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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
this study. In case of stations on firm ground, upper two layers

should be removed from this figure.
.

DISTANCE (km)
50 40 30 20 10 9.

1 1 - i )

gl Vp Vs H
(krss) (kmzs) (km)

A
N

L7 67 -365-16.9

P =

"7 3ok
/// T T P'WAVE

EEES -
& ——=--  S-WAVE

8.0_4‘5"‘ L N o

40

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.
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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
and local prospectings in and around the Miura
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. ’



