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PERFORMANCE-BASED DESIGN OF TUNED MASS DAMPER
MOUNTED ON ROOFTOP OF BUILDINGS CONSIDERING TYPE OF SEISMIC GROUND MOTIONS

& 1 ET
Kensaku KANEKO

This paper proposes a practical evaluation method of vibration control performance of a tuned mass damper (TMD) mounted on

rooftop of buildings without time history analysis. The seismic effectiveness of the TMD is assessed in terms of an equivalent damping

factor of the whole vibration system. The closed form expression of the equivalent damping factor derived from random vibration

theory is modified to take account of intensity envelope function of strong ground motion through a semi-empirical approach. Finally,

a performance curve considering the dynamic TMD-building interaction is proposed.

Keywords : Tuned mass damper, Pulse type ground motion, Long period motion, Duration, Optimum condition, Response spectrum method
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BANRY WL S, OMEEZRLIZLEDTH D, o &2 HANTRERIL,
Hffi 2 HRROEREBLFELTND OO, o IFET/HNED
DENIEER G2 D85 THD, M8 1bIE. 2 DDORDRAIEIG
BiE. BRRIGEOHR LTI b GO TRIMIE L TND ZEMN
82
4.2 BRI/ OLREHERICR T 2 EMREE BORT

2 B S A7 v AMERBEREN (o L, 3(23) 0 T A A
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HiEE4 M, BN T,()*
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51 FRARBMICEDIHEFAE
BEHHOHRIGE AN FAREMTHLHD L LT, JHEAN
7 hVIEIZ LD B TMD Of KIGE % Tll3 2 ka5,
HIFRICE AT Rvid, BECCHUE SN D B0 sk G R A~
7 ML TH, BEEOHBEBIGEART ML ThoTh R, H4EH
F O, RIS L 0 EFEN D TMD ICRE LTz as,
ARETIIEE D TMD ORI ERIZ—MKIL L T L 5,
BWTEE O R RN U 1E, BAOSE AT ML Sy #HWT, L
TOXHICHEETE 5,
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Sy DEEIZH B MR EEL h 12, IR O A AR RO
L, UTFokryicksns 2,
e = gAn +h, ,

Ah® = hyziy? 1 D (28a, b)

X Bb) & v K(280)ITAEE D yh Ik LTI TE 5, 72,
BB PSS T . K(23)D ¢ AR (28) DEEATICFIFTE 5 %
DETDH, BRI y ZEALT, BWIEIE TMD O KHExHENL
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oy R0 Lo ickshs 9,
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yr |— (30)
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Co=1+7'ly -1 +r*(a-2+2y) (31a)

C, =@+ @ + 27w +r’v?) (31b)

C,=r'ala+ym+27ay +rv?), C,=rD (3l d)
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B 11 12iE, A (3) D feil IRl F 4 T E L 7= TMD (22 T, 1995
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BISBEANRT NVORTERL TS, AHAESRIC X 2 (30)
OGIEIL, R O ROMR LIRMEEZ 525 X5 TH 2,
T, <T, DM T, TMD DAL y 1IZKIFANCIT—E & Rt
HHOO, T, >T, T, TIT, DHRISH y BE LB LTL
DD, —IZ, REAWSROBEM DSV AVEHGEE) A 52T 7o
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FROEH R EZ RO L S ICEEHBZ D,
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KE2)DOHFEINDIEIL, i 1 EARICRIT 2R & M5,
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WHEEZOLND, ZORJEIET 572010, WA TERIND
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L i B T B LD C )
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FIEEME G 25 2 ENHERSNTVWATHTH S 2, 151« OfE
LTV L, EEOIRE AT S ORI 2 X (33b)D D,
WCEDEMEISE S, 2OERNL, c>10 Lk x KEBO)D yiE
RIS E N HEON L ENERMIET LT TH S,

REZNEARAT I L 0 R L7 e & REOUCS KD gy P EHR
ok ORGRER 12 1R T, 72720, k202 ([ZBRE L TR R iEH
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BRI LIZHE 3 2z &
UbkozZ &aEz T, FE\%XA‘W FAVERPEIZHE L T TMD 0%

Lt y ZAHET 272012, UT ORI ZEAT S,
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OHEEBEMICWEL -5 L EABHED 2507, T, 1213
27-(max S, /maxS,) TrEAl L 72 WS Z JAV 2, WFZ)t 1%, Fad it
EO~v/=Fa—FM #%ﬁ@m:i@%ﬁféoikw53m®
B2 Tiw ANV A OB OBFHIEN 5, 72720, 32 fiT
WAL ST, BUT AT = ah™ & 725,

KIBLOE 4T, B#OBEARY T, % 0.2~6 B & L7kl

A 2 B AR SR O WL FERRAT /5 ATk 2 Ml LB AR TTMIL
7 1L0>t|:fizﬂ§£$ LTW5, RIZE, FHMEEERFEAE R L T
Do B OISE TR IO TEWZ ENRD, £, TMD Ot
KEFAZDNTH, (£=0.04,h, =h) DHLAITIE, 10%50 OFEFE DN FE
HHENDHDOD, ENLSORZEDFHEITIHA 10%LNTH Y |
B RA DD Thasv, £ K 14@)1%. X(3) iR [F #H L T
TMD OE &% 2L S 5E8 OBEYTEHR O LSS A7 kv
Thd, REAMOEYIZE, BMEGEIC XD HIRERZ B LSV
N, ZORBHTS 2 DOROFKERITERIFIGEL TS, K 14(b)
X, FERZRSIED T, g O¥KIZE 5 TMD OZEBD O+ % 2
AT MABATE LD TH D, RJENH CHM 2 B A5% & Eil
LEMRROMPIIRLS KIS LTV D, FRIC, K11 TRLE X I,
JMA Kobe 73 £ 0 R0R45 & 1/ L A -Gl = J8 W18k ¢ TMD O 2 28
INEL T2 B b OO, 53FOMIESIEIC LY TMD O KER % K
ERSTRITETWD, K151%, —fl& LT, JEIC L DIE K
EDRKENEWEA TOLEMOBLRELZ R LEZLDTH S, »Ib

x2 BIEICAVDMER (NLAMMEEZR)
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No. 4 s | m,| PEACMS) 1
NS EW
1 | Imperial Valley 1940 El Centro | 6.4 | 341.7 210.1 —
2 | Kern Country 1952 Taft 7.7[152.7" 175.972[N21E,?N291E
3 |+ 1968 NG 7.8| 2296 180.2 -
4 | BRI 1978 st R | 74| 258.2  202.6 -
5 | AULHe s ACEPE R 2011) BEYHT A | 9.0| 343 335 | 1BEoGIER

®3 EMBRAEMOBZERTERICHT S FAMENL

TR | ek Hi BB OFER

_ . 7L APERISL (5 2) SOV ARE (£ 1)
u h, /h, T, <T, T, >T, T, <T, T >T,
0.04 1.0 0.99 (0.10)  0.96 (0.07) | 1.00 (0.08)  1.05 (0.11)
' 2.0 0.99 (0.04)  0.97 (0.04) 1.00 (0.03) 1.04 (0.07)
3.0 1.00 (0.02)  0.98 (0.03) 1.00 (0.02) 1.04 (0.06)
o1 1.0 1.04 (0.11)  0.97 (0.10) 1.07 (0.13) 1.05 (0.12)
: 2.0 1.03 (0.06)  0.98(0.05) | 1.05(0.05)  1.03(0.10)
3.0 1.04 (0.03)  1.00 (0.04) 1.05 (0.03) 1.03 (0.07)
02 1.0 111(0.14)  1.00 (0.12) 1.12 (0.10) 1.07 (0.10)
. 2.0 1.10 (0.07) 1.01 (0.06) 1.12 (0.08) 1.02 (0.10)
3.0 1.10 (0.04)  1.03(0.06) | 1.12(0.05)  1.03(0.09)

) RIS O BRI T, I ORI R ER 2 27T,

F4 WD RREMOHZERTHERICHT 2 FREOL

BRI | i Hi = o Fi )

PRI PR — e ) SOUATE (R D
u h, /h, T, <T, T, >T, T, <T, T, >T,
0.04 1.0 1.150.21) 1.14(0.17) 1.14 (0.22) 0.96 (0.14)
: 2.0 1.09 (0.15)  1.09 (0.11) 1.09 (0.15) 0.96 (0.11)
3.0 1.05(0.13)  1.06(0.10) | 1.06(0.11)  0.95 (0.09)
01 1.0 1.00 0.17)  1.08(0.17) 1.01 (0.18) 0.93 (0.15)
' 2.0 0.98 (0.12)  1.05(0.12) 1.00 (0.12) 0.93 (0.13)
3.0 0.96 (0.08) 1.04 (0.10) 0.97 (0.10) 0.91 (0.10)
02 1.0 0.94 (0.15) 1.10(0.20) | 0.96(0.15)  0.89 (0.19)
: 2.0 0.92 (0.10)  1.07 (0.14) 0.93 (0.10) 0.92 (0.12)
3.0 0.93(0.06)  1.06(0.12) 0.92 (0.05) 0.94 (0.05)
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7=01
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-2 -2
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PRI | e — o & ) SOUATE (Z D
u h, /h, T, <T, T, >T, T, <T, T, >T,
0.04 1.0 1.01 (0.07) 1.0l (0.08) | 1.00(0.07)  0.88 (0.13)
: 2.0 1.00 (0.03) 1.00 (0.04) 1.00 (0.04) 0.88 (0.10)
3.0 1.00 (0.02)  0.99(0.03) | 0.99(0.02)  0.89 (0.08)
01 1.0 0.96 (0.08)  1.00 (0.09) | 0.95(0.09)  0.90 (0.13)
: 2.0 0.95(0.04)  0.99 (0.04) | 0.95(0.04)  0.89 (0.09)
3.0 0.95(0.02) 097003 | 0.95(002  0.89 (0.08)
02 1.0 0.88(008) 0.98(0..0) | 0.88(0.09)  0.88 (0.11)
: 2.0 0.89 (0.04)  0.95(0.05) | 0.89(0.05)  0.88(0.07)
3.0 0.90 0.03)  0.93(0.04) | 0.89(0.03)  0.88 (0.06)
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AR ORBICE T OTBARO BN D, R ZEELI-EK 5 1R
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FNCIT R R EEZ B LT 5,

LU 6 BRSO A IR E R 0% E . TMD O K28
TRl ORAK E L TEOMIETENZLTH D Z LIRS NI,

6. RFABES VIN\—DOHBRERICER LB IRERETE
6.1 mE{LMEDERL

B 72 M 2 22303, TMD O I8 i 018 0 S A oo Wy L
H 722 G HIBRIZ 0 L TMD Ol oI E BTN IS B E T E 22
Bt 3%\, TMD Oig RETE 2 Jifil 3 2 7o lc 2 0B 2 s &
HUSMTIEL, BRSIZR D 2 DIZ KBS b, —2ik TMD Otk
m,(yo,)? & % OREH LV bE < RETLHETHY, b —o
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TR SN & DR LIRS S, 8 - EYITE T T
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H DT
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RECERIETE S, 2210, ElRATD 4o0,() IR EE L,
o () R EOBRAE A £+, RE7)PA3) &M LdITiE, &
LRI D B oMk EZ o L v, 7272 L, BRI A
FRHTIZ & 0 F-H L7z Ry(= U, Ju,o) 1ETE BTl e <, felifbat %
THIIARHAETH D, FolfbiiE e LT, XE7o HEEOR
PYIZEN L EM7: TMaximize 4h®™ | Z v, 5 5 HTER[L L
FETINETIUE, 20X ) 2REL R TE 5.
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WE[uf 1=0 (39)
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Vz(lﬂ_ll_f]y*, a=te
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a
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TMD DUEEEH DI & LT AR O S I E 4 & o
LB D20 EBELET D, y=y DL ED AT & h, OFRIRIZK
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BRI E LS b oD, A>1(h, >h) Tik 4h™ OZE IR TH
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Thd, MIT@IWRT X Hic, R@YOELMIT, T ORERE B
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ET D, ZOREDT, y=y IHEELTh, 2L S 55113,
Iy FpicbigE A lRBEI Y (K18@), I T, K(41)
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DB LRAEREZ GRS UTFOEUXEZRET S,
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R LT, B TMD O KIGE X, hy>h, 7oy <y <y  Off
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PERFORMANCE-BASED DESIGN OF TUNED MASS DAMPER
MOUNTED ON ROOFTOP OF BUILDINGS CONSIDERING TYPE OF SEISMIC GROUND MOTIONS

Kensaku KANEKO*

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

This paper proposes a practical evaluation method of vibration control performance of a tuned mass damper (TMD)
mounted on rooftop of buildings without time history analysis. The response quantity of interest has been taken to be the peak
seismic response of the buildings with the TMD. In this study, the seismic effectiveness of the linear TMD is assessed in terms
of an equivalent damping factor of the overall vibration system. The objective of this paper is to formulate the equivalent
damping factor of the building subjected to strong ground motions.

Firstly, the vibration system consisting of both the multi-story building and the TMD on the seismic response is idealized
as an equivalent two degrees of freedom (2-DOF) system. Based on this simplified model, parameters of interest are a mass
ratio and a tuning ratio, which govern the seismic effectiveness. The mass ratio is the ratio of the TMD mass to the effective
mass of the building. Using these parameters, the equivalent damping factor based on random vibration theory is employed in
optimal conditions (perfect-tuning case). The remaining parameters of interest are effective duration and a fundamental
period of ground motions. The equivalent damping factor is empirically modified with the help of a solution of the
time-dependent mean squared response under non-stationary random disturbances.

Secondary, the response to base excitation having a single sinusoidal wave, which is degenerated from historical records
of ground motion pulses, is investigated. It is confirmed that the maximum response obtained by the SDOF system with the
proposed damping factor show good accordance with those calculated by the 2-DOF system in a wide variety of natural periods
through time history analysis. The closed form equation of the equivalent damping factor is also verified under population of
historical earthquakes. Subsequently, the relationship between the maximum displacement of the building and the TMD is
examined. Time history analysis demonstrates that the ratio of the TMD deformation to the building displacement is almost
constant over a wide range of periods. The ratios, however, tend to significantly decrease in long period regions. A closed form
expression of this ratio derived from random vibration theory is empirically modified to take account of this inherent dynamic
characteristic through parametric study.

Finally, the evaluation method of the maximum response is developed to cover non-tuning cases in the light of design
practice. The design damping factor of the TMD is assumed to be larger than its optimal value. The equivalent damping factor
and the deformation ratio are theoretically decomposed into its optimal value and correction factors. Using these results, a
performance curve diagram is presented. This diagram consists of the response reduction factor of the building and the
amplification factor of the TMD in terms of the mass ratio and the damping factor. It is shown that the proposed method to

design parameters of the TMD based on the diagram approach is useful in engineering applications.

(2016 4% 6 1 23 HIEASZHL, 2016 47 9 1 2 HIRAUIE)

— 2067 —



