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List of Analyzed Events, wave propagation analysis was conducted M>6 events

Eq. No. SKS Date Epicenter N E M h(km) A (km) Amax (Gal) Iima Rimax 5HzPGA (Gal) Length (s)
1 Without 2011/3/9 11:45 Off Sanriku 38.3281  143.2781 73 8 813 0.4 1.3 900
2 Damping ~ 2011/3/11 14:46 Off Sanriku 38.1031  142.8600 9 24 769 34 3.0 38 150 999
3 Devices 2011/3/11 15:15 Off Ibaraki Pref. 36.1081  141.2647 76 43 555 9 25 3.5 8.9 960
4 2011/3/12 3:59 N Nagano Pref. 36.9850  138.5967 6.7 8 387 1 1.1 1.8 1.6 999
5 2011/3/15 22:31 E Shizuoka Pref. 36.3081  138.5967 6.4 14 309 1 1.3 1.6 1.7 999
6 2011/4/7 23:32 Off Miyagi Pref. 38.2031  141.9197 72 66 704 2 1.3 2.0 20 960
7 2011/4/11 17:16  Hama—dori, Fukushima Pref. 36.9450  140.6717 7 6 539 1 1.0 1.7 14 900
8 2011/7/5 19:18 N Wakayama Pref. 33.9900  135.2331 55 7 74 4 1.6 1.7 4.6 720
9 2011/7/10 9:57 Off Sanriku 38.0317  143.5067 73 34 816 1 1.0 1.9 1.5 840
10 2011/8/1 23:58 Suruga Bay 347081  138.5467 6.2 23 286 1 1.2 1.5 1.9 670
11 2011/10/9 16:18 S Osaka Pref. 345031  135.4900 3.9 12 16 5 1.2 1.0 25 344
12 2013/4/13 5:33 Near Awaji-shima 34.4181 134.8281 6.3 15 59 23 28 29 18.6 400
13 With 2014/3/14 2:06 Iyo—nada 33.6917  131.8897 6.2 78 340 1 1.2 1.3 1.5 600
14 Damping = 2014/11/22 22:08 N Nagano Pref. 36.6917  137.8897 6.7 5 319 1 1.0 1.7 1.4 600
15 Devices 2015/5/30 20:23 W Off Ogasawara Is. 27.8600 140.6817 8.1 682 904 2 1.3 20 1.9 600
16 X: Steel 2016/4/1 11:39 SE Off Mie Pref. 33.3231  136.3817 6.5 29 17 4 22 25 45 600
17 Y: Qil 2016/4/14 21:26  Kumamoto, Kumamoto Pref. 32.7417  130.8081 6.5 11 475 0 0.6 0.9 0.7 600
18 2016/4/15 0:03  Kumamoto, Kumamoto Pref. 32.7000  130.7767 6.4 7 480 0 0.0 0.9 0.5 600
19 2016/4/16 1:25  Kumamoto, Kumamoto Pref. 32.7531  130.7617 7.3 12 478 6 24 3.1 6.4 600
20 2016/10/21 14:07 C Tottori Pref. 35.3800  133.8547 6.6 11 164 8 25 25 8.9 600
21 2016/11/19 11:48 S Wakayama Pref. 33.8417  135.4631 54 51 88 4 1.8 1.8 44 240
22 2016/11/22 5:59 Off Fukushima Pref. 37.3531  141.6031 74 25 633 2 1.6 22 23 600
23 2017/6/25 7:02 S Nagano Pref. 35.8667  137.5850 56 7 239 1 0.7 0.8 1.1 600
24 2018/6/18 7:58 N Osaka Pref. 34.8431  135.6217 6.1 13 29 98 4.0 42 81.8 600
25 2018/6/19 0:31 N Osaka Pref. 348581  135.6067 4.1 10 30 2 03 0.5 1.5 300
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(b) Y(NS) Component without Damper
Before Damper Installation; Change of Dynamic Characteristics of SKS building
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(d) Y(NS) Component with Qil Damper
After Damper Installation; Change of Dynamic Characteristics of SKS building
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Change of the dynamic characteristics of a high-rise building SKS
based on observed strong motion records using the CERS methods

NAKAMURA Yutaka ¥, SAITA Jun ? and SATO Tsutomu ?

1) System and Data Research, President, Dr. Eng.
2) System and Data Research, Senior Research Engineer

ABSTRACT
During the 2011 off the Pacific coast of Tohoku Earthquake, the SKS building kept shaking with unexpected large
amplitude. After this, damping devices were installed against resonance. This paper investigates the change of the travel
time and damping factor in time-series analysis using the CERS methods with opened strong motion records to
understand the unexpected resonance and the effect of added damping devices. As a result, the resonance was caused by
drastically decreasing the damping with approaching the input period to the natural period of this building. The damping
decreased again at the time of the 2016 Kumamoto earthquake.

Keywords: CERS methods, Wave Propagation \elocity, Damping, Earthquake, High-rise Building, Damping Devices
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