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Fig.2-1 Seismograms obtained at Ohokayama during foreshock, main-
shock and aftershock of the Eastern Yamanashi Pref. Earthquake of
Jun. 16, 1976
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Fig.2-2 Seismograms obtained at Ohokayama during aftershocks of
the Eastern Yamanashi Pref. Earthquake of 1976
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Fig.2-3 Seismogram obtained at the Earthquake Research Institute,
Tokyo Univ. during the Eastern Yamanashi Pref. Earthquake of Jun.
16, 1976
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Table 3-1 Earthquake origins used in this study

ﬁat; Origin time Lat. Long im M  Class

Eastern Yamanashi Pref. Earthquake of 1976

6 16 05h 34m 01.6+ O.ls N35° 31% #0' E139°00' #0' 20 4.7 S

6 16 07 36 19.9 0.1 35 30 O 139 00 0 20 5.5 M Mainshock

6 16 09 05 16.2 0.1 35 30 O 139 00 1 20 4.2 L

616 14 10 13.0 0.1 35 30 O 13859 1 20 4.3 L

715 19 15 35.4 0.1 35 31 0 138 58 0 20 3.8 L

716 15 56 16.1 0.1 35 31 O 138 58 0 20 3.8 L

Near S Coast of Izu Pen. Earthquake of 1974

5 9 08 33 27.3 0.3 34 34 1 138 48 1 10 6.9 R Mainshock

5 9 09 24 24.8 0.4 34 43 2 138 47 1 10 4.3 L

5 9 09 30 45.1 0.4 34 42 2 138 44 1 10 4.5 L

511 14 48 30.6 0.5 34 32 2 138 54 1 10 4.3 L

511 21 44 46.6 0.3 3 50 1 138 57 1 10 4.0 L

511 22 11 58.3 0.2 34 50 1 13858 1 10 4.2 L

525 02 22 42.4 0.6 34 50 2 138 41 1 10 3.9 L

Middle of Saitama Pref. Earthquake of 1968

7 1 19 45 11.8 0.2 35 59 1 139 26 1 50 6.1 R Mainshock

7 1 21 06 08.1 0.1 35 59 1 139 27 1 50 4.0 L

7 4 04 55 54.7 0.3 36 02 2 139 25 2 60 3.3 U

7 4 18 17 41.5 0.2 36 00 2 139 26 2 60 4.1 5

E off Chiba Pref. Earthquake of 1974

5 2 13 45 22. 1.0 34 56 3 141 32 4 40 4.9 S

5 2 13 51 01. 1.6 34 53 4 141 34 7 30 4.5 U

5 2 14 34 14,0 1.7 34 51 4 141 45 8 30 4.7 U

5 3 06 32 39.1 0.8 35 10 2 141 38 4 30 5.2 M

5 4 19 52 24.6 1.2 35 06 3 14139 5 20 4.5 U

517 21 08 52.4 1.0 34 55 4 140 59 5 60 4.0 U

E off Hachijojima Earthquake of 1972
12 4 19 16 07.6 0.6 33 12 2 141 05 3 50 7.2 R Mainshock
1z 4 23 50 54.2 0.7 33 11 2 14103 3 60 5.5 R
125 19 02 52.4 0.5 33 24 2 140 39 3 50 5.0 M
12 5 20 -51 44.1 0.9 33 15 3 140 58 4 60 5.1 M
12 7 05 12 06.0 0.7 33 10 2 140 53 3 60 5.3 M
12 9 15 06 07.8 0.8 33 10 2 140 54 4 60 5.2 M
12 11 14 59 56.4 0.6 33 31 2 140 57 3 40 5.0 M
12 12 02 29 20.5 0.6 33 11 2 140 34 3 60 5.0 M
12 14 17 4} 53.7 0.5 33 20 1 14028 2 60 5.0 M
1215 10 51 56.3 0.8 33 09 3 141 00 4 60 5.2 R
12 22 17 38 21.8 0.6 33 28 2 14059 3 60 4.8 M
Table 3-2 Coefficients of eq.{(3-1) under the condition of Fig.3-2

Coefficients of eq.(3-1) Background conditions
Name of earthquake P-wave S-wave Epicentral Focal
Vel. Intercept Vel. Intercept dlitancg depth Magnitude
. . m km
km/s time sec. km/s time sec.

Eastern Yamanashi Pref.
Earthquake of 1976 6.74 1.1 3.87 1.7 51-172 20 5.5-3.8
Near S Coast of Izu Pen.
Earthquake of 1974 6.76 1.0 3.83 1.2 26-226 10 6.9-3.9
Middle of Saitama Pref.
Earthquake of 1968 7.61 3.9 4.38 6.7 32-130 50-60 6.1-3.3
E off Chiba Pref.
Earthquake of 1974 7.48 2.5 4.28 4.7 91-252 20-60 5.2-4.0
E off Hachijojima 7.48 3.4 4.43 4.6 190-361  40-60  7.2-4.8

Earthquake of 1972
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Fig.3-1 Locations of epicenters
and observation stations used in
this study. Broken circle repre-
sents a group of earthquakes.

Fig.3-2 Travel-time diagrams. for
each individual group of earth-
quakes. Circles and squares rep-
resent travel-times of P- and S-
waves, respectively. Solid cir-
cles and squares show site con-
ditions of stations to be on

firm ground, and open ones show
on thick sedimentary layers.
Solid time-distance curves were
derived in this study, and stand-
ard curves were derived by Wadati
et al (1933) for P-wave and by
Sagisaka et al (1935) for S-wave.
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Fig.3-11 Paths of P- and S-waves near the station, obtained by
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Fig.3-12 Paths of P- and S-waves near the station, derived from
the result by Mikumo (1966).
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Table 4-1 Travel times of initial motions along the array stations from Yumenoshima to Enoshima

Yumenoshima

Observation Location Explosion Lzu-Ohshima Expl.
No. Shot No. Tater
Station Delta Init. M. ; Delta Init. M.
Lat. Long. Phase
km sec. km sec.
sec.,
S Yumenoshima 1, 11, 1V 00.00 0.00
*1  Haneda I 35°32'36"  139°45'20" 11.04 4.20
*2  Daishi I 35 31 48 139 44 19 13.17 4.51
*3  Tajima 1 35 31 08 139 42 39 15.83 5.12 7.08
%4  Ushioda I 35 30 12 139 41 38 18.14 5.59 7.60
5 Koyasudal ot 35 29 12.9 139 39 43.3 21.48 6.54
6 Daikoku-cho v 35 28 00.0 139 40 23.6 22.36 6.68
7 JMA Yokohama 1T 35 26 13.6 139 39 19.8 25.91 7.33 10.16
8 Ishikawa v 35 25 48.8 139 38 21.0 27 .44 7.69 10.15
9  Fujinoki I, I11 35 24 33.2 139 36 29.3 31.05 8.40 10.72 71.84 14.84
10 Yohkohdai I 35 22 22.0 139 35 58.3 34.62 9.18 11.81
11 Kohnandai 11, Tl 35 22 23.4 139 34 28.2 36.09 9.44 12.38 67.11 13.97
12 Hongohdai 1 35 21 44.9 139 33 15.4 38.16 9.74 12.64
13  Ohfuna L, 111 35 20 52.2 139 32 16.8 40.39 9.97 12.67 63.51 13.13
14 Fukasawa i, til 35 19 39.6 139 30 42.6 43,64 10.13 12.01, 13.08 60.77 12,66
15> Koshigoe 1, 111 35 18 33.6 139 29 46.8 46.09 10.69 12.89 58.49 12.37
16  Enoshima 116, 1V 35 17 45.6 139 28 56.4 48 .01 11.07 12.05, 12.81 56.78 12.09
S Tzu-Ohshima 11l 34 47 37 139 21 53 00.00 00.00
wWhere, Shot 1: the Yumenoshima Expl. of Mar. 19, 1978. 03h Olm 59.2ls (35°36'57.1"N, 139°50'19.8"L)

Shot T1: the Yumenoshima Expl. of Oct. 26, 1978. 02k Olm 59.11ls (35°37'00.7'"N. 139°50'17.0"F)
Shot I1T0: the lzu~Ohshima Expl. of Dec. 13, 1978. Olh 02m 00.1ls (34°47'37"N, 139°217'53"E)
Shot IV: the Yumenoshima Expl. of Mar. 26, 1979. 03h Olm 59.23s (35°36'59.7"N, 139°50'16.4"E)
S$: Shot point of each explosion

*: after SHIMA (1978), Author should be responsible for the decision of arrival times.

Table 4~2 Time terms along the array stations from Yumenoshima to Enoshima., (unit: sec.)

—~Ohshi
Yumenoshima Explosion Izu-Ohshima

. . Explosion
No. Observation station
a b c d * A B C
1 Haneda 0.96 1.01 1.09 1.20
2 Daishi 0.85 0.90 1.00 1.13
3 Tajima 0.92 0.99 1.10 1.26 0.98
4 Ushioda 0.93 1.00 1.14 1.32 1.00
5 Koyasudai 1.21 1.30 1.46 1.67
6 Daikoku-cho 1.18 1.27 1.43 1.66
7 JMA Yokohama 1.12 1.22 1.41 1.67 1.41 -
8 1Ishikawa 1.17 1.28 1.48 1.76 1.23
9 Fujinoki 1.16 1.28 1.51 1.83 1.16 1.43 2.32 2.48
10 Yohkohdai 1.23 1.36 1.62 1.97 1.32
11 , Kohnandai 1.19 1.33 1.60 1.97 1.47 1.41 2.16 2.31
12 Hongohdai 1.08 1.23 1.51 1.90 1.45
13 Ohfuna 0.86 1.02 1.32 1.73 1.35 1.21 1.87 2.01
14 Fukasawa 0.37 0.54 0.87 1.31 0.94, 1.48 1.23 1.81 1.95
15 Koshigoe 0.44 0.62 0.96 1.43 1.10 1.35 1.87 2.00
16 Enoshima C 0.44 0.63 0.98 1.47 0.49, 0.87 1.37 1.85 1.98
P-wave velocity of the 5.0 5.1 5.3 5.6 5.6 6.6 6.7
path (km/s)
Time term.of the shot 1.03 0.58 1.64

point (sec.)

Where, *: Obtained from the later phase due to multiple reflection in sedimentary layers.



SHOT POINT

®1 YUMENOSHIMA
EXPLOSION

®p 1ZU-OHSHIMA
EXPLOSION

OBSERVATION POINT

«  for YUMENOSHIMA
EXPLOSION

o for 1ZU-OHSHIMA
EXPLOSION

® EPICENTER OF
EARTHQUAKE
NEAR THE 1ZU-
OHSHIMA
SHOT

BOHSOH
PEN.

NORTH-1ZU
EARTHQ. OF
1930 o

THE SEA OF SAGAMI

ITOH EARTHQ. g

OF 1930
1ZU-OHSHIMA
I ISLAND
1ZU PEN. '
e
main
° SHOCK  FORESHOCK

NEAR ZU-OHSHIMA

NTRAL 1ZU PEN.
"7 ) EARTHQ. OF 1978

EARTHQ. OF 1978

o 10 20 30Km

L 1. ] 4

SOUTH COAST
OF 1ZU PEN.
EARTHQ,
OF 1974 P

Fig.4-3 Location of explosion shots and observation
stations. Epicenters of earthquakes near the Izu-Ohshima
shot were also shown.



TRAVEL TIME (SEC)

0] 5 10 15 20 25 30 35
O v i vy L 1 i 3
Voo
\ A
AN
\
\
\\ \
AT
51 A
\\ \
[
VA
ARY
A}
\\\
A
lo-‘ NO. 1A, \\‘ F AT DOWN
Autfamtntasdin L L' iLLe ¥ ¥ v
' \ ! UP
\\
" I Ak A h —
ol \ frhwndrpdiiry { Al dadauted
LY
— A -
5 ) AN AN AP
3 A
vx \ )
Y A
- hvanain]:
4 oA
\ A
04 (N I
2 Y
: e sty
6 «»W\‘r\mmmmwwwvww
\ \

1 7-«me*ww«w :www NWMM’W et Ao il

8 wr 3 N v e

\ \
w\l\[-*wNVWM/J\,MV N VAP A AP AN AP AAA
° : \ MM\NW

\ A

\ \
\
N

- 1O sl
II-~MM&MWMWMMMWMWNMWAMWMWMMww~wwwww

|2~ W W*VJWAMWNWV\MNMMM/MWWWW\NV"\M
. \ \
401 | 3 A A N’\F’\\/WW»-/\J\‘N—\/V\*WM'\"
\‘ ‘\
’3‘ 14 A~ ‘\M%vawwd
= ) \\ \\
o 454 3
4 {5 v KMW}{‘WWAWWWWWWWVM VMMM\,MHNJWWMNW*«\M»M
Y R
g 16 w«mMMWWMW«WM
\ \

50 Y v T Y v T

Fig.4-4 Seismograms obtained by the Yumenoshima explosions
(vertical component).



TRAVEL TIME (SEC)

0 15 20 25 30 35 40 45
50 ; , ! A A L__\
35 :

NO
- A )
.GWM%MMW
15—} i
60 \ . A
14 K .,‘!_‘dl'wmwwwqw
i i "
65 \\
uw-'wl%w'.' - .
70
. 9 a-——w‘lé'},\_u,o.-m-vmww
g
w75 Up
Z DOWN
2
']
&)
80 ISREU.S e — \_

Fig.4-5 Seismograms

o
IRECTION

D
o

N
Q
[

N
o
Q9

o
————— PROPAGATIO

>

Fig.4-6

obtained by the Izu-Ohshima

explosion (vertical component) .

TIME FROM THE ARRIVAL OF INITIAL MOTION
I e

3

5 4 ) i "2 SeC

o]

PRgPéGATION DIRECTION ————

|ZU-OHSHIMA  EXPLOSION

YUMENQSHIMA  EXPLOSION

Partial details of Fig.4-4 and Fig.4-5, with
attention to few seconds since the arrival
of initial motion.



TRAVEL TIME (SEC)

o2 5 10 s 20 25 30 35
5
0] NO PULL
| e PUSH
gy
154
3 e gt e
4 -
20
7 - WSS A A Nremionnd
8 RSN T
301 ’
9
351 i
i Jl A
IZWM'AMVWAWMAWMWMAWW
a0/ (3~ /Nw\rAvav\/v\M\w\/\J\/W\fW\mMNWM'
3 14 - W«MWMAMMMWNWWWWVWM
45 ' .
; o s tteembpanned
s
2 16 N— WM\MMM«WMMW
50

Fig.4-7 Seismograms obtained by the Yumeno-
shima explosions (radial component).

~15
__ & YUMENOSHIMA EXPLOSION A
O 8
W o |ZU-OHSHIMA ® e c
(43} v v
8 EXPLOSION et 1 4
o ! :’ 9
wul L IR
= N :5"g 1
= P Lol c . 14 13
FiO e d-7 2% 15
g ' @ s 16
x
[0
}_-.
P-WAVE VELOCITY | TIME TERM OF
OF THE PATH THE SHOT POINT
(km/s) (sec)
a 5.0
b 5.1
R 53 1.03
d 5.6
A 5.6 0.58
B 6.6 | 64
# A (km) LS 8.1
20 40 60 80

] 1 1 1 1 1 L H

TRAVEL-TIME DIAGRAM FOR P-WAVE OBTAINED BY EXPLOSIONS

“Fig.4-8



¥ T L

T

MOTOJUKU |
8~
20 G ¢ YUMENOSHIMA-ENOSHIMA ARRAY (DEC.I3,1978.) e
L) ./’
¢h '« OBSERVED BY THE IZU-OHSHIMA EXPLOSION -
~ GROUP, SPONSORED BY GEOLOGICAL _ KAMIINAKO
L5 w SURVEY OF JAPAN (JAN.1S,1979) |, &% _a- -
138570 ~ -~ ISEHARA
= 1514g=" ~ -~ {
- |6. ,.“’ .- i
. ot WESTERN KANTO
FIO > ./ i
g e UKIHASHI
- e NUMANOKAWA}IZU PEN.
w7 OKUNO P-WAVE VELOCITY
= . . B 56kmss
a -_‘,?’*‘—"'.IZU-OHSHIMA ————— 66km/s
= 20 40 60 80 100 A (km)
i J i

TRAVEL-TIME DIAGRAM FOR P-WAVE OBTAINED FROM

THE 1ZU-OHSHIMA EXPLOSIONS

o

FROM SUBSURFACE STRUCTURE
OF TOKYO

Fig.4-9
<
2 e g
I 9 S g9 g 4 iy g
m 4 o
bl « « 3 82 13 2 22 £ 4 2 9 =
Z a = 7 X O g o o9 o 2z g 2 x
W w I g o <IO gX =z x Z © o g I w
3 22 3% 83 % 3 33 % % % g¢
= Trd & 3 28 38 22 P22 F 5 & 2 & AkKm
0] 10 20 30 40 50
O i i 1 1 . O
I 2 3 4 56 7 8 9 01l 12 13 14 15 16
[®)
L
A
!_.
=
x
w
}_
~ w2 -
g O: TIME TERM OVER THE CRUSTAL ,_..——::,"
i~ LAYER OF Vp=6.7km/s PRESUMED -7

o: TIME TERM OBTAINED FROM THE PHASE

YUMENOSHIMA EXPLOSION

1ZU~OHSHIMA EXPL.

OF MULTIPLE-REFLECTION
a

b

C

d

A

8

C

P-WAVE VELOCITY OF THE PATH (km/s)| 5.0

5.

5.3

5.6

5.6

6.6

6.7

TIME TERM OF THE SHOT POINT (sec)

i

.03

0.58

.64

DISTRIBUTION OF TIME TERMS ALONG THE ARRAY STATIONS

FROM YUMENOSHIMA TO ENOSHIMA

Fig.4-10



44 BOB-RNUMKREZOADHBICHET DM TRBOBE

KRN TRN A FOR O BHRO KRGS T n SR BRI b 7o » TR 34 B,
i221p«kﬁ€@y@m@MkW WG ko ORI L T L M SO TD o
;%@fMy®m Mo E 2ol wum&ﬁ@ﬁlK&ﬁ?%%xmwwﬁ%ﬂ%&bf,%
i@g@mMKﬁHéMlkm@ﬂw&h”mmm% Lo LT AbDTH D, AETHEDOREMH
Ez;-gm Bkl % KA 7B O B — RILINRE ARG O Tl & & o T b

T }, Fig. 4- 11 EE0L— KR x0T 2B RE L2 DTH Lo 3 G AT 0.3
a%cﬁkmw.wcwlﬂﬁﬂmﬁﬂn®£mﬁﬂuafxb,Jﬁmu¢ﬁ§x7wwvf®&o%M%@ﬁﬁwi
i@mm'W&HLR&céf@&ﬁ%%%bkofmmmm%K%%MX%oM%Oﬁ%ib%b
é@ﬂé%%%&ﬁ,k%%%#ZSMHI@@MM(HSOM/WCUAS%M/wc&&Fw """
LT AW L T, R 25 kLA O BILAIC 21 B SR OGS T4t/ seclC bIEL,
f%%#NWC%LmMM#@A@oLHTQﬁﬂé 3 MO T BN & AR, Nl 0
) OB G I T DB OEES 58 0.7 sec W THE LU MARD LN BT LTS
iQOC@NMH FRE D AERSOBWECET BABHOMMEFEN LV Ehb, RBEWR/ADC
BRI E HE AL TR O EBA BN A, Fig. 4o 120 LORKES S
yK%L(H%kaMlOKﬂﬂbkﬁww®AKHHL,@@Hﬁ®@ﬂ%%%%kbf%bk
E@@f@éo&km9%10m11@@m&uc045&mgmmuéﬂk&%ﬂkmmménk
SEMﬁfééoFm,qum;hﬁ,ms,ms,m9@ﬁﬂﬂ@%ﬁﬁﬂhm;<ﬂmbfy
b, M L0 DI R UM ER LT Bo Ch b ORHE IR T £k < Vp =53
ah/%c®iﬁml<“ﬁbfm%o“ﬁ,m10@@ﬂﬁ%ﬁb%hk@2&&ﬂﬁmmm1l
i®ﬁwﬁmkﬁ%wﬂ&l<ﬂmtfbb,m12®%%%&¥%n&WMT%§@Té55&%
CBHR . CHHOEHIC DT b BIMICRT E & < Vp= T kn/ soc OEBHC I ¢~ L Twn g
RN B LU 12 ORI H L TE B OHE A6 E b 4 RICHET B 6 e 4 R
:%C&#m%ﬁmoMh@c&#%@ﬂﬁm10&%&bf,M@@tﬁmmﬁﬁﬁﬁﬁﬁﬂﬁ&
f?éca#wgm ko feo
V»Mﬁ%ﬁ«k%@@ﬂ%ﬂFm.4ﬂﬁ@i%mﬁw%l<%bh1méoMﬁm10momf
;Hﬁ@ﬁwé<ﬁ$b®$ﬁ%ﬁ%%&%ﬂ#6&7smEﬂTﬁbﬁ%ﬁEﬁﬁM@mﬁﬁ@i
,K%éhfwéﬁ,mfﬁmbf%c@mﬁmwmfi%%mm$ﬁﬁﬁmuac&&&éoﬁ%
MG M2 O BE0 EEAE DA TnE 2, COHAL Fig. 4-13 O34 b AOKMERE T M

\5Ctﬁm%&mo%ofﬁﬂﬁﬁkmfug%ﬁ%ﬁZSMMW@ﬁﬁT%ﬁLT%bBﬂé



p=5 3K see DMMAHE L I L Twn b b0k £4, Bt OF M o>nTlic OBl 5
Bt eMA BT & Lo 43 Tk o e ERBRICHRBTC HAHEO O time term #1.0 3 sec 3
ﬁ%%g% 5.3Kn/ sec &5 LSO ABHAD time term i3 (4 - 1 ) K& Hw TFig 4-
g0 BTCRDEN Bo BT MBI 5.0 Kkn sec, 5.6Kn/sec T AL LAKOMD
ngmLfé%ogr %o BB S 206 K L F OSEIIC S I, MRS I 28 5.3 Km“sec T
gU SCF R L OHIIC AT time term O Y HL & 2 b, HAE U 20 5.0 Kn sec O
km%%wmﬁﬁ¢mmoftmmme@mmmwb,gﬁmw EE 4% 5.6Km  sec OB
{@J‘@f Bl & % > Tndo & OIS 4.3 Cak~ e [0 B CH D O A BTG e o> Bt e & Pt
6110 AR be Fig, 4- 116 AN 6 2 5N 8 AU T2 &4 2 Bt b -C Wil # 7 4 )
ﬁmb%h,%@MW&&ﬁM@@M?%MW@E&MVWLMC&#%,Cﬂ%@MWH@@u
%ﬁf@éi&ﬁwm*ﬂkoFm.4w2m-m&ﬂ N 7 i B T T O B At L e b
@T@@®Wﬂkl<ﬂMtfw&c&#b#%ocng@m1 O BYFERE L) & ©) B O B AR O FE
ﬁ* time term @ 25 HIM T 5 &0 LABMMAO time term T KAWL, N6 T 1.0 8 sec,
@8&Nu9fttL14wcf@ku Ch boffild Fig, 4 - 14 [ F A EE 2 5.3 kn sce O
’ A0 time term Offil X {—H L Twb, L EOK R LR LOHEBK B A BB HEBER Vp
: 53Kn,/ sec THAHZ LA E%ZD, T/ time term HHl.lsecTHERY—ETD b,

i—ﬁ B LR A4S 30 Kn LI O B IC 5 T, time term AR 4 AT BHISH bR T
{iV“Z)o AR % 5.0 km secd{NE LB O WHERIEH A 5 0kn 2% 5 IR T time term A3
ﬁ&&bmﬁmfﬁ&moMﬁm19@&ﬁLTm&kMM%%?ﬁW%MF%KE?%%%“@
;%5“‘955?‘9“(\/\6 Tk 753‘”}:-16#%5:&’(\/\62;);1) Ch LB AR L TRBEIEEITATW S LEHH
éﬁ@% EEW S A R %Kpfrb,A%EKMMAL&m»kgghakmrém
ﬂul@%k%ﬁnf LI L 5T, AMBICETARKKEOM FREGEC >N THKOZ LT L
| %Céﬂm%%o?&bﬁ,ﬁM%K#H%%%@UVp~ 3K sec % B P IR AR % £ L

ﬁhé&%Zé@ﬁﬁéﬁﬁféb,%@m%#ﬁbfmég%@u&@%@tmwtmm@Fm
G4 TRINAT EL DL T by S BRKEN 2 RIEHE S 25 Kn bl T O IR €l 13 ¥ 3
Mf@éﬁ,Mﬁmloﬁﬂmmk%&%ﬁﬁmmb%h FhR LD EFTIEER . CHEBMm -
AL Twnhe X LIEMAN T HFE T 2EBHEO AERKCONTH, BILRCIH LAY
BOER DB % GH LT time term O AL Ko b ET A% LI Fig. 4- 14 WRFTEL, N
10t N1l @ time term & WH THSKC EC L o T—D20WREIL VT 5, Lo L2 LHE

ﬁﬁ@@ﬂ&ﬂmﬁhb,@&@&@@mwm {ﬁ¢%v%mufﬁm10®C<ﬂhﬂ$mf



%%%ﬁm%ﬁ%%%@&n1m5%0&%Zé%%ﬁ&moék,%%mu&mﬁﬁé%%%@
BENEOR & LABEELAE NGO L LT OHACET HHE ABHTORELETET LI NL0 O]
gHc koS ¢ time term LN 11 @ time term DX HEH 600 m, N 10 BT BT8R

AROBMED LI 15 00mApFohwIFh s HELTDH %,

Bl EAE D Ey — K LI @ 3 0 2 3 PRI O R D v Tl T & e 2, B ER AT R bhTw
2D - SRR E L OB O T OB CET AR T, Coh b oRRE T UBRY
B G 0 S O I o MR B0 B YRR S B R WD LTRSS T EE Lk M, Fig
4-1500h &K IE AT 25 O RBEEROBIAE R LS OTH LD, B 4 & <
kﬁ@SC@MM@NMKHMMMﬁ@MQﬁloﬁm&ﬁfééoC\WMMAH$®M~ﬁ@
W % 5 LT b, R BIIN A  ERE, #)BoE Ry,  time term %o & O Table 4 -3 a
Ki&m%hfw%oMMA@&%M%M&-@%%@me&OAﬂ¢&W)mfnvwﬁom
/sec, 5.3Km,/ sec, 5.6Fkn sec @A L, %&£ OYAHO time term BT TH 5, fhO
C&(Vp:3“%®m#%%ﬂ@ﬁmﬂm%@&%21méoMﬁBH%@%—kmwﬁ%,ﬁ
RS DEBEOB—ILOBMBE R LTWnb, & LIS CIE B B & SR D OPRCES % b
O T, FGAAH X, NG TR % S CHETRL s BRCELHRTS Y, B B R A &l
B@WW%M@%@T,mmmﬁﬁﬁﬂbﬁﬁﬁmmmwﬁémﬁfééoMﬁ0$£UMﬁEﬁ
G gk~ 7 B D s — Auﬂﬁ(wﬁB)@m10Mqﬂummbehk%%Mﬂ®$&&&éem
‘%B#K?ékbﬂﬁiéhk%®fééoCBKTww 4-3, b~edHl#R B~EWCKLIL
LTwb,

FoAaT, chE tHSBMNSErAT S time term % v CHEMEH THEERPLTER
ﬁ,cn%@h&%xﬁ&&%%u&@mhﬁ@hmﬁf@r@%ﬁ&éﬂf%w#&m@@&ﬁ
bR, A BIAC B O IR INO R £ O time lerm (€ Ay %45 T d K& nEEn
CH R e M EDHEECY > THLh HAEBMTOREL time term & O R Table 4 -4 IR
FCELTH DY, tmwtﬂm®k%é,ik@%%@éf@%@Kﬁbf8&%@%ﬂ&ﬁ?i
Ll LAo TADEL, class 1{d time term 2% 0.3 sec YT oMz RbLTEY, Chicxdi
T RBEOEER 0.7k TR >Twnb, THEXL, class 8t time term %% 1.5 sec &
@K%ﬁﬁ%ﬁ%bfkb,%ﬁﬁ@%ﬁﬁBAMHhOﬁﬁ&ﬁm?éé@T@éome4j
3@&%@%@&%&Fm.m&swi%nﬁﬁﬁﬁ©°m@kééHC®8&%©%ﬁ%ﬁbL
Tm%oﬁof,Cﬂ%@%ﬁ%kw%%%@@%g@ﬁmﬁFkalsKiofﬁ%?%i&

BHKD, WRA (B0 BRIKE) CHEOR PO H~K 30 kn O HEBHEmOBE I CEH IR E



pE DA HhT, TORAWCHC DY, SRR R SR B T B T O MHIR A
Eﬁﬂ&i(Aﬁ?%CtK%LTM42K$mfﬁ&k@bfééoM%W(%@%—kMMﬁ)
{uy@ub6ﬁ25M@%ﬁ\Ymc%ohAmmbMumlO(%MWHW)HﬂTﬁmﬁﬁ
<&D,%ﬂuﬁwkmmﬁm@kﬁw<&émW%l<Mhh1méoMﬁD(%@m"ﬂ@%
ﬂ%ﬂ)fﬂ,'WHU%MDMﬁNB%ZOKm@ERWCmeAW%MHWﬁVC@%ﬁRﬂmﬁmdwﬁmum
K#HTK%ﬁﬁA&WLT%b,ﬁﬁ%&ﬁo(%%ﬂﬂmlo(WMMW%ﬁ)HMK#H%
SR OVRIE L 8 6 knlC M A Tl b, X RUIBIRWC BT 4 BINTEE S o> T bo E 7, T Ol &3l
SNG4 ORI ) @ T Bk T e AR f 2L s L, TN ES R AT e F B SR
WYWMTééoMMC,EK%WT%%®MWUMWT%U,%Q%Kﬂwwwfwmféok
%%@ﬁ,@m#%%<&91méocwléﬁﬂmm@&é@ AL X L Fig 4 -16 g3
Km%hfwéokwﬁ&kC&<,%WM@%§ﬁ$@%KﬂmMﬁmbmfmmVVMTém
é%ﬂﬁ#%%@&bf%%ﬁﬁ%(ﬁ%ﬂmﬁmfﬁ@mﬁﬂkmf%%ﬂwmb%h%ﬁ%f
HhHo WAL DODNTHZDE O BZBER BHPAETE % <, oM E ORI X o THRERO i 2
%b%ﬂéﬁﬁ@%@fééoF@wk15K%mk%ﬁucmiéﬁﬁﬁﬁ@%ﬁﬂ%W?éﬁ
%ﬁﬁ&é%ﬂ%&%@fﬁﬁ<,MM@kétm&mmL@Wﬁ%ﬁ%bk%@f@ac&&%
Lk bDTH b, T —REDEE bk CHIEL T b Ak KETUREE
Mk~ ot b5 BT HERDOT L L Th b, AHCENTEABTHL2 L Z o]
SO I T A THEBOMEEMEE S 6K m%%%ﬂﬁ?ékmm,ﬁ%ﬂﬁ%%ﬁ*ﬁ
TSI LT, O ML F R € D v THEARRICH D CHB W h TR ol b DT D, TDORR
%%ﬁ@ﬁﬁmumﬁﬁiofgbw¥mﬁé%n,ﬂéﬂ@@hF?wa@M@h&Kﬂbf
—Eﬁﬁfé&ctﬁwwbﬁoAﬁ%mﬁKkH%mF%ﬁ@%&&bfm,M%m%ﬁb,%
~ﬁu%®%%%ﬁuwn¥mféb,*@bﬁFOﬁ L E g EEREEB LA A, ThID
%ﬁ%éamuﬁﬂwfuﬁwﬁﬁ&<@% A s R B BB bhte, CcOL I BHRFHEE
é%ﬂ%&%@fﬁ&<,ﬂﬁ®ﬁ§ﬁﬂﬁ%ﬁi@ﬁ%%&%bk%@fééc&ﬁ%ﬁéhm

4 7 T OO RS T SRR T 25 IO B R B IER T E D bh o



Table 4-3a

DISTRIBUTION OF TIME-TERMS OBTAINED BY THE YUMENOSHIMA EXPLOSIONS

Obs. No.|Distance | Travel-time Time~term ( s ) Class
( km ) (s) Vp=5.0km/s | Vp=5.3km/s Vp=5.6km/s

A 1 3.21 1.95 5
2 4.31 2.47 5
3 5.67 3.10 0.9%4 1.00 1.06 5
4 6.99 3.40 0.97 1.05 1.12 5
5 8,28 3.62 0.93 1.03 1.11 5
6 10.01 3.98 0.95 1.06 1.16 5
7 11.10 4.28 1.03 1.16 1.27 6
8 11.96 4,35 0.93 1.06 1.18 5
9 13.10 4.56 0.91 1.06 1.19 5
10 14.69 4.89 0.92 1.09 1.24 5
11 17.36 5.41 0.91 1.10 1.28 5
12 20.23 5.93 0.85 1.08 1.29 5
13 22.69 6.40 0.83 1.09 1.32 5
14 24.76 6.78 0.80 1.08 1.33 5
15 -+ 27.09 7.14 0.69 1.00 1.27 5
16 28.32 7.40 0.71 1.03 1.31 5
17 29.29 7.53 0.64 0.97 1.27 5
18 29.95 7.60 0.58 0.92 1.22 5
19 31.66 7.83 0.47 0.83 1.15 4
20 33.55 8.20 0.46 0.84 1.18 4
21 35.28 8348 0.39 0.79 1.15 4
22 38.74 9.09 0.31 '0.75 1.14 4
23 41.84 9.44 0.04 0.52 0.94 3
24 43.95 9.71 -0.11 0.39 0.83 2
25 48.65 10.24 -0.52 0.03 0.52 1
26 51.01 10.43 -0.80 -0.22 0.29 1
27 53.67 10.88 ~-0.88 -0.28 0.27 1
28 58.89 11.69 -1.12 ~0.45 0.14 1.




Table 4-3b

DISTRIBUTION OF TIME-~TERMS OBTAINED BY THE YUMENOSHIMA EXPLOSIONS

Obs. No.|Distance | Travel-time Time~term ( s ) Class
( km ) (s) Vp=5.0km/s | Vp=5.3km/s | Vp=5.6kn/s
B 1 10.50 4.01 0.88 1.00 1.10 5
2 12.65 4,49 0.93 1.07 1.20 5
3 15.94 5.11 0.89 1.07 1.23 5
4 17.54 5.37 0.83 1.03 1.21 5
5 18.88 5.70 0.89 1.11 1.30 6
6 20.48 6.02 0.89 1.13 1.33 6
7 20.50 6.00 0.87 1.10 1.31 5
8 23.81 6.60 0.81 1.08 1.32 5
9 25.46 6.93 0.81 l..10 1.35 5
10 27.30 7.27 0.78 1.09 1.36 5
7.95 1.46 1.77 2.04 8
1l 28.84 7.85 1.05 1.38 1.67 7
12 31.14 8.24 0.98 1.33 1.65 7
13 34.01 "8.59 0.76 1.14 1.49 6
i4 37.64 9.14 0.58 1.01 1.39 5
15 40.97 9.57 0.35 0.81 1.22 4
16 45.26 10.16 0.08 0.59 1.05 3
17| 49.51 10.94 0.01 0.57 1.07 3
18 52.63 11.54 ~0.02 0.58 1.11 3
19 55.96 11.92 -0.30 0.33 0.90 2
Table 4~3c
DISTRIBUTION OF TIME~TERMS OBTAINED BY THE YUMENOSHIMA EXPLOSIONS
Obs. No.|Distance | Travel-time Time~term ( s ) Class
( km ) (s) Vp=5.0kn/s Vp=5.3km/s Vp=5.6km/s
c 1 10.15 3.92 0.86 0.97 1.08 5
2 13.27 4,57 0.89 1.04 1.17 5
3 17.69 5.50 0.93 1.13 1.31 6
4 20.70 6.08 0.91 1.14 1.35 6
5 24,57 6.82 0.88 1.15 1.40 6
6 26.38 7.32' 1.01 1.31 1.58 7
7 28.64 7.86 1.10 1.43 1.72 7
8 34.00 8.93 1.10 1.48 1.83 7




Table 4-3d

DISTRIBUTION OF TIME-TERMS OBTAINED BY THE YUMENOSHIMA EXPLOSIONS

Obs. No.|Distance | Travel-time Time-term ( s Class
( km ) (s) Vp=5.0km/s | Vp=5.3km/s | Vp=5.6kn/s
D -1 11.04 4,20 0.96 1.09 1.20 5
1 | 11.55 4.31 0.97 1.10 1.22 6
2 13.17 4,51 0.85 1.00 1.13 5
3 15.83 5.12 0.92 1.10 1.26 5
3! 16.60 5.27 0.92 1.11 1.28 6
4 18.14 5.59 0.93 1.14 1.32 6
5 21.48 6.54 1.21 1.46 1.67 7
6 22.36 6.68 1.18 1.43 1.66 7
7 25.91 7.33 1.12 1.41 1.67 7
8 27 .44 7.69 1.17 1.48 1.76 7
9 31.05 8.40 1.16 1.51 1.83 8
10 34.62 9.18 1.23 1.62 1.97 8
11 36.09 9.44 1.19 1.60 1.97 8
12 38.16 9.74 1.08 1.51 1.90 8
13 40.39 9.97 0.86 1.32 1.73 7
14 43,64 10.13 0.37 0.87 1.31 4
15 46.09 10.69 0.44 0.96 1.43 ]
16 48.01 11.07 0.44 0.98 1.47 5
Table 4-3e
DISTRIBUTION OF TIME-TERMS OBTAINED BY THE YUMENOSHIMA EXPLOSIONS
Obs. No.|Distance |Travel-time Time-term ( s Class
( km ) (s) Vp=5.0km/s | Vp=5.3kn/s | Vp=5.6kn/s
E -1 20.42 5.95 0.84 1.07 i.27 5
2 23.33 6.53 0.84 1.10 1.33 5
3 26.45 7.14 0.82 1.12 1.39 6
4 29.21 8.08 1.21 1.54 1.84 7
5 31.17 8.21 0.95 1.30 1.61 6
6 33.70 8.56 0.79 1.17 1.51 6




Table 4-4 CLASSIFICATION OF DEPTH OF BEDROCK

Class Time-term ( s ) : Depth of bedrock ( km )

1 - 0.3 - 0.7
2 0.3 - 0.5 0.7 - 1.1
3 0.5 - 0.7 1.1 - 1.6
4 0.7 - 0.9 1.6 - 2.0
5 0.9 - 1.1 2.0 - 2.5
6 1.1 - 1.3 2.5 - 2.9
7 1.3 - 1.5 2.9 - 3.4
8 1.5 - 3.4 -
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" table 4-5 EFFECT OF GEOLOGICAL CONDITION ON P-WAVE VELOCITY AND COMPARISON OF
P-WAVE VELOCITIES OBTAINED BY DIFFERENT METHODS.

. GEOLOGY

GROUP MEASURING P-WAVE VELOCITY (km/s)
POINT YUMENOSHIMA | WELL LOGGING
SAMPLE TEST | FIELD TEST | EXPLOSION | AT IWATSUKI
MACHIYA 1.1 1.0 1.8
PLIO- KAZUSA G. 1.8 2
PLEISTOCENE NAGATSUTA - 1.3 2 .1
TAKATORIYAMA 2 .1 2 .1
MIOCENE MIURA G.
KOSHIGOE (L. 2) -
KINUGASA 3.3 2.9
2 .8 2.9
ENOSHIMA 2.8 2.9
© OLIGO- HAYAMA G.
_ MIOCENE SAWARA - 2 .7
HAYAMA (1. 8) (2 . 0)
PRE-NEOGENE | KOBOTOKE | TAKAO 3.7 4,7 5.3 4 .7
BASEMENT G. 2
5.6
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Fig.4-17 Location of observation stations for explosions
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peninsula.
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tinuity is not evaluated. ’
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SYNOPSIS

THE INFLUENCES OF DEEP GROUND STRUCTURE
ON EARTHQUAKE GROUND MOTIONS

by
Yazuoh SEO

Tokyo Institute of Technology

Earthquake ground motions are usually composed of various kinds of
seismic waves which propagate individual path. Therefore, characteristics
of earthquake ground motions are considered to reflect many influences of
deep ground structure and to be much complicated.

In this study, deep ground structure from ground surface to the bottom
of the earth's crust in the Southern Kanto Region was made clear by means
of seismic prospecting and analysis of travel time. And typical seismograms
which observed simultaneously at array stations in this area were discussed
how they were influenced by deep ground structure.

The crustal structure of this area was confirmed to be composed of
three layers, based on the analysis of travel time using real earthquakes.
The thickness of the uppermost layer having Vp=5.6km/sec and Vs=3.0km/sec
was about 10km, and the intermediate layer having Vp=6.7km/sec and Vs=3.9
km/sec was about 25km thick. The bottom layer having Vp=7.5km/sec and Vs=
4.3km/sec corresponds to the uppermost layer of the mantle. Sedimentary
layers on the crustal structure were investigated in detail by explosion
tests. And as results, the average depth to the interface between sedimen-
tary layers and the earth's crust was about 2.5km, although it reached to
almost 4 km in particular sites. The uppermost layer of the earth's crust
was recognized to crop out on the surrounding mountains of this area.

_ Through the examination of wave propagation during typical earthquakes,
it was made clear that seismic waves generated by deep or distant earth-
quakes arrived along the upper boundary of the mantle, and those generated
by shallow and near earthquakes arrived along the upper boundary of the
intermediate layer mentioned above. In both cases, seismic waves were con-
firmed to be amplified remarkably in the sedimentary layers because of
multiple reflection of S-waves. Therefore, the uppermost layer of the
earth's crust just under the sedimentary layers was defined as the seismic
bedrock in this area.

' Moreover, by means of array observation of earthquake ground motions,
two kinds of seismic waves were confirmed to be much remarkable at stations
on the thick sedimentary layers, most of all during shallow and near earth-
quakes. One is the S-waves due to single multiple reflection which propa-
gate with the same velocity as the initial motion of S-wave and arrive con-
tinuously with a time interval of constant. The other one is the direct S-
wave which propagates with a low velocity along ground surface. The phase
of direct S-wave was not so significant in case of a simple and impulsive
seismic source, such as the Eastern Yamanashi Pref. Earthquake of 1976.

But usually it has the possibility of growing up to the rather long-period
surface wave. The Near Izu-Ohshima Earthquake of 1978 was the most typical



example of such cases. Those phases were confirmed to be extremely en-—
larged in the sedimentary layers of the Kanto plain, and a simple method
to estimate such kind of ground motion by means of superposing totally
reflected SH-waves after the arrival of direct S-wave was proposed.

In conclusion, earthquake ground motions on the ground surface were
understood as the superposition of many phases due to different paths,
and it was made clear that deep ground structure from seismic source to.
observation site should have strong influences on the characteristics of
earthquake ground motions. ’



