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VERIFICATION OF METHOD TO EVALUATE AMPLITUDE-DEPENDENT NATURAL FREQUENCIES
OF STEEL BUILDINGS USING MAIN SHOCK RESPONSE

ZE = R 7 N =S M < =S N~y NI S S

Takuya WADA, Yoshiki IKEDA, Masahiro KURATA and Tbshihide KASHIMA

The understanding of amplitude-dependent dynamic properties is useful to forecast the structural performance under aftershocks.

The authors have proposed an analytical method that uses only a main shock response to evaluate the amplitude-dependency of

natural frequencies for steel buildings. The effectiveness has been verified by the vibration data recorded at an actual 29-story steel
building in Tokyo under the 2011 Great Tohoku Earthquake. To investigate its effectiveness and practicability more, this paper
applies the same method to four other steel office buildings that were excited under the Tohoku Earthquake: a 15-story building in
Sendai, 20-story and 21-story buildings in Tokyo, and a 23-story building in Yokohama. These application examples illustrate the high

effectiveness of the proposed evaluation method.
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Table 1 Buildings for verification and peak accelerations under
main shock of 2011 Great Tohoku Earthquake

Peak
Yearof T loorof  Acceleration
Building Location Story ompletion SUSCd (cm/s?)
Cnsor

L-dir T-dir
Sendai City, 15F 15F 346 361
A Miyagi +B2F 17 B2F 259 163
Chiyoda Ward, ~ 20F 19F 177 135
° Tokyo +B3F 19 IF 91 85
Chiyoda Ward,  21F 21F 121 131
¢ Tokyo +B4F 2000 B4F 75 71
Yokohama City, ~ 23F 23F 162 Not

Kanagawa 4B3F 1995 B3F 60 recorded
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Table 2 Used earthquake observation records
Used
Building Direction Time data Remarks
sets
L Before 57  Before
A N164°E  Main+ After 164 24 Jun 1989 - 10 Mar 2011
T Before 56  Main+ After
NO074°E  Main + After 155 11 Mar 2011 - 31 Dec 2016
L Before 23 Before
B N208°E  Main+ After 82 18 Aug 2003 - 10 Mar 2011
T Before 24  Main+ After
N298E  Main + After 93 11 Mar 2011 - 31 Dec 2016
L Before 132 Before
C N208°E  Main + After 234 26 May 2003 - 10 Mar 2011
T Before 123 Main+ After
N298°E  Main + After 233 11 Mar 2011 - 31 Dec 2016
Before
b L Before 3723 Mar 1995 - 10 Mar 2010
N213°E Main + After 13 Main+ After

11 Mar 2011 - 31 Dec 2016
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Table 3 Parameters for Equation (1) and standard deviations of
natural frequencies for Building A

Direction Mode Parameter f. Parameter b Stapdgrd
(Hz) deviation
L 1 0.498 240 0.0068
N164°E 2 1.563 88 0.0188
T 1 0.499 215 0.0075
NO074°E 2 1.559 71 0.0229
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Table 4 Parameters for Equation (1) and standard deviations of
natural frequencies for Building B

Direction Mode Parameter f. Parameter b Star.lda.lrd
(Hz) deviation
L 1 0.497 197 0.0113
N208°E 2 1.437 51 0.0363
T 1 0.547 114 0.0203
N298°E 2 1.601 45 0.0376
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