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40. RBIIRES T3 5 MR EE D 55H)
=D 3. KFHECT I 2255 5 Love 3%

wiEpem O[O B fE
("0 56 4F 10 B 81 H M)

. gL&IC

KA E OFRHAREE 2R 0BT 52 A8 o v T, Bk (MM, 1981a,
1981b) CIREHKEE D GEXIFY, THAEED BE) e # 2 pEE, WMI/TEHL
TR AR Uie. ARy M (Love I%) X 5. Zhuk, FRINEI I Lo
FHENEECEMBP TR S h T 20005, BREALAICERTETE D (eg. TRIFUNAC
and BRUNE, 1970; If;, 1970 ; BOUCHON and AKI, 1977; Kupo, 1978), #Brild €<
KEAMh 2 v 7 i EORRED ORIMC v, ERIEGE (T i)
DFE R M SRR K2 EE 2 5 ETHIIC » TE WA d £ 3. fEEm
WO, MR LT HERMPEOELENE N LS H o CHTHERELICER T — F
R X -TRD, L ORENDTE. 25T, EANERECERT 7% 5,
Bl B O BE T OHGE (Wb, 1978) ikt LTkl 5 BAEEE D Love ¥ 0%l 4
km Th B2 b, 1kmFREORHANE OIFIEC R LTS O BEL ) 2 in TS R,
SEAEGER TR0 LT - T B, 22 TR S & 5 K FEF AR H I T 2 EK T
LERMPIH LT, & TH TS o TEZIMBARIL DTS, 8 x ORI
5 LT o OPED s S Cv % (eg., HIGUCHI, 1930 ; R. SATO, 1961 ; GHOSH,
1962; ALsSop, 1966; BOORE, 1970; £33} « (LI, 1973; YAMADA and SATO, 1976). Z
WMCAREREY BT 2,8 OElxENT 5. LYSMER (1970), LYSMER and DRAKE
(1971) Frxc DFEE A TRBUIIRGS X 2RIk ORI A KD T B, bt
H 2 bR EEnT R LA MRERGRA L EROBEGMEEE LTmE, FamcdTs
- MR ERBANGE /T 28R IESSF L LA S5 HERREL, a0t — iz
DWTHEER Lic, L L, TOFETRER AR D7D < 0 g Euc i UG i u
TREEREHEDLBEND Y, FELEETHS. o T, EERHTULcA RIS
HBREML C ETWHAAZTEIND L 512 Lic. AT AT OMEAH% 5.

) SEAUEES AT 2580 « ZRoOMERY 45°, 185° offififgx Lo
oW,

i) MHGEYHETA5E

iii) HEEOIERGEC T 5 Love ¥k 0iRITEN:

2. Love B D4 & FODWEE
Fig. 1 WRENDPT 270k B SH BORE (G- v 2 20 Az
ZXEA DAT 5 7) T B, OGN, B2 2KETHB21S, B SH B




B G fE

3.3 (kn/s) 2.5 (g/cm)

Vs = 1.2 dersity = 2,0 B o= 1.0 km 1

25 km —

Fig. 1. The finite element model for Love waves. A pulse was applied at the
left upper corner and the dash-pots were added on the lower boundary to
absorb the reflected waves.

T, FE3 % Love #ix¥i Love #CH 5. Love WI3iEHA bk X f17- 0k DL,
B, ITEOTFWCTRIALT 205, TFADKTHFDR I ok < & 3 05EH0
HBH. FlTT AT DO RGHEDRALMT B2 01, WEHAIAE < & H4H
M., T TRTRCIAZTFMEERC dash-pot %) 7. dash-pot (377[RIES
FEFNT, SR EOM AR I LRSI TS 2 bh b, chiz LYSMER and
KUHLEMEYER (1969) 1= fAVEBI RIS 4 1ICHIET % (0CA), THKII M5B, = 2T (pA),
1% dash-pot %4 HELA O lumped mass TH b, C, ZWHERH HEE B A4
MEETH .
PHEA B LT, 1% 200x200 (m?) DIESHEHE L, 23 200 X500
(m?) ORFVELE Lte £ 5 ¥ o 4 ALRIED BTHOWE  BIR W3k LRI
. 0 - R RIET. B oBE R EL
o LW %78, AIRBEERE TR i A
S\ e MO IRBIL TR BT 5 7200,
B {51 B high cut S hisb o

-./\ /\,ﬂ\ruv——* . y
mfju» 25, T DOWTEE TR D.

N Fig. 2123 b h i B itk a k7.

B L BLUMCRTRERLETF = E v

v__./-\vj\/\,.,w’«,——’— 17@’\/(77~y“'74/]/§"_723\lm

__/\/\/\/‘mw—— Lichb DTCTH%B. head wave 120
7J»f\/\/\r-~m——/ﬂ Ehi & Love I & Wi 5 KRR %
— b o RIS YA TFAET 5. B
— TT, Z OUREN BRI SR
% Love HOFHERAT LTV 20 %
MBI XY, Love #THh 5
AL (1
i) Fig. 3 iBERE (1) 10
I p— km TOU ST HAC AT B
Y /N WHRTHD. Wbhuc, FEmET
S .\ FHINCIRIT, % OWENLTE L 7%
Fig“j) 2. Calculated seismograms on the surface LR L TR D, HiipEo 1o
for the model shown in Fig. 1. DOF R A 5 T B B,
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ii) 4=10km, 0.5 Hz 1=} % . ;
VES ORI 2 BRI (K o} - e e
ToF) ERBLTAL L (Fig. 4) o
T’l—g 01; it} p\—-ﬁ < ﬁ LT [P %l_lrﬁ‘ e P e e e

ﬁD Fig. 5 it Fig. 2 Tbh “ﬁ{;jjj:%;fQ;;:i
TR D 7 — ) =R DRD AL Y A
AHNE & 3k = — ¥ TR Rt f e J\

LRI L DTH BN, BB - - \/Aijv; -
HOBEREICE S E - T 5. e

iv) Love I D IRIGFEM: & B iR i Fig. 8. Computed waveforms with respect to

. . - the depth at the epicentral distance 10 km.
g Lie. Fig. 6 OWSIIES ’ P

ftic, $RECHT S amplitude Amplitude
function #HEAECTESLLIS 0 &

DTHBH BT EREFRMT, ;
4=10km TORLOFEFA~2 b 2t ¢
N% source function DFI TR
L, EHREAMATERLLIEL D 4t o

ThDH. WHIRE—FKT B, &
B CETHESRZD DI 5.

AT AT R EE A L IR 2
5/ 5.

D Eofatn s RimomdcRie
It Love I TH HAEAHER
Ehi. &2 AT Love 3R
SR BIRI C —ETH 5. Sic ; e FEM
T BT TR PSR # L
FedREE ST 5. Fig. T 22 0o®
ErHaLieb o, 4=8km & L
18km & D 23EH DA< Lk :
ThHDH. HII 1ERYVIcEEh r
HEHFERERLTE D, RIECKL
90% LA EDORSEE R B3 570 BT, Fig. 4. Amplitude distribution obtained from
W4 AR 118~1/14TH the seismograms in Fig. 8 at 0.5 Hz. The

. . broken line is a theoretical one of the
YRS B D. AL, £ fundamental mode.
FRIEME 10 km, £ » & =1 X0.2X '
0.2 (km?) LWHL&EBDOTTHhAB. ZDF, 06Hz BEITIIHETE AN, HEND
PRI OV CREC R T B L vWE s 5.

(wx) yidag




3. Ris!
§- i : Ve=12 Ro=20 H=10
g L : 33 25
g N oo ~ theory(Lo)
Ay o O FEM
< : -\‘
= [ O
3 O
o O
A 3 O -
S RO NP RN R R S

|
0. 1 2 3 v 5 6 7 .8 (Hz)

Fig. 5. Dispersion curve obtained by the Fourier analysis of the seismograms.
The broken line is a theoretical one of the fundamental mode.

-------- normalized eneragy function (line source)

o normalized amplitude spectrum (F.E.M)
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Fig. 6. Comparison of characteristics of the amplitude between the F.E.M.
solutions and the theoretical ones (broken line).

3. #i# - ENTEFSERAEOH BHE

EBER A L CEBREVHUOSE, O inv—Bo%a, RUE
FEAER LT 2B ETOWTHRT 2. £ 2 TOHANE Love BRI AGt Lic
OSSR BC ORI EE M ST 2 TH 5. REBERIEET 554D Love I
DEFEOMBICR LTE > OWger h 5 (HIGUCHI 1930 ; R. SATO 1961 ; ALSOP, 1966)
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LOVE WAVE-ATTENUATION -

10 100 50 30 20 16 12 8 (L/ax)
o
gt
©
= — 10 km —
05+ ' n
aAX = -2 km ]
1 1 1 1 il 1 1
0 ) A .6 (Hz) -8

Fig. 7. Spectral ratio of the seismograms at the epicentral distance 8km to
the one at 18km. TUnit of the abscissa is the number of elements per

wavelength.
1 2 1 / 2 1 2
3 4 3 ) 3 4
(a) b)) (¢)
1 5 1 5 1 5
3 3 3
(d) (e) (f)
No. Vs density H=1km
1 1.2 2.0
2 2.0 2.2
3 3.3 2.5
4 5.5 2.75
5 2.4 2.3

Fig. 8. Schematic models illustrating problems of Love waves propagating
across a discontinuity. Upper: eigenfunctions on either side of the boundary
are similar to each other. Lower: not similar. a., b. and c¢ are the slant
angles of the discontinuity 90°, 45°, and 135°, respectively.

P B DOEFIFRC R TERTMZ AL Le Love BEAEBHICH LV Love % UHL
FTAFEMCEELTE Y, BRSO OMILEOEMEEE L Toirl . HRFEHREILEL
Rt s EEY—E T TRIGCEIERL, BHLTWIRERZRATE2IETH
Bk, HRCRETHTHS D LI URERTHETH Y, BT ORI
& X hFECIBE & 2t S h .
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a) EHRBEKIAELOES

Fig. 8-a iR LAcE5 2T Love xStk xw 5. Bohi-iss Fig. 9 R,
B4t Love JEmLBLIL, %8 Love Bz ALt Love ¥4 X hiRIEAV XS TH D, 4
HHE D FHFIC IR o T b, R L CORALEROVCEADRAMN S TORLED A7 b
AR D o TS EBFREE L, SATO (1961) D& i L4 o Fig. 10 ¢5 5.
Bifih & UCREB DM AS O THEEOREE (H) L3R (L) Lok b2 Ths.
AR 0.THz M Tl BV —FK% 25, Zhid 2 oz i Love I 0iRIE K
gz & (Fig. 6 2R), S5 %N UCEBRBIEIHLILTH 5350 bR HE Lic
Wbk ks EBbhs. 0.7~08Hz TIZ A7 b L SATO Dk b LAk %%
LB OHESRTbh T 5.

KiZ Love DT AICK L 45°, 185° offifhh & S8 RE RS 2854 (Figs.
8-b, ¢) WOWTHENT 5. = ORTCERSICK LTI DT s b F Bk
WETH S, Figs. 11-a, b 3£ 4« DLPAORLERTL 0T, Fig. 9 213481 b
source function, A7 — A THinh Tk b, ZFL KT 500 X HENEHERECE
5. R4 Love Buiffiftfand 46° OB, Z ORI AZ <, %8 Love Sk madise
DH/ANEV. Fig, 12 HEBROBEL 2R UFECHLRI A2 FAERLT
B, WOz SATO DHIEIC X A MBI FCH T AMA B TR LTH S, W
I 46° DEFIPNE L FELR D DR R T 5.

b)) —fFKoEa

B S UC B BIEA I C o — i D84 oW T ALSOP (1966) 3= 5 /L % —

20 30(sec)

2 T -
‘ L oFEM
[ 1 O — ""_.‘.. .
| S o%
¢ / . [ J
L ) "o
1 - DS I R N ‘," ° “-\
. :;“:E{}j?fww ) SATO
R N\ ———— |
T Vv 05
L A L V12 Pe2e| vs=20 S22 o
I I 3.3 2.5 5.5 .75
0 e S L
2 —— e N —
o » o 0. 2 A .6(Hz2).8
o 0. 1 2 3 4 5 6 (HI
Fig. 9. Calculated waveforms for Fig. Fig. 10. Spectral ratio of the seis-
8-a. mograms at the vertiecal discon-

tinuity to one at the same dis-
tance for the horizontal layer. The
broken line is the solution by the
Sato’s method.
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¢ 10 2 39 (sec)
1'_ T T

) .0 20 30 (sec)

! Jh\_p [,

Fig. 11-a. Calculated waveforms for Fig. 11-b. Caleulated waveforms for
Fig. 8-D. Fig. 8-c.

T A T
L ( mFEM
o A L |

1.0 ) 10

As

L A (,"
ALA

05+
0z 4 6 8(Hz) 0o 2 4 6 8(H)
0 4 .2 3 4 5 6 (H/IL) 0. b2 3 4 5 5 (H/L)

Fig. 12. Spectral ratios for the inclined boundaries. The result by Sato’s
method for a vertical boundary is also shown as reference by the broken
line.

WFEM S5 F e XN BT « BB R A HELRIRH L5, o 2 ClagHRae
BR & O Z oFEE AV, Fig, 8-d 0 X 5 TEN G L EERTN R DY
B OWTIN L. Bbhkcigy Fig. 13 wind. FoREHsAms 456°, 135°
o4 (Figs. 8-e, ) extT 254 % Figs. 14-a, b i3, “hb O LKL Love
FORMEERAP PN E e Dok EL B0 BH bh, (2) L& Ao E
1%, %2OBALCET HA7 P ALROEASNIS UTERL B 5 AR
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i scoFhw Fig 15 iRt o=, iy 45°, 185°, Mt 90° okl
HAEER AT COAR 2 P AREFDL LTS, EBH ALSOP DK X 558
ERChB. - DEFADEE, BEREANLTHUOBEABE RIS o, ALSOP O
“not accounted energy” HiA X & 75 5. it LT3 ALSOP OFEIC X AL Y=EHLD
k?<,%ﬁﬁﬁ%<ﬁkbfmé$%%b6ﬂé.cm%ﬁ%ﬁ,%%ﬁﬁ,ﬁﬁ§%
%Kﬁkém%ﬁﬁ%ﬁﬁf,ﬁmﬁ¢é<téﬁmm1m(@@EX)%&%W%K—
&Lfv%.%ﬂkf@x&abwﬁ@(@@%%&@%@ﬁﬁﬁ&bhéﬁ,:@%ﬁ

]| ——1I

[ ] | 0 (away from the boundary)

u ~N

(on the boundary)

0. 2 A .6 (Hz)
L 1 i 1 1
A 2 3 4 (H/L)

Fig. 15. Spectral ratios for three boundary conditions shown in Figs. 8-d, e,
and f. The broken line is the result estimated by Alsop’s method for a
vertical boundary. The open circles are spectral ratios of the seismograms
at points far from a vertical boundary.

H h Vs=1. H=1 krn density=2.

‘ X

! 3.3 (kn/s) 2.5 (g/lem’)

Fig. 16. Geometry of the problem of Love wave propagating through the
structure having a convexity.
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A X - T3 ALSOP DJFHEIC X Mk b 2fERERERAH L2 HWHY, Bl
TIREEHE QBB IR & e Tiathr b, R 185° DEEMICRAEEIR 0BG
L, EBEERK 40%, 45° OBA, KA 40% KEVImivex, B LE
RHHEEL I 65 C ORI OV T~ OEEN LI THH 5. :

4, MEELEZETDIHEED Love K

Fig. 16 © X 5 /e P %% 2 5. & olelit & LAk ORFHEM O Berkely
{4359+ 5 Colorado Plateau, Golden 1= Z A Hi T #4321 & 41 % (STIFLER et al., 1977).
= R Rt 5 Love I OEIFOMENL, 2 00LEEERA L HHAEOHELTLADS
WATE S, EENEECH LN EWEEAICOVWT, MAL and HERRERA (1965) (3iE
T a VT Love JEOEELEZEER LTV 54, & & TiXZ DR BRI ievs. h/H
=0.4, 0.6, 1.0, X/H=4.0 = 2o\ CH#HT%. 22T hH=1.0 ML EEL T3
LAWY TT. %40 hH 3§ 5% % Figs. 1T-a~c WRLTH 5. EFLFRLDH
BT HEET L DY R LTH D, ZOREDRIFCHT DA 7 — MTFELL
EoTHAMD, h DRKEIC L BHUEBEXZHITNRTRELS. Wbt b DXKEL
BEG Love Sk E < HIEL, McEAE ORI S V. Fig. 17-¢ o454, bk
AT LT BEATE, 4=16km L THEO Love HE2BR ST\ BREZAS
n5. ZoESAH L Love 35k, Mm% Love & LTUEIFTEX /-2 b ALSOP O
FEEBOAIENTEY, BRI LRELLIEE LW HREREORIREE S
hEfEE V2 5. Fig. 18 PTG ERENRCT 2 A2 P A lER L. (@)~
(e) 1% « AT T B MilEE & OMEBFRERL Tuwa, oI, BH,
Bz Ehh B/ H=0.4, 0.6, 1.0 w4+ %. B misE o (X) 2R (L) <k
Lich DRBRE LTHS. CORITEMTOELYEBFRLERT 2 L#H2 bh,

Sis- @ 15— ° 15— °©
S i (
9 !
= % ‘ l ,
10: ; o f
210 , / | '
o . ;
51— 5 . r \
L. T .
0. (X/L) 10 20 0. (x/t) 10 20 0. (x/L) 10 20
C
° P
b=t e
.51'5_ M5 a b ¢ d e
= K
a H v
E1.0 10l< " L Jn
TN N f
nd !
51— e 5— h/H = 04
--------- h/H = 0.6
I N I I
0. (x/L) 10 20 0 (x/L) 10 20 T h/H=10

Fig. 18. Spectral ratios of the seismograms shown in Fig. 17 to those for the
horizontal layer. Dimensionless frequency is given by the ratio of the
length of the convexity to wavelength. a to e indicate the relation of the
positions to the convexity as shown at the lower right.
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/KIS NS VN
) h2NXGEES Love HORIFI A Z Lo,

i) X/L=~0.6 i CcA~27 b AR T 5.

iii) h/H=0.4, 0.6 DGH O MG ECl, 12IST T OMBCKIE Lz 22 — vk o
&, T ORSE Y T L CHERNMC 51 % amplitude function & Hi3 24 x
Db,

iv) R/H=1.0 Y& OMEEELGE T (© 25 () ~MTLiwohiRiE iz Ak E < e 5
filmic® b, Love PHLTEREN TV DAMECTE S, - OICTENERT 254611
TG b Ao, FIAETTIRE O MRS OV EIC 5 TR R TR T LT
WA ST WS (l, 1978). $E - BT RIS L, JEFc HRIE &5
Breinoio.

5. HIBEOREBELECHT D Love &

GETH > TELMTHEE € 5 112 Love DYk %1% 723 D & DTHEIN TR -
oo ZZCRMWTAGED WD Sh, WBMBIMER B O [— B R, B0 B—a g o
FHEE (Wfl, 1978) ok L, WHSEOEMERIE O S Love B ORENT DT

YUMENOSHIMA-TAKAQ

0 Yu 50 Ta 100 ( km )

11
0 20 km
S S—

10 ( km )
Vs dens.
1 1.0 2.0
(a) 1T 3.0 2.5
YUMEMOSHIMA-DODAIRA
0 Yu 50 Do 100 ( km )
I
8¢
0 20 km
| S S—
10 ( km )
Vs dens.
1 1.0 2.0
11 3.0 2.5
(b))

Fig. 19. Schematic models illustrating the underground structures of the Tokyo
metropolitan area.
a: a profile from Yumenoshima to Takao.
b: a profile from Yumenoshima to Dodaira.
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735, KUDO (1978) (X F&BEMMEA I B ovic S hisitiBic o\t R O E A
WMk, 1978) EHWCEH T — MRS X h RTEERTS AR, 2 & LRz LR
—HEHI. o T & TR & BSOS E I TS & & DREDHIE 2B h
LD %H 5, Figs., 19-a,b IC 4 2 DPURC KT B HREHEE 5 4 ORIE AR, » v
Vo WA RIEEH TR A O HIBR s B 2 IF TH 400 X 400 (m?) i< L, IO TR 400 %
1000 (m®) iz & 7. P TRIEEHNC IR © & 2B D OBk cH 5. <51
TUE CORILL ~ 528, 58.6km THbh, =Ll dash-pot TP, o
T Yu, Ta, Do Z0R, HRE, #PE25RT. BETF oS 20 BTH T Oz 4
L<, Yu ¥C 20km & L7 Figs. 19-a,b OXFORA DX 13 2.8km, 8.6km
B, Yu BHFTE 24km TH5. BRBMARRMESTIELTW5L L, AT
EE 1km OFATRT L Lic, EAREIRKTTH 50 b A MEICTD » 7o iz A SRR
ZF BIINMERTE T B DL LTk ), Tz A b 2EE L 2 E L.

PO RET 0TS, RO Figs. 19-a,b 1R Ui FHES = S e+ 2% 2
Fig. 20, Fig. 21, Fig. 22 12553, Fig. 21 T2 50 4=60 km -CIRR2 ST
2L 7e o> T %, Fig. 22 T 4=60km {352 AN, MBI E 75 Tus 5. It
DD B DG Love A RIS HiL 5.

SPATIR O E & OSLERIENRC S T2 A2 M A% F1g 23, Fig. 24 1w#3. Fig.
2B wAhBHE A<S0km TIZEM 10 BT C 1.8 FEE, 4260 km T3 kiHIC IR S C
w5, —7J Fig. 24 Cit 4=40km TF?JU] 15 BAEc 2 5B E hTk Y, 4= 30, 50
km TR 12 B~14 BAET 15 (SFERMIELZY, 4>60km TR S T3

Pt b
A i & LT OBA e
20 gt %N?}Qp —— NI DI 2 B LT, B0
1 (sec) BT RIS
N N U L LT b SRR
Y TENTHD 5B, B E—MERE
r R LTREOEALH 20km @
o pame YN fH3EC, JI 15 BEED Love ¥
£ TR RE L ige b L 242
o0 b A WIS DIRIEY b b, BWATFEME » 7~
] @i?;’:’?\?’z%/_érﬁﬁ_ AR L1 e
f /\/\ ' bR, ¥, SRME, &
CET U J Wﬁﬁ@mM$ﬁi¥ TR
3 \\v\x/,//// MoV LDTH 5.
70 \ 1 1 1 1 ] b ' 1 60 ?5 b U [:
N AICRARBEREL A, T
SE W\/\Ax/\ JEe 7 & T A0 X AREA

HiigEns Love 3 0 FsdEc Fus+
W T il X7z, = zCix, Love

Fig. 23. Spectral ratio of Fig. 21 to Fig. 20.
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Fig. 24, Spectral ratio of Fig. 22 to Fig. 20.

% DAY transient excitation 12 L » T B7cd, LAY RBCHBIHENTE, LEE
DRtk Hice b 2 AT EL. FEOBMMT — 2 1T A MRSV T, BEMD
BN E O THEEOEMA B TS T & TR Lk HEn AR L A 5RTH 5.

Afie ¥ Lo p 1 Mic b, MEPIIEIIGE S 230 G A HIES A2 TRV o, HIRKHHE
SEMPETR RIHEIICE S DA THER G- e, E iR EF%“WIK%ﬁ%ﬂH:ui E
BE—FRCESL v 7 2B L, B4R LTHVE, S CKBLTHERER
LES. M, AR CTOFHRERASABHAR v & — HITAC 8700/8800, HITAC
M-200H & X - 7=

X i3
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40. Behavior of the Elastic Waves Propagating through the
Irregular Structures. III. Love Waves Propagating
through the Nonhorizontal Structures.

By Shinsaku ZAMA,

Earthquake Research Institute.

The characteristics of Love waves propagating through the laterally heterogeneous
structures were studied using the finite element method.

The waves generated by the transient excitation are identified as Love waves through
the waveforms with depth, phase velocity, and amplitude characteristics. On the basis of
these verifications, we have treated the following problems.

First, we treated the problem of Love waves propagating the structure with a discon-
tinuity. It was shown from a comparison of both Sato’s and Alsop’s solutions that the
effects of body waves scattered at the vertical continuity are not negligible. In the case
of the structure with a slant discontinuity, it was found that the smaller the slant angle
of discontinuity the larger the amplitude of reflected Love waves.

Secondly, the problem of Love waves propagating through a structure with a con-
vexity was examined. It was found that the higher a convexity the larger the amplitude
of reflected Love waves. The Love waves were formed anew after passing through the
outcropped convexity.

Furthermore, we studied the characteristics of Love waves propagating through the
structures of the Tokyo metropolitan area from the viewpoint of an earthquake disaster
counterplan. The finite element solutions for the models close to the real structures gave
about a two-fold amplification at the period about 15sec in the northern part of the 23
wards of Tokyo in comparison with the solutions assuming the horizontal layers. We are
alarmed about the influence of such waves on the huge oil tanks and high rise buildings
ete., which may have a longer natural period.

We emphasize from the results of this study that it is very important to investigate
the underground structures in detail.




