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Elucidation of causes of long-period ground motions in Aso city during the 2016
Kumamoto earthquake and evaluation of seismic response of buildings

KANNO, Tatsuo
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Based on the observations of earthquakes and microtremors, we investigated
the cause of the long-period ground motion of 3 sec. period observed in Aso during the Kumamoto
earthquake. As a result, it was clarified that the ground motion generated in the strong motion
generation area under Nishihara village and was further amplified by the sedimentary layer over 1 km

thick.
And, we investigated the vibration characteristics of the wooden buildings based on the structural
surveys and the observations of earthquakes and microtremors. In the wooden building after 2000, the
evaluated result by the surveys and the observations were shown good correspondence. However, in
the buildin% that constructed 80 years ago, there were many discrepancies among each analysis. It is
noted the following two findings; one is that the effects of horizontal structural rigidity should
be taken into consideration, another is that the natural frequency decreases to 70 to 80% during a
strong building vibration.



28 2016 4 14 21 26 M; 6.5

28 4 16 1 25 M7 .3
2 7
1 2
3
@
@
K-NET KMMOO4
3 ®
©)
@
1 A KMMOO4 ASO001 7
4
2 3
200 m 60 180
200 m 15 30
D Rayleigh
10.24 81.92 Rayleigh
S 2 GA
GA J-SHIS®  JIVSM?
1 2.4
kmx 1.2 km 200 m 91
13x 7 89
— = s e M }I \ L
A "m‘-l“‘\ |
. - -
r m -J M
P 111 G & 4 : W %
B _'_-’” i ._‘! \\ YIB 6ASOOO7 :
" r=200~100 (JE+88) . 30~2 (JE+RS) .
LL] V L1 II:
" T “g i 'm N :
g v h \Qrase/ | “ e
r=800~100 (JE+88), 30~ 26(JE+I=ZS) A r=100~10 (LE+XT) g
\ ( i \ @ASOOOZ' £
I | ® :—m'ﬁmﬁﬁ

‘_ASOOOG i ' =z

 ASO0004

JE JEP-6A3-10 : . KMM004 A

LE LE-3D/5s Lennartz Electronic

g g TR e
XT  DATAVARK LS-7000XT : i "or= 800 205 (JE+GP), 80~2 (JE+RS)
88 DATAWARK LS-8800 ~ Wi N

\ , — :, " S/ [



0.1 Hz

K-NET
30 km
P S
1997

Somerville (1999)%

AS0003 KMMOO4
AS0006 ASO007

JEP-6A3-10 10 V/g
GPL-6A3P AD 24 bit
RS-AD24 AD 24 bit
15 100 Hz
H/V
H/V 2
H/V 40.96
Parzen Window
10 H/V
(2) KMMOO4
KMMOO4
KMMOO4
5)
N C
w2 6)
me fCe C
n 1997 2016 4 19 2016
My 4.0 20 km F-net CMT
6 4.6 M; 5.5 10.0 km 14.1
2 200 cm/s?
8
30 2 S 3.1 km/s 0
) me
fer = 0.0904 Hz 6 Tz
Asano and Iwata (2016)%
2
2 K-NET KiK-net
Irikura (2017)* 2017 »
SMGA
13)
SMGA
©)
AS0001 AS0002
AS0004 AS0005 AS0005
1 JEP-6A3 1.1 V/g
LS-8800 100 Hz
H/V
20.48 Parzen Window 0.2 Hz
NS EW Radial Transverse
Transverse
AS0004 KMMOO4
)
2000 ASOBO1
ASOB02 2
LAN
SU501 SU201 3
AD 24 bit
14)
15 ASOB02
@

DATAMARK

80

LU301

Rayleigh



GA

INM 2(a) (b)
1.1 Kkm J-SHIS®
H/V
Rayleigh 2(c)
3.4 10 2(d) INM
1 15
18 J-SHIS®
(2) K-NET
Somerville 1999 10 20%
22.2%
2016 4 14 22:43 M; = 5.1
c=1.14 N=12 N
C SMGA
N =12
42 km?*  SMGA; 126 km?>  SMGA;
SMGA Tr W a
Vr Tr=alWW V., a =0.5 2003 1V
a =0.25
3 KMMOO4
3 KMMOO4 SMGA
2017 2 SMGA KMMOO4
KMMOO4
SMGA;
KMMOO4  INM
1
1/6
1
KMMOO4  INM 3.4 10
KMMOO4
SMGA;
(©))
H/V
AS0004 AS0001 2.9 AS0003 AS0007 2.5 AS0002
AS0005 AS0006 4 AS0002 AS0005 AS0006 ASO004 KMMOO4
H/V
2 5 AS0001 AS0003
AS0004
KMMOO4 ASO004 AS0003
AS0001 AS0007 2 5
—~3 T 0 e 100 g
R (@) :jl_ b ©3
€[ ] i 1w T
éZT O Observed ] ’é\-O.5j — 310; — Observed S
20 — Model (this study) ] < r O f — Model =
5 : — Model (J-SHIS) E r — g - .:_95
241 1 & af 4% 1t =
oI e ]NM___l__i S g
o | L = This Study | 4 [
i 7|‘N‘N‘IHH\ e 7“7\“]‘-5‘&”\3‘”‘\‘( | A W RN il
0 1 10 I R 0b1 1 10 0.1 1 10
Frequency (H2) Vs (km/sec) Frequency (H2) Period (s)
2 (@ (b)
(© H/V

Rayleigh (d)



NS EW NS Ew

o SN % B
) S
ASOBO2 80 T a0 5.
E gF Background Area 1 ElgF g 1‘5%
gk o gwéib
Caor suca 10 < )
05 0T i e e il
ﬁ Background Area2 Vg 11%3
b o i e
0.2 bl b o, sl 15 okt
Time(s] Timels] Timeds  Timelg Period s
3 KMMOO4
ASOBO1
ASOB02
7 8 ASOB02
1) Aki, K.: Space and time spectra of stationary stochastic waves, with special
reference to microtremors, Bull. E. R. I., Vol. 35, pp. 415-456, 1957.
2)
60 468 pp. 9-17 1995
3) J-SHIS Map http://www.j-shis_bosai.go.jp/map/.
4) Koketsu, K., H. Miyake, and H. Suzuki: Japan integrated velocity structure model
version 1, paper no. 1773, Proc. 15th world Conf. Earth. Eng., Lisbon, Sep. 2012.
5) Irikura, K.: Prediction of strong acceleration motions using empirical Green®s
function, Proc. 7th Japan Earthq. Eng. Symp., pp. 151-156, 1986.
6) Brune, J. N.: Tectonic stress and the spectra of seismic shear waves from
earthquakes, J. Geophys. Res., 75, pp. 4997-5009, 1970.
7 1997 3 26 MIMA6.5
5 13 MIMAG .3
2 51 4 pp. 431-442 1999
8) K-NET
No. 2 B23 1997
9) Asano, K., and T. lwata: Source rupture processes of the foreshock and mainshock

10)

11)

12)
13)
14)
15)

16)
17)

in the 2016 Kumamoto earthquake sequence estimated from the kinematic waveform
inversion of strong motion data, Earth, Planets and Space (2016), 31 August 2016.
Somerville, P., K. lIrikura, R. Graves, S. Sawada, D. Wald, N. Abrahamson, Y.
Iwasaki, T. Kagawa, N. Smith, and M. Kowada: Characterizing crustal earthquake
slip models for the prediction of strong ground motion, Seism. Res. Let., Vol. 70,
No. 1, pp. 59-80, 1999.

Irikura, K., K. Miyakoshi, K. Kamae, K. Yoshida, K. Somei, S. Kurahashi, and H.
Miyake: Applicability of source scaling relations for crustal earthquakes to
estimation of the ground motions of the 2016 Kumamoto earthquake, Earth, Planets
and Space (2017), 3 January 2017.

2016
82 741 pp-. 1707-1717 2017
2 2020 3 2020
79 701 pp- 923-932 2014
2012
https://gbank.gsj - jp/geonavi/geonavi . php.

2
No. 15 2003



33

2018

47-52

DOl

13

K-NET

2017

2016

2017

2016

2018




2016

K-NET

2018

2019

2019

2019




2019

2019

2019

2020




2020

2020

(SATO Toshiaki)

(00637887) (17102)
(SHIGEFUJI Michiko)

(90708463) (17102)
(NAMBU Yoshihiro)

(80802298) (17102)




