TERE | ﬁi_ﬁ]ﬁ%ﬁﬁuﬁ-_} TR R U |

Tokyo Tech Research Repository

oo /00000
Article / Book Information
oo@a) OO0000000000D0O0DOO0DOO0DOO0ooOoooooooooon
OOoo0Ooooon
Title(English) Higher Harmonics of Floor Acceleration in SDOF System with Bilinear
Hysteresis Under Periodic Sinusoidal Ground Motion
oo@a) oood
Authors(English) Kensaku Kaneko
oo@a) OO0000000000Oo, Vol. 82, No. 740, p. 1571-1576
Citation(English) Journal of Structural and Construction Engineering (Transactions of
AlJ), Vol. 82, No. 740, p. 1571-1576
000 /Pub. date 2017, 10
Rights oooooo
Relation is version of:
https://www.jstage.jst.go.jp/article/aijs/82/740/82_1571/ article/-char/ja
Note OO0000000000D00D000OJ-STAGEDODODODOOODOOOOO

Powered by T2R2 (Tokyo Institute Research Repository)


http://t2r2.star.titech.ac.jp/

CEa= | I AEE S A s R SCoE 4582% £5740%, 1571-1576, 20174E10H
7 J. Struct. Constr. Eng, AIJ, Vol. 82 No. 740, 1571-1576, Oct,, 2017
DOI http://doiorg/10.3130/aijs.82.1571

TEH SR TIZBU o—E 1) =7 BB IR R ORI BN BN & TS = T IR 8 o7

HIGHER HARMONICS OF FLOOR ACCELERATION IN SDOF SYSTEM
WITH BILINEAR HYSTERESIS UNDER PERIODIC SINUSOIDAL GROUND MOTION

& 1 i fE"
Kensaku KANEKO

This paper is a preliminary study to evaluate the seismic force of nonstructural components beyond the elastic limit of buildings. Floor
responses involving higher harmonics are investigated in an SDOF system subjected to sinusoidal ground motion. In order to simplify
the formulation, floor acceleration waveform is approximated using piecewise linear waveform in the steady state condition. A closed
form of Fourier amplitude of the higher harmonics is formulated in terms of a post-yield stiffness ratio and a ductility factor. The

solution is compared with the Fourier amplitude obtained by nonlinear time history analysis and confirmed to be reasonable.

Keywords : Floor response spectrum, Ceiling , Nonstructural component, Friction damper, Passive vibration control, Base-isolated building
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Fig. 3 Variation of acceleration responses of secondary system
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Fig. 4 Piecewise linear approximation of floor acceleration
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Table 1 Post-yield stiffness ratio in numerical example

Parameter Corresponding building type
p=0.01 Frames with friction damper
p=0.05 Benchmark structures
p=0.15 Frames isolated by lead rubber bearing
p=0.3 Frames with steel damper




—— Proposed solution (eq.(18))
0 p=001 Ap=0.15 FFT with result of time
A p=0.05 xp=03 history analysis
0.5
3rd higher harmonic
0.4
o ©® @ p=0.01
0.3t )]
A B
a =0.05
02} ab P
AR 2 p=0.15
& % X% ARX
Ol B Xx >58< “A
p=03 o
00 =
1 2 5 10 20 50 100
Ductility factor u
0.30
0.25 5th higher harmonic
0.20 P p=0.01
A o1 s
a s L 0.05
0.10 p=0.15
& asf
0.05
KX
p=03 *
0.00
1 2 5 10 20 50 100
Ductility factor u
0.20
7th higher harmonic
0.15
é 0.10
a
0.05
000 N~ e SRR RS 3
1 2 5 10 20 50 100
Ductility factor
0.10
9th higher harmonic
0.08
0.06
A
a
0.04
0.02
0,00 L&
1 2 5 10 20 50 100

Ductility factor u

Fig. 7 Comparison of Fourier amplitude of higher harmonics
(time history analysis vs. proposed solution)

PEROERIZIEY, @R OWIFIIHRE L T bDD, H DL
BT, SdEE ORI T 5, I ORES R A2 X D
WVER X, p AR EWVIEEY, EEEREORENENZTERE R
BEesd, THEE, —hbOfEEm CRIKRILTND,

6. F&H

FEMEIEE A ORRF MR ) & T 2 20O T L LT, #
FidiB) 2 5213 5 34 U = 7 RUBIERE 2G5 1 E AR O EKISE
WG END WIS & o0 Lz, fima LN I8N T 2,

1) FEHERREIC IS T 2 R O I I R A ek IS & &2 BT L L, & oD
LUSZ T O 2 PRI L TR 2 Sk~ 2 BEAR £ o0 B
PEDL) EHPERIZIY —EBHICRESND Z L ER LT,

2 ELHITEL L 7 f et AR BE b4 A Fourier 284 L, &l D BRI
DO FERB 2 TGRS Lz, 2L, B9o 2 kKM S X
OEHERIZEVERESND, BT, 2 KENMERAEY 15 2 @ %
HiEz, TOMICEEND 2 WHIWERIZBE T 2 M0 E2 W L,
R AR O PR 2 X 0 f#i 5 7= ur Bl L 7=,
AR WL EEARAT I 2 PRI I B 2 BifE i Fourier 2846 U 7= %
REFELUHRMEZ LKL, 3 mMikr b5 9 mifilkE T,
WEDO TR —8T 252 & 2R LT,

2

~

3

~

IS E DA 2 FUE T AT, IR OIRE By 269 5
HERE 2 A E T HRBICAMREZEHTE2EE A D,

SE X

1) Kenchikubutsu no kozokankei gijutsukijun kaisetsusho henshu iinkai:
Kenchikubutsu no kozokankei gijutsukijun kaisetsusho 2015 nendoban,
Zenkoku kampo hanbai kyodo kumiai, 2015.

HEEW) OREE BIR BT L RS B R R B A ORI LR Bl
YEfERRE 2015 FRJEAR, EERGEILFEIME, 2015

2) J. Lin And S. Mahin: Seismic response of light subsystems on inelasitc
structures, Journal of Structural Engineering, ASCE, Vol. 111, pp.400-417, 1985.

3) I. Politopoulos and C. Feau: Some aspects of floor spectra of 1DOF nonlinear
primary structures, Earthquake Engineering and Structural Dynamics,
pp.975-993, 2007.

4) K. Sato, T. Ishihara, K. Suzuki and M. Nagano: Study on approximate
estimation for non-linear floor response spectra of multi-story buildings for
artificial ground motions, Summaries of Technical Papers of Annual Meeting
Acrchitectural Institute of Japan, B-1, pp.869-870, 2016.8 (in Japanese).

5) K. Kaneko: Direct evaluation method of floor response spectra from specified
ground response spectra based on spectrum difference rule, Journal of Structural
and Construction Engineering (Transactions of AlJ), No0.729, pp.1789-1797,
2016.11 (in Japanese).

6) T. Caughey: Sinusoidal excitation of a system with bilinear hysteresis, Journal
of Applied Mechanics Division, ASME, Vol.27, pp.640-643, 1960.12.

7) P.C.Jennings: Periodic response of a general yielding structure, Journal of the
Engineering Mechanics Division, Proceeding of the ASCE, Vol.90, pp.131-166,
1964.4.

8) J. P. Den Hartog: Forced vibrations with combined Coulomb and viscous
friction, Transaction of the ASME, pp.107-115, 1931.

9) B. Westermo and F. Udwadia: Periodic response of a sliding oscillator system to
harmonic excitation, Earthquake Engineering and Structural Dynamics, Vol. 11,
pp.135-146, 1983.

10) W. D. Iwan: The dynamic response of bilinear hysteretic systems, Thesis
presented to the California Institute of Technology, 1961.

11) Y. Osaki: Shin Jishindo no supekutoru kaiseki nyumon, Kajima shuppankai,
1994.

RIGNEZ: # - HEBY D 227 S VIRAT AR, B8R HiRZ:, 1994

— 1575 —



HIGHER HARMONICS OF FLOOR ACCELERATION IN SDOF SYSTEM
WITH BILINEAR HYSTERESIS UNDER PERIODIC SINUSOIDAL GROUND MOTION

Kensaku KANEKO*

* Assist. Prof,, School of Environment and Society, Dept. of Architecture and Building Engineering, Tokyo Institute of Technology, Dr. Eng.

This research is a preliminary study to evaluate the seismic force of nonstructural components (secondary system) beyond the elastic limit
of steel buildings. The objective of this paper is to propose a convenient evaluation method of higher harmonics in a periodic response of an
SDOF system with bilinear hysteresis subjected to sinusoidal ground motion.

Firstly, numerical examples are demonstrated to show how the higher harmonics in a floor response affects the acceleration response of
the secondary system. Two types of floor acceleration are considered. One is waveform obtained by nonlinear time history analysis and the
other is a sinusoidal waveform having the same amplitude. The result shows that secondary response to these floor acceleration are
significantly different if the frequency ratios of the secondary system to the input motion are close to or coincide with odd numbers.

Secondary, this critical higher harmonics are formulated by specified dynamic characteristics of the building and its peak displacement. In
order to simplify the formulation, floor acceleration waveform in the steady state condition is approximated using piecewise linear waveform
defined by a post-yield stiffness ratio and a ductility factor. A closed form of Fourier coefficients of the higher harmonics is derived with respect
to the approximated waveform. Furthermore, the solution is simplified by neglecting higher terms in the exact solution with respect to the
post-yield stiffness ratio for practical application.

Finally, the proposed solution is compared with the result obtained by discrete Fourier transform in time history analysis. The maximum
ductility factor is assumed to be 100 in a numerical example. The post-yield stiffness ratio is in the range of 0.01 to 0.3, depending on the type of
structures. The ninth higher harmonic is analyzed at most. The results show a good accuracy of the proposed solution in a wide variety of

ductility factors.

(2017 4 3 H 16 HEAGSCHE, 2017 4 7 H 10 HERHPLE)
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