sake of foreign interested colleagues
Theme and several key words in the past symposia are also attached as appendix.

Introduction by Sumio Nagahashi, Chairman of the Committee

Microtremor measurement has been familier and popular technique for field
survey getting ground vibration characteristics since Dr:Kanai's work in 1950's
and 1960's.. But it still contains some uncertainties for practical use.

[n this symposium, microtremors will be discussed with several viewpoints
from the source of microtremors to further possibility in applying to earthquake
engineering. A technical report by Hiroshi Kagami was introduced because of
well reviewing historical studies on observed microtremors. The paper is at-
tached in "Part IV. Appendix". (pp.91-104.)

Part I. Fundamental properties of microtremors.

by Tadashi Miyazaki and Naotsune Taga
1. Review of past discussions about microtremors. What has been the problems?
(a) Has the definition of microtremors been established?
(b) Is there any unified methodoiogy in measurement and analysis about
microtremors?
(c) Can we expect a rule of generality in the results for engineering use?

2. What should be checked on microtremors to get ground vibration characteris-
tics?

3. For what we are going to expect microtremors?

4. Comparison of natural period or predominant period among microtremors
building structures and seismic waves. The studies on microtremors may be
divided into two types, namely scientific ones and engineering ones

5. The districts where the studies on longer period microtremors have been
performed. (see Fig.5.1, p3)

6. Recent studies on longer period microtremors in Nobi plain.(see Fig.6.1,p3)
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7. Studies on longer period micrptnemors in Nobi plain by the authors.

Fig.
Fig.
Fig.
Fig.

Fig. 7.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.7.

Fig.
Fig.

SO N —

7.6
1.7

7.8
7.9

7.11

7.14

Fig.7.15

Fig.7.
Fig.T7.

Fig.
Table
Fig.
Fig.
Fig.
Fig.

7.18

7.1
7.19
7.20
7.21
7.22

Distribution of measuring points for longer period microtremors.
Distribution of deep boreholes and their sections.

Results of seismic refraction survey with explosion.

Location of standard points for measuring {onger period micro-

-~ tremors. The simuitaneous measurement was performed: for a week.

Fourier spectra of microtremors during a typhoon.- Numbers with km
in the figure indicate distances from the typhoon. It should be
noted enough, the predominant period is almost constant although
the amplitude is much affected by typhoon.

Relation between characteristics of longer period microtremors and
weather conditions. '

Deep underground structure. The variation of existing sediments
should be marked. OQutcrop of base rock is found in the east part
with smooth change, and in the west part with sudden change.

The variation of predominant period of microtremors with that of
deep underground structure.

Fourier spectra of microtremors on rock sites(location is shown in
Fig.7.7) and power spectra of sea wave. A good-correlation can be
found between them. Fig.7.10 shows the details.

Conceptual figure about longer period-characteristics of micro-
tremors. There are two types of predominant periods. Source effect
(1) exists in everywhere, but it will be hidden by local effect(2)
in the area with thick deposit. The top and bottom figures corre-
spond to rock site and thick deposit site, respectively.
Comparison of spectra with time interval to check the stability.
The typical spectra in the district.

Refation between predominant period and thickness of deposit.

A zoning map for predominant period distribution of microtremors
An analytic model to get 2-D ground:vibration characteristics.

2-D response in displacement on the ground surface. Uniform verti-
cal incidence of SH-waves is supposed in the analysis.

The same result with Fig.7.17. The results are checked with meas-
ured microtremors at points A, N and S.

Comparison of resuitant predominant periods between 1-D and 2-D
analyses. The upper and the lower values correspond to the results
from 1-D and 2-D analyses, respectively.

Location of observation stations for earthquake ground motions.
Epicenter and magnitude of observed earthquake.

Spectra of earthquake motions(upper) and microseisms(longer period
microtremors, lower) at the rock site, A(see Fig.7.19).

Spectral ratio of earthquake motions, N/A(upper and middle), and
spectra of microseisms(lower) at the deposit site, N.

8. Comparison of the results with those from other different districts

Fig.8 Underground condition for other district.

9. Problems which should be discussed in the future.

[I-2] Nature of longer period microtremors and its application to estimating

deep underground structure. (pp.19-30.) by Kikuji Kobayashi
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2.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

3.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Introductory remarks.

(a) Earthquake engineering is being concerned with longer period seismic
motions up to 10 seconds and more, because of increasing huge build-
ings and other structures with longer fundamental periods:

(b) Therefore the longer predominant period due to deep underground struc-
ture is also getting important.

(c) Applicabiltity of longer period microtremors is being expected in spite
of its uncertainty about the source.

Reasons of fluctuation in microtremor characteristics.

1 Vvariation of spectral amplitude in microtremors through several days.
The short period component(upper) is subject to daily cyclic variation,
but the longer period component(lower) affects to be random.

2 Relation between component of microtremors in period(s) and exact time
when the peak amplitude with 24 hours period appears. It can be noted
that the shorter period component less than 0.8s is deeply related with
artificial source such like trafic noise and machinery noise.

3 Good correlation can be seen between wind velocity and amplitude of
microtremors with T=1.28s.

4 The good correlation in Fig.3 can be expected in the perlod band from

-~ one to two seconds.

5 The relation between atmospheric pressure(barometric pressure) and the
anpl itude of longer period microtremors is also expected.

6 The good correlation in Fio.5 may be expected in the period range more

than two seconds.

Such tendency has been confirmed at five stations in Kanto basin.

Information about S-wave profiles at the stations in Fig.7.

o~

It might be concluded that three important factors giving much effects
on microtremors were pointed out. They are artificial source, wind velocity
and atmospheric pressure. The period band in which those factors are effec-
tive is also important. Artificial source gives much effects on microtrem-
ors in the period range less than one second. It exactly corresponds with
"Microtremors"” defined by Dr. Kanaf. On the other hand, weather condition
like wind velocity or atmospheric pressure is rather effective on micro-
tremors with much longer period more than one or two seconds. [t will be
the same as "Microseisms”.

Origin source of longer period microtremors

9 Comparison of variations between atmospheric pressure and wave hight of
sea wave.

10 Comparison of variations between microtremors and sea wave. Amplitude
of microtremors is evaluated as predominant spectral amplitude.

11 Comparison of predominant periods between microtremors and sea wave.
The period of sea wave is two times longer than that of microtremors.
And it is in good agreement with M.8.Longuet-Higgins's law.

12 Predominant direction of microtremors is very stable. It might be sug-
gesting the existence of specific source area in the ocean.

13 Comparison of microtremors among different sites in Kanto basin.

14 Variation of predominant period in microtremors related with wind velo-

city.
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15 Correlation of spectral amplitudes between two sites, concentrating in
microtremors related with wind velocity.

16 Spectral variation of sea wave due to sea breeze with time, (after C.J.
Sonu et al.)

17 Correlation of wind velocities between Tokyo and other stations. Good
correlation among Tokyo, Yokohama and Chiba in.the figure might be sug-
gesting the fact that the source region of microtremors related with
wind velocity, it means the component with 1 to 2 seconds period, may
exist in Tokyo bay.

18 Predominant direction in such microtremors shows good agreement because
the principal component can be considered as Rayleigh wave.

In conclusion, the origin source of longer period microtremors will be
divided into two cases. Microtremors longer than 2 seconds show good corre-
lation with atmospheric pressure, and the source of such microtremors would
be sea wave in the ocean. On the other hand, microtremors between 1 and 2
seconds are correlative with wind velocity. Tokvo bay, in this case, may be
the effective source of such microtremors.

Importance of amplitude ratio between vertical and horizontal components
for evaluating longer period microtremors

19 A process of developing sea wave. (after Inoue)

20 The same manner with Fig.19 can be seen in microtremors longer than 2s.
It should be noted, predominant period of longer period microtremors is
variable in accordance with weather condition.

21 Amplitude ratio(vertical/horizontal) of longer period microtremors is
almost constant in spite of the variation of weather condition.

22 The frequency of plots in Fig.21 also shows the same tendency. It means
amplitude ratio in these figures would be stable information reflecting
the local underground condition.

. What is the wave type which is forming longer period microtremors?

23 A test field, Tokai district, where the deep underground structure was
already investigated by means of seismic refraction survey.

24 Spectra of longer period microtremors measured at two stations.

25 Amplitude ratios derived from measurement and calculation by supposing
Ravleigh wave fit well. The results from calculation seem to give the
highest limit of those from measurement

26 As for the modeiing of underground structure, the deepest model "A" is
necessary to evaluate longer period microtremors.

Estimation of deep underground structure with vertical/horizontal ratio of
longer period microtremors. _

27 Distribution of shot point and aobservation line for seismic refraction
survey in the past. (aftet Seo)

28 According to the past surveys, three lavered materials are commonly
distributed in wide area. But other important parameters,” D" and "k",
are still unknown for every site. The longer period microtremors in-
cluding Rayleigh wave are being applied to get these parameters.

29 Vertical/horizontal ratio of Rayleigh wave with assumed "D" and "k"

30 Reiation between "k" and the period, in which vertical/horizontal ratio
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Fig. 31

Fig. 32

becomes minimum, under the condition of D=1km. It can be known that the
period mentioned above is the function of "D" and "k", and is very sen-
sitive to the variation of structure, particularly in case of fundamen-
tal mode; M11.

On the other hand, the value of "time term”, which means delay time due
to surface layers on the basement, will be obtained from seismic re-
fraction survey, and it is also the function of "D" and "k". Therefore
"D" and "k" can be determined with independent two informations.

An example of the results at Ukishima.

Figs.33,34 Another example at Ohokayama.

Fig.35

Fig. 36

Comparison of amplification ratios for SH-waves at Ohokavama. Observed
result(broken line) during an earthgquake is superior to calculated ones
{solidline). Where, Asakawa is the other station on the rock site.
Effect of Love waves may be expected to elucidate the disagreement in
Fig. 35.

~ 7. Concluding remarks.

[I-3] Problems on ejucidation of deep soul structure through the field data of

long-period microtremors. (pp.31-40.) by Hiroshi Kagami

1. Introduction.

2. Results and problems about long-period microtremors in the past studies

(a)

Fig.1

Fig.2
Fig.3

"™ Fig.4

Fig.5
(b)

Fig.6

(c)

The case, variation of predominant period is systemstically correlative
with that of soil structure.

It is well known that a strong motion seismogram with 2.5 seconds was
observed at Hachinohe harbor during the Tokachi-oki earthquake of 1968.
After that, Hachinohe has been one of the best experimental fields to
study about earthquake motions and long-period microtremors. The figure
shows a typical example in which predominant period of microtremors
corresponds very well with soil structure. (after Naruse et al.)

The result at Aomori shows the similar features. (after Kagami et al.)
The similar result in Nobi plain. (after Taga et al.)

The case of Mexico city. (after Kobayashi and Midorikawa)

Variation of microtremors in Mexico city along the time. (after Lermo et
al.) In this case, the deeper soil structure is unknown.

The case, only the variation of amplitude is correlative with that of
soil structure. Variation of predominant period cannot be confirmed.

The typical example can be seen at Niigata. (after Kagami et al.) The
similar results have been obtained in Ishikari plain (after Naruse et
al.), in Los Angeles (after Kagami et al.) and in San Ferpando (after
Kagami et al.). As for common reasons, the existence of thick deposit
and unclear interfaces between layers will be pointed out

The case, the clear conclusion cannot be expected.

The actual condition is not evident because there is no data about
uncertain or faulty results
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3. Consideration on the difficult case (c)

Observation of long-period microtremors has been performed at Iwatsuki

ten vears ago by the author himself. Although deep soil structure was well
investigated with deep borehole down to 3.5 km, characteristics of micro-
tremors did not elucidate the soil structure.

Fig.7
Fig.8

" Fig.9

Location map which will be discussed later.

Profile of S wave velocities was surveved by well fogging. The transfer
function for SH waves was calculated with the profile.

Calculated transfer function fitted very well .with observed ones, which
was derived from seismograms both on the ground surface and at the bot-
tom of borehole during earthquake.

Fig.10~Fig.13 Observation of long-period microtremors was continued for two

Fig.14

“Fig.15
Fig. 16
Fig. 17
Fig. 18

months. There were three typhoons around the area during the observa-
tion. And the amplitude of microtremors looked much disturbed.
Spectral amplitude of microtremors was compared with wave hight of sea
waves at the ocean coast {Kashima, Habu) and Tokyo bay (Hamakanaya).
[t was confirmed that sea wave of the ocean was much effective than
that of Tokvo bay on long-period microtremors.

Sea wave possesses its own characteristics that variations of amplitude
and period are correlative with each other. )

An example in Nobi plain showing that the period of sea wave is varia-
ble because of weather condition. In this case, typhoons are passing.
Coda part of a real earthquake was observed by a fluke during micro-
tremor measurement at Iwatsuki.

The component longer than 5 seconds could be found only during earth-
quake but never in microtremors

4, A conceptual model to understand the long-period microtremors. (see Fig.19)

5. Comments for future studies.

(a)

(b)

(c)

Further accuracy of microtremor measurement should be required. It will
contain instrumentation, procedure of measurement and -analysis.

gbservation of real earthquakes will be also expected besides micro-
tremor measurement. As our discussion is concentrated in longer per|od
earthquake with large magnitude wnII be desirable even if it occurs in
far distance.

For the purpose of discussing fong-period microtremors, the measurement
should be done simultaneously with much distributed instruments includ-
ing a standard point on outcrop rock.

[I-4] The use of long-period microtremors for_reconnaissance of deep sedimentary

basins. (pp.41-46.) by Takeshi Matsushima and Hiroshi Okada

1. Introduction,

In this paper, the investigation technique for deep sedimentary basins

by means of long-period microtremors will be introduced. Phase velocity is
the most important factor for the purpose because the principal component
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of long-period microtremors is regarded as Ravleigh wave.

. How to estimate phase velocities from long-period microtremors.

"Spatial autocorrelation method (SAC method)" and "Freguency-wave-
number method (F-K method)" are available for this purpose. The feature of
each method will be summarized as follows. The F-K method is much reliable
than the SAC method, although the SAC method is rather easier than the F-K
method because of being convenient to carry out field work and analysis.
After checking both methods at Ovafuru as shown in Fig.3, the F-K method
will be used in the following experiments

. Experiments in Tokachi plain.

An example of arrangement to measure long-period microtremors in the
field is shown in Fig.5. The 10 sets of velocity type seismometers with
vertical component and with 8 seconds in natural period are installed in
total. After deriving dispersion curve for phase velocity of Ravieigh wave
(Fig.7) through F-K spectra (Fig.2), inversion technique is applied to get
deep underground structure as shown in Fig.8. And the results is quite cor-
relative with gravity data.

. Remarks.

The simifar experiment has been performed at about 50 sites till now.
In the future also, the long-period microtremors will be applied for sur-
veying deep underground structure as useful means

Part II. Special lectures.

by Kivoshi Kanai

1. On the discussion about Rayleigh wave.

The dispersive "Rayleigh wave" was discovered by Sezawa, not by Lord
Rayleigh. There is some confusion to call it as "Rayleigh wave"”, because we
are usually discussing about dispersive Rayleigh waves.

. G.W.Housner arranged an opportunity of discussion about the local effect of

soil structure on seismic motions between B.Gutenberg and K.Kanai in 1959

K.Kanai was impressed that B.Gutenberg had almost no interest in "en-
gineering”. After that, K.Kanai and his group measured microtremors at 300
points in the United States including Gutenberg's research field and strong
motion observation sites for the purpose to make clear the discussion.

. On the "predominant period" of the ground.

According to popular belief, M.Ishimoto seemed to prefer a scientific
manner of the French school. He often esteemed his inspiration. And thanks
to an inspiration, he discovered that earthquake ground motions at some
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site possessed its own "predominant period” by defining peculiar analytic
method. The early works on microtremors by K.Kanai were just to find the
similar predominant period in microtremors like that in seismic motions by
M. Ishimoto.

4. The historical review of terminology on microtremors.

Now we are discussing about microtremors to remove the confusion from
them. But it should be noticed that the confusion was found at the first
stage of studying microtremors. already. The manner of studies had better to
be classified into following two in-accordance with their purposes. (a) One
is the studies about observation fields, and (b) the other is the studies
on sources or paths of microtremors. And it should be noticed again, such
classification would be useful to remove the confusion, although the com-
plete definition might be difficult. The following table shows a roughly
sketch about the classification of (a) or (b), mentioned above, from the
poster presented by K.Kanai himself. :

(1) Longer period micro tremors

(a) Pulsatory oscillations ( F.Omori — K.Wadachi )
Microseisms ( Research group on the properties of the subsoil, T>1s )
Long-period microtremors

(b) Microseisms ( E.Wiechert — B.Gutenberg — USA, F.Kishinouye, T.Santo)
(2) Shorter period micro tremors

{a) Micro-tremors ( F.Omori — M.Ishimoto )
Microtremors ( K.Kanai ) « Please be careful that a technical term
"""""""" was created to avoid confusions!

(b) Miscelianeous oscillations, Compiex oscillations, Micro earth motions
Microtremors ( K.Aki )

[II-2] Some probiems |n microtremor measurements on the ground {pp. 47-54.)

by Kaio 0sada
1. Introduction.

The practical comments about measurement of short period microtremors
in the field will be done with examples

2. Predominant period, amplitude-and spectrum of microtremors,

Fig.1 Fourler spectra of microtremors have no big change on predominant perl
od and amplitude through a day.

Fig.2 Fourier spectrum of microtremors on multi-layered soil structure.

Fig.3 Fourier spectrum of microtremors on soil structure with single layer

3. Some problems in microtremor measurements.

Fig.4 Overall characteristics of instruments for Kanai's microtremors. The

-112-



&

Fig.5

Fig.6
Fig.7
Fig.8

natural period of moving-coil type transducer is 1 second. After the
measurement of ground displacement with integral circuit, velocity
spectrum is obtained analytically. The stable Fourier spectrum will be
expected by the measurement through about 80 seconds.

The effects of traffic noise in microtremor measurements. The effects
by traffics with close distance can be seen at (a) and (b). The proper-
ty of ground vibration will be found at (c).

Comparison of measured records between two spots with 15 m in distance.
The measurement should be performed at the spot (2) instead of (1).
When the atmospheric pressure is low, the component with longer period
will be predominant in the spectrum.

The effects of wind was checked between a) no wind and b) blowing hard.

Figs.9,10 The effects of soil condition and/or measuring condition. a) on a

flagstone settled on natural ground, b) on the free surface of natural
ground, ¢) on a massive concrete foundation on reclaimed ground, d) on
a concrete floor on reclaimed ground. The measurement was performed si-
multaneously in close distance.

4, The measurement of microtremors in wide area.

Figs. 11,12 The:removal.measurement of microtremors was performed along the

Fig.13

dlstance In this. case, amplitude was corrected with overlapped data.
There was very heavy traffic around the removal station No.11
An example of Fourier spectra (left:displacement spectra, right:veloci-

1ty spectra) and records. Where the detection of predominant period was

tried with neighboring data.

5. Concluding remarks.

The measurement of microtremors should be performed very carefully.

Because it often contains unimportant information besides important ones.
The experience based on field exercise may be required to distinguish them.

Part 111,

chrotremor measurement and its application for engineering use.

(pp.55-65.) by Mitsuo Nogoshi

1. Introduction.

The short-period microtremors will be discussed how they are going to

be applied into microzoning works

2. The short-period microtremors and seismic intensity.

Fig.1

Fig.2
Fig.3

The isoseismal map in Hakodate during the 1968 Tokachi-oki earthquake.
The intensity was surveyed by guestionnaire and expressed with the
Japanese scale.

Measuring points for microtremors after the earthquake.

Power spectra of microtremors. The frequency at the first peak will be
used in the following f:gures

Figs.4,5 Relation between seismic intensity and predominant frequency. It can
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be noticed, the lower frequency makes the higher intensity.
3. The short-period microtremors and ground structure.

Fig.6 A conceptual flow to get:ground structure with microtremors. Where the
vertical component in short period microtremors is assured as Rayleigh
wave in the fundamental mode.

measurements of — spectral — predominant(—)other information except
microtremors analysis period - predominant period
l
geologic data — assumption model ing - checking
of profile — of soil — structure —» real structure
data on seismic —» for P & S structure, with sup- T

prospectings wave ve- thickness face wave
locities of layers 1
T T

quarter wave(<)surface wave « theory of
length's law consideration surface wave

Fig.7 Calculated dispersion curves for Rayleigh wave (phase velocity[C] and
group velocity[UT) in Akita.

Fig.8 Estimated-ground structure in Akita from observed and calculated data.

Table 1, Fig.9 The deeper ground structure was also assumed with predominant
period of longer-period microtremors and the quarter wave length's law
for S-wave.

4. The characteristics of short-period microtremors in disaster area due to
liquefaction of loose sand.

Fig.10 The location map of Noshiro including disaster area by |iquefaction
during the 1984 Nihonkai-chubu earthquake. Microtremor measurement was
performed at 153 paints. Fig.11 shows the details of adding 70 points
in Shonan area.

Fig.12 The instrumentation for short-period microtremors.

Fig.13 Examples of typical records.

Figs.14~16 Borehole data and power spectra of microtremors. The spectrum was
very simple (defined as Type b) in non-fiquefied area as shown in Fig.
14, and rather complicated with higher frequency component (defined as
Type a) in liquefied area such as Figs.15 and 16.

Fig.17 The power spectra will be ciassified into few more types.

Fig.18 The disaster area was checked with many informations, such as the type
of microtremor spectrum, S-wave velocity on the ground surface, ground
water level and whether |iquefaction was observed or not.

Fig.19 Arrangement for the relation among these factors.

Figs.20,21 Another examples of complicated spectra(Type a) in Akita.

5. Applicability of short-period microtremors into seismic microzoning.

Fig.22 Location of another test field in Honjo.

Fig.23 Theoretical dispersion curves were calculated for Rayleigh waves and
Love waves with geological data.

Fig.24 The predominant periods of microtremors fitted very well with Fig.23.

Figs.25,26 The typical records and spectra of microtremors in the area.
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Fig.27 A contour map showing the depth in meter down to the Tertiary basement
The borehole data indicated in the figure were used.

Fig.28 A zoning map about predominant period in microtremors, S-wave velocity
on the ground surface and ground water level. The figure is also sug-
gesting liquefaction prediction in future earthquakes.

1. Introduction.

The Tangshan, China, earthquake of 1976 was really a destructive one.
In the central part of Tangshan city, the seismic intensity was XI in M.M
scale, and more than 90% of houses were collapsed.. But on the other hand,
the anomaly of seismic intensity was found in surrounding area. Most of all
in Yutian area, 40km away from Tangshan toward the northwest, the seismic
intensity was smaller than that of further area. Therefore the studies to
make clear local site effects on seismic motions have deeply been required.
For this purpose, microtremor measurement was performed as 'well as seismic
refraction experiment with explosion by the Japan-China joint project

2. Microtremor measurements in Tangshan and Yutian area.

Fig.1 Characteristics of instruments for microtremor measurement (a) and for
observation of aftershocks of the 1976 Tangshan earthquake (b).

Fig.2 Location maps. (a): The isoseismal map during the 1976 Tangshan earth-
quake. The intensity anomaly can be seen in Yutian (YT) and some other
parts. (b): Distribution map around Yutian area for explosions(shot 1~
shot 6), its observation points(open circle) and points of microtremor
measurement (MO1~M23). (c): The points for microtremor measurement in
Tangshan city (M24~M27)

Fig.3 The stability of microtremors were checked at the Tangshan Earthquake
Memorial Hall (M24). In short period component less than 1 second (a),
the variation of amplitude was recognized between daytime and midnight.
[t was the property of Kanai's microtremors. But in long period compo-
nent more than 1 or 2 seconds (b), the amplitude was almost constant
through a day.

Fig.4 The removal measurement of microtremors was performed from MO1 to M13
along the observation line for explosion in Yutian area. The point MO1
was located on firm outcrop rock of pre-Cambrian.

Fig.5 Fourier spectra of measured microtremors. (a): The mean spectrum among
M02 through M13 and Fourier spectrum of MO1 (firm rock site). (b): The
whole of spectra was normalized by the mean spectrum in order to find
the corresponding predominant period easier.

Fig.6 The resuitant distribution of predominant periods (the bottom figure)
was compared with results from the seismic refraction experiment (the
top figure) and the borehole data (the middle figure). The outiine of
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profile about underground structure -looks well, but the details to ex-
plain the relation-among predominant period, wave velocity and thick-
ness of deposit are going to be checked.

Table 1 Data about the aftershocks of the 1976 Tangshan earthquake.
Fig.7 Microtremors and aftershocks of the Tangshan earthquake were compared

at two sites, Tangshan Airport (M25, the left figures) and Yutian (M04,
the right figures). Only the horizontal component is presented (the up-
per figures: after shocks, the lower figures: microtremors). The clear
conclusion has not been obtained at this moment

Microtremor measurements in Beijing area.

There is topographical irregularity on the basement in Beijing area.
But information about subsurface ground structure and earthquake motions is
quite few. Author's interest is how microtremor measurement can be expected
to estimate the effects of local soil condition on seismic motions in this
area.

Fig.8 Spread of the removal measuring points of microtremors, and the topo-

graphical condition in Beijing area. It should be noted that Beijing
city is located in.a |arge subsidence.~

“Fig.9. Fourier spectra of the shorter period microtremors less than 1 second.

Fig.

Fig.

Fig.
Fig.

(I11-

No proper characteristics can be found for each point. ,

10 A seismogram during the Tangshan earthquake of 1976 was ohtained at the
Beijing hotel(A in Fig.8) near No.8. The spectrum was also obscure.

11 Fourier spectra of the longer period microtremors more than 1 second.
The predominant period seems to remove systematically.

12 The predominant period was compared with the past geological data.

13 The amplification factor due to SH-wave was calculated by Haskell's
method. Structure model was supposed at the sites 2, 3 and 7.

Concluding remarks.

At this stage, Authors are not sure about the results. Because the op-
portunity of field experiments was quite limited. As the informations about
seismic data and geological data are very little, the further application
of microtremors is surely expected. But to do that, the better arrangement
on field experiments will be required such like the instrumentation and the
procedure of measurement and analysis for microtremors.

4] Microtremor measurement and its‘application for engineering use.

. Introduction.

Microtremor measurement is well-known as a convenient technigue to
confirm the effect of surface geology on seismic motion witheut other in-
formations. The measurement. performed in Mexico city after the 1985 earth-
quake was one of the most successful cases, because the characteristics of
microtremors elucidated those of strong earthquake motions very well. But
usually, it isn't so easy to get enough conclusion only from microtremor
measurement. A matter of importance will be to discuss how microtremors can
be used, with successful and unsuccessful cases under different conditions.
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Fig.1

Fig.2

A conceptual flow to use microtremors for engineering purposes.

Procedure of «— Properties of
measurement instrument
' I )
Microtremor- —-— | | —-— C(Characteristics of
measurements l | underground structure
Circumstances (Soil structure,
Human activity, Weather condition)

A figure to show present understandings about microtremors.

Microtremors

l
What is the source of microtremors?
l l
Human activities Natural forces
(Traffic and/or machinery noise) (Sea wave under weather condition)
i l
Microtremors Microseisms
(S-wave, Rayleigh wave) {Ravleigh wave, Love wave)
l il
Stable characteristics Unstable characteristics
(Constant predominant period) (Variation of period and amplitude
(Daily variation of amplitude) due to weather condition)
l l

Can we know the site condition from measured microtremors?

l
Is it applicable for predicting seismic motions?

2. Measurement of microtremors in Mexico city as a successful case.

Fig.3

Fig.4
Fig.5

Fig.6

Fig.7

Fig.8

Microtremors were measured continuously at SCT (on soft soil) and UNAM
(on lava-flow) in Mexico city.

Overal | response of the instrument used for microtremor measurement.
Fourier spectra of microtremors related with Fig.3. [t should be noted,
the microtremors at SCT show the property pointed out by Dr.Kanai that
predominant period is quite stable and only the amplitude varies in ac-
cordance with human activities. The shorter period component at UNAM
also shows the similar property. But as for the longer period component
at UNAM, weather condition seems effective rather than human activity
The movements of subway {Metro) as an index of human activity. the ver-
tical axis: frequency (number of Metros per hour), the horizontal axis:
time (o'clock) in a day. It showed remarkable correlation with the am-
plitude of microtremors at SCT as Fig. 3.

The variation of atmospheric pressure at Tacubaya Observatory related
with microtremor measurement at UNAM. It showed good correlation with
the variation of longer period microtremors at UNAM as Figs.3 and 5.
Therefore such kinds of microtremors were regarded as "microseisms"”

The removal measurement of microtremors was performed in and around
Mexico city. The measuring points from No.6 to No.13 were located on
soft soil like SCT. No.14 is the point on fava-flow as well as UNAM.
Guadalupe and Mezcala are located on outcrops of volcanic rock and firm
sedimentary rock, respectively. It can be noticed that the amplitude of
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No.10 (near the airport in Mexico city) is one hundred times or more
larger than that of Mezcala although the predominant period looks al-
most common. An jmportant point will not be the difference of quantity
but the difference of quality (microtremors -or microseisms).

Fig.9 Fourier spectra of measured microtremors in and around Mexico city.

Fig.10 A conceptual figure to show geological circumstances in and around Mex-
ico city and the difference between microtremors and microseisnms.

Fig.11 Comparison of amplification factors among different models. The proper-
ty on soft soil during earthquake will be considered as Model 1-5. And
with all the contribution of many lavers, the top laver is extremely
effective on the result (see Model 1-2). If the top layer is removed,
the property will change as Model 2-5. But it may be noticed that the
long period component due to deep sediment still remains in the figure.
The effect of microtremors should be correlative with Model 1-2 or 1-3
because the source is distributed on the ground surface, while that of
microseisms may be correlative with Model 2-5 or 3-5.

3. Measurement of microtremors in El Gentro as'a difficult case.

Fig.12 A large amount of seismic refraction survey has been carried out in and
around El Centro. (after G.S.Fuis et al.)

Fig.13 The resultant P-wave profile between the shot points 1 and 6 in Fig.12.

Figs.14,15 By estimating S-wave profile, .amplification factor was calculated.
The indistinct characteristics was considered due to gradual increase
of S-wave velocity. (after S.Midorikawa et al.)

Fig.16 Fourier spectra of measured microtremors in El Centro area. Sperstition
mountain.is the outcrop of crystal rock. As the measurement was per-
formed with the same instrument as that in Mexico city, the results can
be compared very easily.

4. Discussions about geological circumstances among different sites.

Fig.17 Fourier sprctra of measured microtremors in the Kanto basin including
Tokyo Metropolitan area.

Fig.18 Fourier spectra of measured microtremors in Tangshan and Beijing,China.

Fig.19 Comparison of the whole results including Figs.9,16,17 and 18.

(1) The difference in amplitude of microtremors may exist about a hundred
or a thousand times in accordance with geological conditions. But the
lower limit at each site seems almost constant because it is measured
on firm rock.

{2) In general, the shape of Fourler spectra looks very simple. The predom-
inant peaks less than one second are caused by “Kanai's microtremors”,
and another peaks at 3 or 4 seconds would be caused by "microseisms”

(3) The only exception can be seen in the case of soft soil in Mexico city.
The predominant peaks longer than one second, in this case, belong to
Kanai's microtremors due to human activities. The qualitative differ-

.. ence between Mexico city and Kanto basin in Fig.19 should be noticed.

(4) The circumstances of El Centro and Kanto basin should also be compared.
The difference is not the size of basin (or valley), but the impedance
ratio between sediment lavers.

(5) Another interest can be found on the results in Tangshan. The geologic
condition looks very simple as pre-Cambrian basement is covered by Qua-
ternary sediment directly. Why is the microtremors so uncertain?
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5. Concluding remarks.

The effect of geological condition has been one of the most important
factors to explain the principal properties of seismic motions. In such
circumstances, it is of real importance to check whether technical means
including microtremor measurements for some special site will be applicable
or not for common use. For this purpose, the site conditions will be com-
pared among Tokyo, Niigata, Beijing, Tangshan, El Centro and Mexico city
using available informations. A noteworthy point might be the mismatch of
informations and site conditions throughout these sites, which is shown on
the following table. Although the criterion of each item still contains un-
certainty, it is really expected to discuss "what is common and what is
different among the sites?" using p033|ble |nformat|ons and to find out
"what should be done for each site".

Table 1 Comparison of site conditions among several districts.

Items to be checked Tokvo Niigata Beijing/Tangshan/El Centro/Mexico city
Seismograph distribution many few few few many many

Strong motion data few few few no © many medium

Weak motion data many few few few many many

Deep borehole data medium {(many) few many (few)  few
Explosion data many no no ves many yes

Top soil condition medium soft firm medium  medium very soft
Thickness of sediment thick thick medium thin thick (medium)
Impedance between lavers high | ow medium high [ow high

e ot m 4 m e A e e e e e e A ke e e e T = = = = e = = e e e = —— - -

Microtremor applicability
for shallower structure easy easy medium medium  medium easy

for deeper structure medium hard hard hard hard very hard
Effect of surface geology

in shallower structure much much medium medium  less very much

in deeper structure much medium medium medium less medium

The discussion tended to concentrate into following two items.
1. On the fundamental characteristics of microtremors.

[Yutaka Nakamura] According to the results of microtremor measurement, the ver-
tical component will not be amplified in the soil layers, and it refiects
the oscillations in the basement. Therefore the ratio of horizontal compo-
nent to vertical component may suggest the amplification factor of the soil
layers.

[Hiroyoshi Kobayashi] The above opinion is questionable, because there are not a
few data containing vertical compohent well amplified in soil layers.
[Kojiro Irikura] The ratio of horizontal to vertical will not correspond to amp-

[ification factor from a point of view of wave propagation.

-119-



[Yoshiaki Hisada] Microtremors has often been regarded as SH-wave. Why is micro-
tremors considered as SH-waves?

[K. Irikural It might be one of possible interpretations based on experiences.
Un-dispersive component in short period microtremors may be S-wave.

[(Hiroshi Okada] Un-dispersive characteristics will be caused by insufficient
analysis. Short period microtremors will probably be surface wave.

[Tokiharu Ohta] Simultaneous measurement between surface and subsurface of the
ground may be helpful to understand the properties of microtremors.

[Teiji Tanakal .To do that, plural boreholes should be regquired. The reason of
complicatedness in short period microtremors is due to mixture of sources
How about performing an experiment with a single source in midnight?

[Mitsuo Nogoshi] The above proposal should be weicomed in order to investigate
the fundamental natures of the microtremors. I hope that we measure and
analyze not only the microtremors of one dimension, but also of two and
three dimensions, in future.

2. On the boundaries of microtremors in applving to engineering pubposes.

[Masayuki Takemura] Is long period microtremors (microseisms) applicable to en-
gineering purposes away from sea coast?

{H.Okadal Yes, we can find the past works.

[Kiyoshi- Kanax] According to B.Gutenberg, microseisms are not always from sea-
waves. [t will be possible to use long period micratremors even in the cen-
tral part of the continent.

[Kazuyoshi Kudo, H.Okada, K.Irikura] From a scientific point of view, the prop-
erties of measured microtremors should be checked carefully.

[H. Kobavashi, T.Tanaka, M.Nogoshi] From an engineering point of view, microtrem-
ors have been used as a convenient and excellent substitute for boring or
other geotechnical investigations. And such demand on microtremors would be
expected in future, and most of all in foreign countries. That is why the
boundary of microtremors in applying to engineering purposes should be made
clear.

Summaries. by Yoshikazu Kitagawa, Vice-chairman of the Committee

"Application of microtremors for engineering use”, the title of this sympo-
sium, must have been full of interest to most participant, because we often have
opportunities to measure or use microtremors as a familiar tool. But under the
present situation, unsolved problems still remain from the origin source to the
boundary of application in microtremors. AS the most of confusion mav come from
insufficient understanding, we will need to-¢create a view of :applying microtrem-
ors as possible as we can. Finally, participation, presentation of topics and
active discussion were thanked.

Postscript

The management of the symposium was carried out by the following members.
Co-chairmen: Kunio Wakamatsu, Haruhlko Yokota and Kazuoh Seo
Secretary Hasayuki Takemura

This manuscrlpt was submitted to the Research Committee which was held on
Sept.13,1989. Kazuoh Seo-should be responsible for the translation.
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Appendix
THE SYMPOSIA ON GROUND VIBRATIONS
- Research activities on "tEffects of Surface Geology on Seismic Motions"
in Architectural Institute of Japan -

Theme and key wordslin each symposium

O The 1st Symposium, 1972
"Earthguake ground motions which should be considered in anti-seismic design”

Strong motion in source area, Long period motion, Source mechanism, How to
evaluate ground motion and response, Procedure for anti-seismic design,
Seismic bedrock, Multiple reflection of S-wave, Body wave and surface wave

O The 2nd Symposium, 1973
"tarthquake ground motions affected with strain level"

Seismic strain, Source region, Rupture model, Microtremor, Weak motion,
Strong motion, Shear modulus, Damping factor, Local geology, Non-linear
response, Microzonation

O The 3rd Symposium,- 1975
"Earthquake motions observed on the ground - on the Izu-oki Earthg. of 1974 -"

Observed seismograms were offered by 15 organizations, exchanging data and

informations, Observation of weak motions, Observation in bore hole, Simul-
taneous observation, Particle orbital motion, Importance of clock, Attenua-
tion curve of PGA, Dynamic range, Earthquakes with very close distance

O The 4th Symposium, 1976
"Longer period component in strong motion - Recheck of input motions for anti-
seismic design analysis -"

Period maximum and amplitude minimum for earthquake engineering, Base shear
coefficient, Building code, Evaluation of strong motion data, average ac-
celeration spectrum, 1968 Tokachi-oki Earthguake, 1923 Kanto Earthquake,
Long period microseism, Deep soil deposit, Simulation of strong motions

O The 5th Symposium, 1977
"Classification of local ground condition and earthquake ground motion"

Seismic intensity, Survey of damage, Overturning of gravestone, Question-
paire, Topography of base-rock, Effect of cliff, Microzoning map

O The 6th Symposium, 1978
"Present and future situation about the studies on ground vibration”

Seismic bedrock, Topography, Long period ground motion, Surface wave,
Regional risk analysis, Underground earthquake motion, Identification of
seismic waves, Motion product seismograms, Array observation, Comparison of
research fields in earthguake engineering between Japan and USA, Prediction
of earthquake disaster, Application of seismic risk to anti-seismic design,
Interaction problems between soil and structure, Trends of recent researchs
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O The 7th Symposium, 1979
"Scientific problems reviewed from recent destructive earthquakes”

Recent observed seismograms were reported by 17 organizations, 1978 Izu-
Oshima Earthquake, 1978 Mivagiken-oki Earthguakes, Distribution map for
ground condition and earthquake damage, Questionaire survey, Human behavior
during earthquake, Anti-seismic consideration for fences and buried pipes

OJ The 8th Symposium, 1980
"Recent trends in studies of seismic risk and zoning"

Seismic risk analysis, Regional seismic risk(Sendai, Kawasaki), Estimation
of short period motions using fault model, Prediction of intensity distri-
bution during major earthquakes by means of fault rupture and site effect,
Estimation of seismic source parameters from seismic intensity analysis

O The 9th Symposium, 1981
"Problems in studving about features on input motions and building response”

Object and activities of the technical committee, Mechanism of building
failures, Simutation of building behavior during real earthquake, Source
models for evaluating PGA, Development of studies on input strong motions

3 The 10th Symposium, 1982
"present study and future trend on design earthquake motion”

Evaluation and application of strong motion records, Empirical attenuation
formula, Geological condition, Synthesis method of strong ground motion
Utilization of artificial seismograms to seismic design, How to use longer
period ground motion for anti-seismic design of oil tanks, Review of effect
of topography on ground motions, Theoretical and observational approach on
long period ground motion, Anti-seismic experiment using shaking table,
General discussion between engineers and seismologists

O The memorial publication titled "Seismic motions and site ground conditions”

O The 11th Symposium, 1983
"Studies of earthquake ground motions and their applications to the aseismic
design - In memory of the decadal activity -"

Review of activities-of the technical committee in this decade, Earthquake
and seismic wave, Strong ground motion, Dynamic behavior of ground, Obser-
vation of earthgquake ground motions, Seismic zonation, Input motions for
anti-seismic design, Seismograms of recent destructive earthquakes, Panel
discussion of existing problems on application of predicted strong motions
into earthquake disaster prevention

O The 12th Symposium, 1984
"Today's problems lying in the study of ground vibrations - Taking the case of
the Nihonkai-chubu Earthquake of May 26,1983 -"

1983 Nihonkai-chubu Earthquake, Strong motion records, Damage, Focal proc-
ess, Site effect, Strong motion prediction, Liquifaction of soils, Effects
of deep soil-structure on long period earthguake motions
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O The 13th Symposium, 1985 '
"The studies and applylng methods on the observatlon of earthquake motions"

For what earthquake motions are going to be observed(focal process, focal
region, deep ground structure, firm ground, strain in the ground, inter-
action between soil and foundation, etc.), 1979 Imperial Valley Earthquake,
1983 Coalinga Earthquake, 1978 Mivagiken-oki Earthquake, Hypothetical earth-
quakes, Strong-motion instrumental array in IAEE, Proposal for observation
of strong motions in USA(Parkfield array)

O The 14th Symposium, 1986
"On the Mexico Earthquake of 1985, comparing with Japanese cases”

Strong motion records, Source mechanism, Geological condition, Soft soil,
Effect of basin, Clear later phase, Application of microtremor, Seismic
microzoning, Building code

O The 15th Symposium, 1987
vaaIuatlon of attenuatnon or damping phenomena of earthquake motions in prop-
agating process”

Attenuation of PGA along the distance, Evaluation of damping coefficient by
different approach(Laboratory test, Field test, Gbserved seismogram), Non-
inear response of soft soil, Evaluation of Q-value, Seismic wave attenua-
tion and ground amplification from densely surveyed intensity data

[ The 16th Symposium, 1988
"Effects of ground condition on earthquake motion characteristics - Studies by
means of observed seismograms -"

Seismograms of 1987 Chibaken-toho-oki Earthquake were offered from 21 or-
ganizations, Effect of surface geology, Support of the ESG Workshop, Review
of strong motion observation and researches on ESG in Japan, Recent circum-
stances of observation and research on ESG in Japan, How ESG is going to be
considered in USA and other countries, Introduction of IASPEI/IAEE joint
working on ESG, What was observed from 1987 Chibaken-oki Earthquake?
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