N

OB OB R O R W
Bull. Earthq. Res. Inst.

Vol. 47 (1969) pp. 145-163

10. HRFEFHIZ BT 2 o REMIR
HEREFR 1B M=
(FAA143 4 11 H 26 B RF—REF143 4 11 7 27 H 23

1. L & I

HEE BT 5 KEEZE N WEHBedclE, FOBRCRTsHBro s 00nRE
Bk, b, FO L oBEYMOWMEEY LMK THLERL D, BEH
BLTwziE, Wb b EEEOWMBERCET 2 HANRESEESY LT, BT
B ORELHEE »C, nonlinear OWHEBICE THEBBTTOON TS, LThiC
bbb, RECHBRCHIEL D, HiEY L i s o interaction 1 BIEL -5t
FEEBACDI, DT L, —ORIHBRAYER T AUEOSHIEE S E VL
HEThYD, EENRERILIN LT EROBEANOEEBNILHAN LT R LI 7
7edTEH D, LIk o CTHESCRNTE, FTHROMEELSHLLILLALLET,
Y L OBEL R TAONABEEEZD.

TTHBOBEHOS ) X FXFEANL DI, FREERT A PEOMER MY nE
I B3 ETh e, CREOERE, BERNEREDLS P, S BOHEER IV
FENAEXFTNE, BHEABERRCIVEL ZEAMES. e S BEER, HBHEOWE
CRE U iR R Sicx b, LrbHBEOR S HoRIEIL P EoZh E BT 55
CREVWHD, BEYDL2HELRERIXS BThHDEELTH TN EHEN TR
WTHB S, LhbIc, ZOHEHDDHBOFIENRL ST WD -0, Blcsk
WT S HERYEECREIRERTAZERTFHEHE SN T THS, BHCWIED,
S WOREER LOFDERBICETHIFENTTEH, NERERN L, S X LHMERE
PIEED X 5w D, BN D R HR OMEE A D A DB, ;

B W 2 B O b S B AR T 584, £ OBRE CRAEN L T RECE
MEETHZEEICHLNTWS, FLTEOEADL Y ST, HFEMOSf vEe—K
VAEBMKETREREVEBEWDE B A LW, Lt TEE? D RIE Shic iR,
ERROETCHRE O ERE L BRT S0, RECEFDREFEELLNLED » T

K, EIAT, BRERETIHIHBOBREL, FREFBRVWEZELRL. b

F0 X5 eHBEIHBACKEI 5 E W - T ERIREELRNNTEIRNTHS 5. RS
Bsh 2 bR HBNco S Fo#EE, granitic layer & Xi¥h A& EET 3km/s
LXRNTWD, FlERTOENT 45km/s ik IhTWw5b, BHEEHEROBEND
HWEAORBIHBN TR EW<Y PO EREBELRS EBbhbhb, EER
S BARTZOBEDEEOEML WD, EETHERF TS T HEBOEMILIIEZ
EVnbBLHLWEDTIRRWEEbs, —F, RCHBI IAEEL)TRTL, b
P LB S » TR, e 200m/s 7ob3°0 S PEEY b OHBRAELFE
HETHEPRBEHL NI T &, 2DX5Z e, #HEICGEL KRV,
EEO~YEVEF AL ENTEERS, coz L, SWEETARY, HhE
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R CTRBRENETHL ETNE 2L, ZLTERL I WEKBBANCIT K5 EERA D
MR, BRI OB O TR KIREY 375 L, FITBRYEL I8 5 ER
ChVBALZLEB L2 TSRS, 2oL REBACT T, S EEEFOEESHEXYL
BTN, oS BT 5 MERC KT 5 HBROBREOEKEEY FRITH = Lok
BELRWIgW, L ZATRAIL, EROBBEHEAND, ZADOLTMIh BT TtLE
ENRERDZEERARRLCnD, ChREN RO TEEDLN VLSO THS
EThE, S BOMTHRERERC XDMhCiThbliudnbianc bicic s, ok
2, HEOTH & W5 X5 h b5 BEEOL S ORBIUC KT % BEK T Do 0 RSk
TRIEVWES, BREZTLEENSGEZ TCIRESE VREENTIERL, CORAERER
SledEL DRSO, HEBMEURER SN E— YV v I/DF— 2 —DERTHS,

FRCBCE T, TS T ELOMOMITHEROIC DI, £OBMRICE » CHEFCELT
ENTIcoN, LOMEMESEE L SHERRD T TR - TER, Lk TERD
HBTERTIRENHMBAYEZLS S FOEEL L HATRE, HENERITE L,
SEOHTHEELRS ZEHVHELTHA Y. £LTIhrbHBROBEEOBERNE
IVHEEHERLTHA S, Tex1L, ZOHMNDLDE, HHEHIZENT S Bic ko
BEEYERL, HEE S WHEELOWHEZL LD TEX. VDY FO-EENDF — &
—d8E D, ARCBETLIRILOERL 2O, L2 TCUEDE L FEERO TR O
BACGHLTARES.

2. &% i

EPREORY L 705 BN, EHHEEEAR, SEERERCIES £ v
ISREOERBILIOEEE L, BiEOD BB, HERRELP.LELT, Fig 1k
KBRTRLTHSD, ik, 7 ERCEAL TRERERCDY, LEOKTFHRHE L HGE
L% (Fig. 5 ). CoWEERTHOREN B TEELY LDTL0THD,
TH —#H OB OREHIRE /TS D CIFLERT — 5 —Th b L E2 b5, Figs,
2-5 il 4D OWTHBOEIDIAE D ETE B EALTRL TS5,
Tables 1-4 RIFERI» LFEA L »ZEOES (M) TH5. BEWE, FhER

TS =* B  Top Soil

AC WhiEks+/E  Alluvial Clay

AS www®E  Alluvial Sand

DC #tA#i+/B  Diluvial Clay

DS #:#% % )8  Diluvial Sand

DSG W= Diluvial Sand and Gravel
Tho. L, TS WEFERC L D ERYENERYEEDOELDEIZ W EELL
NS, LoaLenbRThE&EE 3m 22253 DEBALRYLW, L, Toh

1) W5 08 B - KE 45 - MR - Ahmed ALLAM - B)IIRIE  BEFET A 44 (1966),
731-747.

2) BB - KEH - R E(E - Ahmed ALLAM - WAL HEBIFFES 46 (1968), 759-772.

3) BB - KEH - MIRE(E - THE—% - WAL JBEPIRFEN 46 (1968), 1301-1312.
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Table 1. Geology and thickness of each layer (in m), Route 1.

el [T
tion } '

S1-2 |TS 3.3DS 0.9DC 0.8DS 11.9DC 7.9DS 3.4DSG
S1-3 |TS 1.1jDS 1.5DC 1.3DS 59DC 1.8;DS 4.3DC 10.9DS 1.4DSG
S1-4 TS 2.3DS 14.7DC 11.8DSG
S1-5 |TS 2.5AS 1.6DS 12.2DC 12.0DSG
S1-6 |TS 3.9DC 2.5DS 13.3DC 10.0DSG
S1-7 |TS 1.4AS 1.0DS 22.3DC 5.0DSG
S1-8 TS 1.5AS 1.11DS 5.0DC 1.3DS 9.1DC 2.9DS 4.1DC 3.8DSG
S19 TS 1.1AS 2.1DC 1.0DS 16.4DC 9.7DSG
$1-10 TS 2.7DS 156.2DC 1.6DS 13.2DSG
S1-11 |TS 1.5AS8 3.9AC 9.7DS 6.8DC 3.38DS 4.8DC 2.6DSG
S1-12 TS 1.1AS 2.2AC 10.4DS 6.2DC 13.8DSG

S1-1 |TS 45DC 1.8DS 5.8DC 1.0DS 4.0LDC 12.3DSG \

Table 2. Geology and thickness of each layer (in m), Route 5.

Loca- |
tion ‘

S5A-1 TS 5.7DSG 1.77DS 2.4DC 1.8DS 1.2DSG 0.7DS
S5A-2 lTS 7.6lAS 09DSG 0.4DC 6.5DSG 1.0DS 3.6DC 0.8DS
S5A-3 TS 11.7DC 2.9DSG 3.7DS
S5A-4 TS 3.8DSG 2.1DC 4.5DSG 2.3DS
S5A-5|TS 4.1DSG 1.7DC 4.2DSG 2.7DS ‘ |
' S5A-6 TS 9.7DSG 1.0DC 5.11DS 3.4DSG 0.8DS 7'9iDC 0.6iDS
S5A-7 TS 83DSG 2.11DC 35DSG 1.8DC 0.8DS 10.1DC 0.2DS
S5A-8|TS 6.771DSG 3.4DC 2.6DSG 2.2DC 1.6DS 4.4DC 0.2DS
S5A-9 TS 6.8DSG 2.2DC 4.7DSG 2.7C S
S5A-11TS 7.1DC 1.9DS
S5A-12TS 8.0DSG 2.0DS
S5A-13TS 7.8DSG 2.0DS
S5A-14TS 8.6DSG 1.4DS
S5A-15TS 1.11DSG 3.5DS
S5A-16TS 1.2DSG 2.4DS 16.2DC
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Table 8. Geology and thickness of each layer (in m), Route 6.

Loca- ‘ (
tion |

S6-1|TS 45AS 4.3DSG 2.7DS 2.9DC 6.3DS 2.0DSG 0.9DS
$6-2|TS 1.6AS 29AC 13DC 12.5DS 2.4DC  16DSG '
S6-3|TS 1.2AS 4.8DS 14.4DC 7.5DS 3.9DSG
S6-4 [AC 12.8DS 4.5DC 13.1DS 8.4DSG (
S6-5|TS 3.2AS 3.1AC 21.3DC 3.8DS 4.0DSG
S6-6 TS 1.3AS 4.8AC 22.4DC 2.7DS 3.4DSG
S6-7 TS 23.5DC 2.2DS 29DSG 57DS 2.1DSG 5.0DS
S6-8 TS 3.1AS 0.4AC 23.0DC 1.7DS 1.7DSG 10.0DS
S6-9|TS 1.6AS 2.2AC 21.0DC 2.3DS 2.1DSG
S6-10TS 20.5AS 1.2AC 2.9DC 25DS 3.2DSG 9.6DS
S6-11TS 24.0DC 3.8DS 2.1DSG
S6-12TS 2.4AS 3.8AC 21.3DC  3.4DS 50DSG 7.4DS
S6-13TS 0.7AS 29AC 1.4AS 3.2AC 17.2DC 4.2DS 3.4DSG 5.0
DS ‘

S6-14TS 3.1AS 3.9AC 20.0DC 2.6DS 3.9DSG 6.2DS |
S6-15TS 0.4AS 08AC 1.2AS 2.0AC 18.1DC 6.5DS 0.2DC 0.4
DS 0.4DSG 4.0DS 0.9DSG 1#Ds
S6-16TS 2.9AS 3.8AC 16.6DC 9.0DS 1.7DSG 5.3DS
S6-17|TS 2.8AS 3.9AC 16.3DC 9.0DS 2.1DSG
S6-18AC 16.1DC 7.1DS 4.1DSG 1.3DS 2.6DSG 2.7DS 10.8DC 2.2
DSG
S6-19TS 16.5DC 6.3DS 4.8DSG LTDS 2.5DSG 2.6DS 11.8DC 2.8

DSG |

MABRHEA S LIEL V0T, TS & AC ©onTid, HEOBAL S WaEr
S DL Litd, TS & AC VT WBEBARIL, TSEDTHNTHAD, EPT
TS RRKEWEERLTCNDEDORDHHDELDIDTH D,
O?L,ﬁfifm,&k#%ﬁLtﬁﬁwﬁoﬁiﬁumhS&EF&%E&@%
Fxx Lo Fig. 60 2B LU C, SHEND S J#E* &, FLEAMBREKY 2281
TENENOEEX{RNE L (Table 5), DSG U CEERMEN T ed, Ttk
ZWEHEL OV, IO FEECR#HT A0 EEL . EREEIRKE
CHAWCLD XD EBRIEFRKECTHA S, IhDTRERTARZED, ®D TS
REDDTHBHN, ThFOENTILE, f%,ﬁ%%%m%hm& LI WETH B,

4) loc. cit., 3).

5) HphBFEAEMES FHUbBRN BERME EHE.

¥ AC OFEELLT 100m/s % & 5o DIFTEMX DL DOEEFEL 100m/s ITFEN2 &, Lard
0m BEOEINL - TCHAEIENLTGEERB LA~ THLLZ LRhbhr b Thb.
IOV TRBE T SO THETITETHS.
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Table 4. Geology and thickness of each .1ayer (in m), Route 7.

Loca-
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Table 4. Geology and thickness of each layer (in m), Route 7.

Loca-
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N
2 | TERTIARY
L i I 1 SAND STONE
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Lt MUD STONE
o | DILUVIAL
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2 | DILUVIAL
] | S AND
e b DILUVIAL:
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2r ; ,
L1 KWANTO LOAM
2 b ALLUVIAL
| |y SAND & GRAVEL
5. ALLUVIAL
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200 400 600
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Fig. 6. The number of observations vs. observed S wave velocities for various
formations.
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Fig. 7-1.

Fig. 7-1~9. Expected vibration characteristics of the ground during the earthquakes.
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(Fig. 7-4.
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FITRAIDZZAZELT, ThEOREDD LT, XAhé SICHEAREORTREI,
HO@LEWECH L CT—RmAXr PVEERY O L S BN S ¥) SEEAS
Li-BATHETTEINAHBEIO ARy FE S LT (Fig. 7-1—Fig. 7-9). 7tk
SETIE, ASEOEEY 1 & URERERL THS, Mk, RELCHTOREES
LLHLThHA.
Fig. 8 Bz Xl tEbh—ROBBEHLWEEOES LB FHELL LA
. HDTHABH, ¥l Fig. 9 xEHRCL G
° ROUTE 7 W B« B O BRI 2 DI A HEE

o M x ROUTE 6 ‘
@ 40 # ROUTE S - o BEECOEIRE -, Thsd, ESLER
g ‘ SO T R oBFKE Fig. 8 0FREsMIT I\,
£ 20 I TOZ L, BRI B R O R
% XX%¥X BoAvE—X v AKRNLELT, YR
o 5 0 T ihdLhions, SEEcET 50

—— AMPLIFICATION D, FLLTHEBEOEENESEL TV

Fig. 10. Relation between the thick- ZEDbN5.

nesses of alluvial layers vs. amplifications Fig. 10 13, BERLHEEOES LD

(1st peaks).
BRE L oL DTHE. EE D LI,

CHERPEEOER L4 LEERKE, 6RITIMADZOD IV — T b TLE
5C L ThD., FITINRG 2007~ 7 OREN I THEY R L HRTLE 5, B
2%, ST7T-22~S7-30 (Fig. 7-6 2R) Zk X » CTRESN DI WEENEHEL T -7
FTHTCES S d 0, L0, S7T-20~S7-21, S7-40~S7-43 (Fig. 7-6, Fig. 7-7
B B X > TREINIBEBRD - TATNR EEL KL TOBPHTHSHET
bh, BEZ BETENAREBETHD, FOTOF — X -0 dsrE TR EL
BHETHELTHD. LLahd, ERCRTHOBTERWTINEOWERE (HER
BEE IEND) BFNEEEVSO TR D, L ARIEDOTN T OiRiERD
REMLSDLVZHTHS S, TOEZHETE, PDEEOEREDL, HMERCHETS
R 1B EALEEYRIES WL 5 ThA, Ebic S WEEN 400m/s 2 2 58=
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Fig. 11. A map of downtown Tokyo showing the distribution of predominant
periods during the earthquakes (Ist peaks).

7) S. OMOTE, Bull. Earthq. Res. Inst., 27 (1949), 57-62.
8) K. KANAI et al., Bull. Earthq. Res. Inst., 44 (1966), 1297-1333.
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Table 6.
" Predominant Thickness of ‘ Predominant
Location Period (Obd.)0) Alluvium Period (Calc.)
s m ‘ s
Kanamachi 0.5 30 1.2, 0.4
Azumacho 0.38, 0.77 26 1.0, 0.3
Higashi- »
Shinozakicho 0.4 16~17 0.6~0.7
Oshima 0.4~0.5 30~35 1.2~1.4 0.4~0.5
Sumida Park 0.5~0.6 17 ‘ 0.7

9) loc. cit., 6).

* HLAAORK S D MIEEOEERIL, FOBROTF— 24— LV &S TWDE L5 Thb.

10)

BRGNS HREPIRATEER 33 (1955), 471-545.
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Fig. 14. The distribution of predominant periods during the earthquakes (2nd peaks).
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10. Vibration Characteristics of Subsoil Layers in
Downtown Tokyo during the Earthquakes

By Etsuzo SHIMA,
Earthquake Research Institute.

The elucidation of vibration characteristics of the subsoil layers during violent
earthquakes is essential before we consider any problems related to engineering
seismology. It is well recognized that the S wave information plays an important role
for this purpose. Therefore, a series of seismic surveys by means of S waves have been
conducted to clarify the S wave velocities in the typical subsoil layers often found in
the Tokyo Metropolitan area. The results of these surveys are summarized and
shown in Fig. 6. )

In downtown Tokyo, precise geological sections are available along the routes of
the Metropolitan Express Way System. Consulting these geological sections as well as
S information given in Fig. 6, S wave underground structures at about 100 points along
the routes have been derived. The expected spectral responses at the ground surfzce
were thus calculated, assuming that the spectrum of the earthquake is constant with
respect to the frequency and the seismic waves are normally incident on the surface
layer from the substratum (Fig. 7-1~Fig. 7-9). In these calculations, the attenuation
of seismic waves in the surface layer was neglected.
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Through the analysis, the following conclusions can be drawn.

1) As far as the predominant periods shorter than approximately 2 seconds are con-
cerned, the depth of the boundary between the alluvial and the diluvial strata plays
an important role in forecasting the predominant period at the site.

2) The amplification factor of the surface layer in downtown Tokyo is independent of
the thickness of the surface layer itself. The factor is approximately three times
compared with the places where the thick diluvial stratum is found at the surface.
From the above-mentioned conclusions, the distribution map of the expected pre-

dominant periods during the earthquakes in downtown Tokyo has been thus con-

structed (Fig. 11).

According to Kanai etal., the degree of damage done to the wooden houses due to
the earthquakes is maximum at the places where the predominant periods of the grounds
are O.4sec. In the case of the Great Kwanto Earthquake of 1923, the damage seems to
be severe at the places where the thicknesses of alluvial layers are around 10m and
30m, which correspond to the predominant periods of 0.4sec and 1.2sec respectively.
However, if we take the higher order predominant frequency (2nd) from the response
curve into consideration, the latter case will give 0.4sec, and this explains why the
damage is found at such places. If this is the case, the attenuation of the seismic
waves in the surface layers is so small that it does not affect the amplification factors
of the higher order resonant frequencies.

The forecasted predominannt periods were compared with the ones obtained from
the routine observations of natural earthquakes. A fairly good agreement was found
between them.



