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3.1 AHBDETIVER

X 3 12 NIOM f#HT 12 & > TEH LN AR ETVEEO %2R Y. (a) DaT - EIRNE—REL D Eio
HWEDHI (2003/07/20 1:47 M3.7), (b)~(d) HET - EIRNFEEHE OARRE EZEBF G & a0 — ¥ 55, (e)d) »°
FNEN, REEHZEN 6 r ARORBROMITHRTH L. b, B L RERSZNEN, EW 5T
ABEFIVIWETE A LS N2 EOWTE) L REF VIR (Ealb S b o) 271, NS
IOV TIRHITETVIRIEOAZFERTRL TS, T2, FHTPOMEIX EW 5o Bl €7 vk
EOY—Z7EMAZRLTBY, Al L H 12, ZOMEPHFOBEFTOXEN (MF260m) 225#3F%F T
DOHFEW DR & 25, MRS XIS, BIRLZTRTOMEICBNT, HIEF VIR A
DE—= 7 HFHBIZEHNTWE Z bbb, &% KET— FEOMHTHER (3¢, d) TiE, MO
L AT 0 fFEOIRIELSKE <, IEHO S EOEFHERICKY 57z XH (B X%-0.35~+0.3sD

F 1 NIOM BT £ 1T - /- BOZETY. 2008 SFEF - EHAEMBEREIE 12U v VHTRY.

S H R BN E Bl M e H R FESU VAT Bl M
g R RS HiEE MR EE RS Bk
°N °E  (km) (km) °N °E  (km) (km)

2000/12/10  21:30  39.13  141.40 79 48 4.0
2001/02/08 0:24  39.06 140.78 13 9 39 (Do%)
2002/05/12  10:29  39.15  141.16 96 30 5.1 2008/06/15  2:25  39.01  140.94 12 6 40
2003/07/20 1:47  39.04  140.96 6 8 3.7 2008/06/15  2:29  39.09  140.97 11 13 42
2005/03/19  12:09 38.94  141.41 86 48 4.1 2008/06/15  14:22  38.92  140.89 10 9 34
2005/11/01  11:01  39.06  140.82 9 8 46 2008/06/16 126 39.10  140.94 12 13 3.7
2008/06/14  8:43  39.02  140.88 8 3 72 2008/06/16  8:33  39.09  140.93 12 11 33
2008/06/14  8:56  39.11  140.97 12 15 44 2008/06/16  13:35  39.10  140.93 12 12 41
2008/06/14  9:06  39.01  140.86 11 1 39 2008/06/16  13:56  39.00  140.79 10 6 39
2008/06/14  9:23 3898  140.86 10 3 36 2008/06/16  23:14  38.99  140.84 11 253
2008/06/14  9:52 39.09 14091 13 10 46 2008/06/17  0:03 3891  140.86 9 11 35
2008/06/14  10:00  39.03 14091 12 4 45 2008/06/17  0:59  39.06  140.77 12 10 4.1
2008/06/14  10:28  39.07  140.95 11 10 3.1 2008/06/17  3:02  39.06  140.97 10 11 32
2008/06/14  10:37  38.99  140.85 10 2 35 2008/06/17  3:23  39.09  140.94 11 11 42
2008/06/14  10:40  38.93  140.89 6 9 48 2008/06/17  21:31  39.10  140.94 11 13 4.1
2008/06/14  10:48  39.02  140.90 12 4 32 2008/06/17  22:19  39.10  140.94 11 13 34
2008/06/14  11:19  39.11  140.87 10 11 36 2008/06/18  16:55  39.03  140.87 12 3 45
2008/06/14  11:35  39.02  140.89 10 3 43 2008/06/18  18:04  39.10  140.93 12 12 45
2008/06/14  11:55  38.94  140.89 9 8 38 2008/06/18  23:55  39.05  140.89 12 5 40
2008/06/14  12:10  39.09  140.87 9 9 47 2008/06/19  19:05  38.92  140.87 10 9 32
2008/06/14  12:14  39.09  140.87 11 9 44 2008/06/22  11:08 3893  140.89 8 8 4.1
2008/06/14  12:30  39.10  140.87 13 10 39 2008/06/24 844  39.03  140.87 10 3 37
2008/06/14  12:36  39.06  140.88 13 6 3.7 2008/07/05  13:14  39.10  140.95 9 13 40
2008/06/14  12:55  39.01  140.89 9 2 33 2008/07/05  14:21  39.06  140.95 9 10 4.0
2008/06/14  13:10  39.09  140.87 10 10 43 2008/07/07  15:14  39.03  140.89 10 4 40
2008/06/14  13:30  39.05  140.87 10 5 39 2008/07/13  10:26  38.98  140.87 8 3 3.1
2008/06/14  15:24  39.07  140.94 11 10 29 2008/07/14  23:12  39.09  140.94 9 12 34
2008/06/14  15:43  39.09  140.99 11 14 33 2008/07/14  23:56  39.13  140.90 11 14 43
2008/06/14  16:02  38.97  140.90 8 5 37 2008/07/19  13:09  39.10  140.85 12 11 42
2008/06/14  17:13  39.03  140.90 12 4 37 2008/07/20  3:58  39.10  140.84 12 11 39
2008/06/14  17:31  39.00  141.04 12 15 33 2008/07/23  12:54  38.99  140.86 10 2 42
2008/06/14  18:43  39.03  140.86 11 3 34 2008/07/25  5:48 3898  140.82 8 5 39
2008/06/14  20:07  38.99  140.84 10 3 38 2008/07/29  0:55 3895 14091 8 7 39
2008/06/14  20:42  39.04  140.88 9 4 35 2008/07/29  16:27  39.06  140.86 10 6 43
2008/06/14  21:10  39.12 14091 11 13 36 2008/07/29  16:35  39.06  140.87 10 6 46
2008/06/14  21:48  39.13  140.91 12 14 47 2008/08/06  13:04  38.92  140.88 7 10 3.0
2008/06/14  22:15 3893  140.88 9 9 3.1 2008/08/24  4:22 3898  140.88 5 3 35
2008/06/14  23:42  38.99  140.89 10 3 48 2008/09/01 4:37 3885 140.87 5 17 29
2008/06/15  0:04 3892  140.88 9 10 35 2008/10/11 4:55  38.88  140.87 5 14 33
2008/06/15 1:14  39.01  140.90 10 2 34 2008/12/15  18:24  38.94  140.90 8 8 34
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X 312 BV CTHEE R OEERR OZbIcE H$ 5 &, (a)2003/07/20 DHFETIE 0.25s F2E (K 1 @ PS I
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Temporal Change of S-wave Propagation Time Observed at the KiK-net
Ichinoseki-Nishi Site during, before, and after the 2008 Iwate-Miyagi
Nairiku Earthquake
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ABSTRACT

The 2008 Iwate-Miyagi Nairiku earthquake caused severe damage in the southern part of Iwate and the northern
part of Miyagi Prefectures. The KiK-net Ichinoseki-Nishi observation site, operated by the National Research
Institute for Earth Science and Disaster Prevention, is situated near the epicenter. The vertical array records ob-
served at the site provide valuable information about the wave propagation at a large strain level. In this study,
the temporal changes of S-wave propagation time were examined based on the Normalized Input-Output Mini-
mization (NIOM) analysis. The NIOM analyses were carried out for the vertical array records observed during the
mainshock and the events before and after it. The results revealed that (1) the S-wave propagation time increased
from 0.258 s to about 0.35 s due to nonlinear behavior of the soil; (2) this propagation time corresponds to the 60%
reduction of the shear moduli of the surface layers (ground—64 m depth) and the strain level of 1x107%; and (3) the
propagation time after the mainshock was still larger than the observed propagation time before the mainshock,
and gradual decrease of the propagation time was observed during six months after the mainshock.

Key Words : The 2008 Iwate-Miyagi Nairiku Earthquake, Propagation Time of S Wave, Temporal Change,
Nonlinear behavior, NIOM Analysis, Earthquake Ground Motion
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