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Table 1. Earthquake data for the seismograms used in the analysis.
Earthqg. Epicentral region or . Depth 4 | Intensity
No. Date name of earthquake Epicenter (km) M (km) | (Tokyo)

1 | 1916. 9.15 | Off Boso pen. 141.1° E | Shallow | 6.9 | 200 v
34.83 N

2 11921.12. 8 | RYUGASAKI 140°08’ E 44 6.7( 50 v
36 02 N

3 11928, 5.21 | Central part of Chiba | 140 02 E 70 6.3| 25 \Y%
Pref. 3541 N

4 |1929. 7.27 | W part of Kanagawa {139 07 E 10 6.2 64 A%
Pref. 3629 N

5 11930. 6. 1 | E off Ibaraki Pref. 140 31 E 10 6.5 | 110 v
3631 N

6 |1930.11.26 | KITA-IZU 138 55 E 0 7.2 98 v
3508 N

7 [1931. 6.17 | S part of Saitama 139 23 E 0 6.3 | 36 v
Pref. 3548 N

8 | 1931. 9.21 | NISHI-SAITAMA 139 15 E 0 6.9 68 v
3609 N

9 | 1933. 3. 3 | SANRIKU-OKI 144 42 E 0-20 8.3 | 575 111
39 06 N

10 | 1938. 6. 6 | N part of Chiba Pref. | 140 21 E 0 6.0| 53 11T
3543 N

11 | 1949.12.26 | IMAICHI, 1 139 42 E 0-30 6.4 | 110 I
(08:17) 36 42 N

12 | 1949.12.26 | IMAICHI, 2 139 42 E 0-30 6.7 | 110 111
(08:25) 36 42 N

13 | 1952. 5. 8 | Central part of Chiba | 140 15 E 70 6.0 | 58 1
Pref. 3523 N

14 | 1953.11.26 | BOSO-OKI 141 20 E 60 7.4 240 v
3400 N

15 | 1956. 2.14 | W part of Chiba Pref.| 139 55 E 50 6.0 14 v
3543 N

16 | 1956. 9.30 | Central part of Chiba | 140 11 E 70 6.2 38 v
Pref. 3542 N

17 11961. 1.16 | E off Ibaraki Pref., 1 | 142 16 E 40 6.8 | 230 11T
(16:20) 36 02 N

18 | 1961. 1.16 | E off Ibaraki Pref., 2 [ 141 59 E 20 6.5 | 210 II1
(21:12) 3613 N

19 | 1961. 1,17 | E off Ibaraki Pref. 142 08 E 40 6.6 | 220 IIT
36 09 N

20 | 1964. 6.16 | NIIGATA 13911 E 40 7.5 | 300 111
3821 N

21 |1968. 5.16 | 1968 TOKACHI-OKI 143 35 E 0 7.9 | 650 III
(09:49) 4044 N

22 | 1968. 5.16 | E off Aomori Pref. 142 51 E 40 7.5 690 1I
(19:39) 4125 N

23 | 1969. 9. 9 | Middle of Gifu Pref. 13704 E 0 6.6 | 240 111
3547 N

24 |1972. 2.29 | E off Hachijojima 14116 E 70 7.1 310 v
3311 N

25 | 1972.12. 4 | E off Hachijojima 141 05 E 50 7.2 {300 v
3312 N
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Table 1. (continued)

Earthqg. Epicentral region or . Depth 4 | Intensity
No. Date name of earthquake Epicenter (km) M (km) | (Tokyo)
26 | 1974. 5. 9 | 1974 IZU-HANTO-OKI | 138°48’ E 10 6.9 | 155 111

3434 N
27 | 1974. 6.27 | Near Hachijojima 13912 E 10 6.1 | 255 111
3345 N
28 11978, 1.14 | 1978 1ZU-OSHIMA- 139 15 E 0 7.0 115 v
KINKAI 34 46 N
29 | 1978, 6.12 | 1978 MIYAGI-KEN- 142 13 E 40 7.4 | 350 v
OKI 3809 N
2. i‘[ﬂ % ‘é_E ﬁ 138 1a0* 142°
] 1 ] 1 1 1
MT UichbEzicshs, 1916 4¢ ' ' ‘. ! ~3<

b 1978 E£ETo 29 HEIC X
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Table 2. Seismograph constants used in the correction of seismograms for
instrument response.
Earthq. Seismo- Natural Period (sec) Damping (h) Ref
No. graph ererences
Ns | Ew | UD | Ns | EW | UD
1 B 9.0 8.6 0.30 0.29 8
2 A 26.2 32.0 0.013 | 0.018 8
3 B 10.0 10.0 0.29 0.29 1
4 B 8.3 6.8 0.22 0.20 8
5 A 50.0 50.0 0.13 0.13 1
6 A 36.0 47.0 0.30 0.38 4
7 B 10.0 10.0 0.29 0.29 1
8 A 33.0 47.0 0.13 0.18 8
9 A 50.0 33.0 0.13 0.13 2
10 (o4 5.6 6.9 0.37 0.37 6
11 B 8.0 5.4 0.20 0.10 8
12 B 8.0 5.4 0.20 0.10 8
13 B 7.3 6.4 0.20 0.20 7
14 C 6.0 5.8 5.1 0.59 0.61 0.59 6
15 B 7.8 6.4 0.20 0.20 7
16 C 6.0 6.0 5.0 0.55 0.55 0.55 6
17 C 6.1 6.0 4.7 0.57 0.55 0.53 6
18 A 64.0 110.0 0.58 0.56 3
19 A 64.0 110.0 0.58 0.56 3
20 C 6.0 6.0 0.55 0.55 6
21 C 6.0 6.0 5.0 0.55 0.57 0.57 6
22 C 6.0 6.0 5.0 0.55 0.57 0.57 6
23 C 6.0 6.0 5.0 0.55 0.55 0.50 6
24 C 5.9 6.1 5.0 0.54 0.53 0.53 6
25 C 5.9 6.1 5.0 0.54 0.53 0.53 6
26 A 31.0 19.9 0.18 0.23 5
27 A 31.0 19.9 0.18 0.23 5
28 A 31.0 19.9 0.18 0.23 5
29 A 31.0 19.9 0.18 0.23 5
A; Omori’s long-period seismograph.

I OW

; Imamura’s strong-motion seismograph.
; JMA strong-motion seismograph.

Seismometrical Report, E. R. 1., (1931), 375.
Seismometrical Report, E. R. I., (1933), 1.
Seismological Report, E. R. I, (1960-1961).
Bull. E.R. I, 9 (1931), 39.

Special Bull. E. R. I, No. 14 (1974), 17.
Data form the J. M. A.

Data from observational note.

Data from the free oscillation record of seismograph.
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Fig. 8. Fourier displacement and acceleration amplitude spectra for vertical seismograms.



o2 R 350 B R O i 641

300 km TREEAE C &\ (H=0~10km) 172 (Flxf, JeFE, 47, BRRAE, 7
TAEM) TiE, T HODOAR P ARREIHEEERL, H<OBAR B LD T
A OIRIEA K X . {07, BB 50~60km LI T O RFE (H240km) EE T
FEIBIIRLA OIRIBAHIRNC K & <, 4see MHOAMb €= BhbhB. Fie, T
WA &b R R OERIENAKECHEDS .

ETHRAD AR 2 F ARRHAL DL, 1 Flebhy o TR 200 km BLEDIES
LI HLDTHDHN, LA AT 4~bsec DLURIEHTMCE IS, IEE
ARy P AE X o THIRCEFNR S 2RI LTA 5 L, dsec RO Y — 7 12—
Macie s & & bic, LR EDOARZ T Al 2see TN E— 725D LR,

TDIBHE, ARZFAF—BC 1oL LODFH L~ rE L, sUANOU
sy WIS Ch 5. Fig. 9 10/KTH LU LTS O M o1 L HbiE © [EdE
WEE ORRTRE L. L, ABEOKRESELDE— 720320555l
R 55y, T B4 &b S aofis 6~9sec iwdirfh LTV %25, 10~15sec O L[]
BLobDL il F1, R OB IOV BTt 4~bsec DRENIZ LD
%@ﬁgb,gwcm%@ﬁmmMﬁmgoﬁ,ﬁm##%&fmhh%:&m&@mm
T 5.

WEH D A2 b A, B
W EIREE S O O 1000

. E_ T e ®0
ST R OB E R e T & 25 L E en o T e
- XV e x o e

TesnifiRe LCTHMS RS b ARA.
DTHDHHG, P, FRREEE, . g
Jifite &M i B HFDIFE DO A R

~y P ADFRER ENE, ThT ° ® s
ROWETYC 2 % R ISR, .

F e ds BRI A B O T o} L

< ]
e s PERIOD
X AW OEEREELS S S h B .
5 . - Fig. 9. Distribution of the predominant periods of
o 3 .10 12
(o T\{R’ }975)' Fig 1 ¢ earthquake motions represented in relation to the
FIT AR B A2 b epicentral distance of the earthquakes.

N (BEIEEY) R dokfiiC kiR
LCm L. KSERS Tl 8see

T T TTTI

fHE O ER AT, BT 5 Lol

WAt 2R T o LT, g

LTRSS D) 4.5sec TH 5

%. o5
RO TG LT,

ISR e 7 v — Te LY [ ’I L0 1 tgat

1976 4ELISE—IoPTE, Bre : 2 ° PERIOD 10see

fribh O « fln, 1976-1978), & pye 10, Normalized average displacement amplitude
i L2 bR SRR E TOR spectrum for each of the three components.



642

Table 3. Constants of underground structure for the

Hispr 1

model A (after SHIMA et al.).
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28. Characteristics of Strong Earthquake Ground Motion in
the Period Range from 1 to 15 Seconds.

—Analysis of the Low-Magnification Seismograph Records—

By Teiji TANAKA, Shizuyo YosHIZAWA and Yutaka OsAwa,
Earthquake Research Institute.

It is of prime importance to clarify the characteristics of strong earthquake ground
motion in the period range from 1 to 10 or more seconds, to improve the method of
earthquake resistant design for high-rise buildings and other long-period structures. For
this purpose, displacement records of the low-magnification seismographs (natural period
=6-100 sec, magnification=1-2) at Tokyo resulting from 29 earthquakes have been in-
vestigated by means of various spectrum analysis techniques. The range of magnitude
(M), focal depth (H) and epicentral distance (4) of the earthquakes are 6.0-7.9, 0-70 km,
and 14-690 km, respectively.

Seismograms were corrected for instrument response and rotated into radial and
transverse components. The seismograms can be classified into three groups according
to the waveforms. The first two groups, A and B correspond to very shallow earth-
quakes with epicentral distance of about 100 km, or more for group A and less than
about 50 km for group B. The last group, C, as resulted from nearby earthquakes,
has a focal depth of about 40 km or deeper.

Wave types were determined with the aid of the response envelope spectrum (RES).
Clear dispersion was found for the transverse component of group A and the ground
motion mainly consists of the fundamental mode of Love waves. While seismograms
of group C show a pulse like waveform, which consists essentially of body waves.
Group B is intermediate between groups A and C.

The Fourier amplitude spectra differ with different epicentral distances and focal
depths, i. e., nearby earthquakes (4<<50 km) have a few peaks in a shorter period range
(3-5 sec), while the moderately distant earthquakes (4=>100km) have a large single
peak in a longer period range (6-13 sec.). Most of the spectra, however, have the
largest peak at a period of around 8 sec. Comparing the observed spectra with the-
oretical amplification characteristics of the ground for SH waves and Love waves (Lo),
it was found that the above spectral feature strongly reflects the deep underground
structurs, down to about 2.3 km, of the Tokyo area.

For estimating the Fourier amplitude spectra (FS) of strong earthquake motions,
a simple formula, expressing FS as a function of M and 4, was calibrated using the
horizontal components of seismograms from 19 earthquakes (M =6.5, 4=70km). The
estimated spectra for acceleration are almost flat for the range 1-8 sec, and an empiri-
cal formula for the acceleration spectral amplitudes, log A=0.74 M—0.89%log 4—2.2 was
obtained.

The effects of wave types on structural response were examined by the RES (Sp,
h=0.02). Also, the effective strength of the ground motion due to 28 earthquakes was
evaluated comparing the response amplitudes of a single degree of freedom system
with those of the typical strong-motion accelerograms used in the earthquake resistant
design of structures. The important conclusions are; 1) A danger of earthquake
motions abundant with surface waves is to lengthen the duration of vibration in
structures. 2) The long-period structures situated above thick sedimentary layers as
in Tokyo are expected to be severely stressed when a very shallow earthquake with
magnitude greater than 7.0 occurs at a distance of approximately 100 km or less from
the site.



