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OPTIMAL DESIGN METHOD OF TUNED MASS DAMPER EFFECTIVE IN REDUCING
OVERALL BENDING VIBRATION IN STEEL BUILDINGS WITH INTER STORY DAMPERS

& 1 fe {E*
Kensaku KANEKO

The seismic effectiveness of dampers connected to a structural frame tends to lose due to overall bending deformation in slender steel
buildings. The objective of this paper is to develop a design procedure of a tuned mass damper (TMD) in highly damped buildings with
a large aspect ratio. Optimal design parameters of the TMD are computed by solving a Lyapunov equation of a 3-DOF system which is
derived from a lumped mass stick model having shear springs and rotational springs. Required TMD mass is proposed based on the

concept that the loss of damping factor is equal to the supplemental damping factor added by the TMD.

Keywords : Tuned mass damper, Aspect ratio, Bending-shear model, Optimum design parameter, Super high-rise building, Effective deformation
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T5H, 220, E[1E2RFEHOMBETTH S, IKREEE Y () D%
iﬁ’ﬁ#éﬁ’ﬁﬁ Bl VO =EYQ)YT Q)] &9 5. NHED S /3 ITRER 23
B L7-%% (t > 0) OEFIKEIZBIT S V iZ, LT Lyapunov 752
KEML Z itk vRkobng ),
AV +VA" +27S,bb" =0 (30)

3.2 EYMoOBZMEEICE C-RERASKY
INETOREHOS &, BYDINEZik/IMET 2 TMD OFEIEI
DNTELET D,

YO 1T — RINE & oM d 2 Soi kMg, Emo Bk
IR UT, kD250 FEELTEZLND,

(29a-c)

(TEHIE AL O T/ M) Minimize E[U, (t)?] (31a)
(BRL D ME) Minimize E[A(t)?] (31b)
subjectto y>0,h, >0 (31c)

ZZig,
E[U, (1)*]1=V,, (32a)
E[AM)2]=V,, - 2V, +V,, (32b)

THY, V, BRE)NBRED V OEIIT jHISTHD, K (3La)
®Lﬁﬁlﬁﬁ1¢®ﬁ/l\{tti, RN D 72 8 D RIS B & [0
bOThD, FERE O R IROMERIMBEE N R L, F

BEHZ XY TMD IZfEfA3
DU IR T 5,

wEsfru,  TMP

Je 28

A%
D)

J 22T
DIEAE

T

(2) ZIE DX

(b) ZETRRSy
M8 THARE(LL L BRIZER
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1
09
08

09
08
0.7 h# =0.15 0.7
06 _ 06
U
0 005 01 015 02 0 005 01 015 02
(a) he=0.05,0.15 (b) h¥=0.1,0.2

9 FEHAEmROZERFAL (TAHEMLORK/ME)
: Lapunov O/ MiE - 11
- R R O fiF (33) Lh
h' =0.05 ‘

11

0.9
0.8

0.9
0.8
0.7 hg? =0.15 0.7
0.6 0.6

het =02
u u

0 0.05 01 0.15 0.2 0 0.05 0.1 0.15 0.2
(a) h%"=0.05,0.15 (b) h*=0.1,0.2
10 ELplEEROKERAL (BREROR/NME)

3.3 mERFFEH O
Tsai etal."™i%, H, / /bR IMEHHECIEE RIS 2 R R i 4
tEoEFNZR LTS, ZHhICfiy, FEE, H, / VakhMe

I & B Rl RS O 2 RO L 9 IcBTn 5 9,
e Awraly-m2 J1-ui2
Yy =YootV Vo= = d =
W+aNa+y L+u

(33a, b)
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7 = (2020 +1.237 +0.007%7 o + (- 8.84722 +19.27 ~12.6 %2 e
(33c)
KBI)D h D 2 ROEE, ZhExlHETHE, 1=02,h,=02¢
L7281 T%DRREM A U B 720, SOk 9) & FEEICE B LTV 5,
9 & X 10 FOMAROFE KL, K@) o B/ b D TH D, 2T,
FELLFNEE R IC% 35 Lapunov HRR O/ ME E B < shis LT 5,
DFEY, FBERICBW TS, Fo [l F 3 d 8 oo % ifii80E
he D HETE 5, ks, ISR LR, R (33b)0EEaio
LEMANTWS, EEETE % iZEn2nss o9, Warburton 0
OCh %, FHWERT Lapunov HEXOMEIZ T 5 DIFEE O
TH Y, Warburton Ofif L 1XENH D (T 4), 7721, u<01T
%, ZOBGEEE 4% TH Y, FEH L, L (GB3)0irPlE oA M
WCHREBAVTHS 5, —F, BEREER N 2oV TH,
WITRT RS, EYOREEROZBIT LA ERD BN,

03 he 0.3 he
a a
: Lapunov J5 f 2o fig
02 -- s 02
01 0.1
u u

0 005 0L 015 02 0 0065 01 015 02
(a) THERZE AL O fR/IME (b) JERIZTE O fe/ME
11 JEEBIHEROREHEEH

4. FIIREMICEML-FRAZEES V33— & SHlIRIERR LR

3.3 Hi Tk L 72 (33) D i[RI A S 1k Tk el S 72454 > TMD
DFEAMA IR EENZ DWW THRFTT 5,

TMD & @7 & iR 2 R R O MR E h™ 1, s 2 &
WINEBES D b D ET D, FND DML, PERIPERREK
hy, JEH A 2= X2 S IR EE g, TMD 12 X 2 #EqT
FIZAMA B E R AP TH Y, WXORINAETHD LT 5,

h*d = h, + 4h% + A (34)
ik L7z by & oBIRIE, h¥ =h, + 403 Tb 5, [LEORFL y 3
F O EH % LT, Gauss B U A k) A &2 HEE A
HLAPREE AR (3 2 A AT I E 5 ahd 1%, kel TR ENn 5 %,

(TEER A ) A :R—‘z— hg? (354)
d
h

BRIZET) m?:RZ—W (35b)

gl

SIS, RGRE, ERERLLF OISR B T b D,

GRS

¢ E[Uf,w/u(t)z] _VVZZ,W/O (363)
(e Ve 2v v,
! V E[A wlo (t)z] VVZZ‘W/U - 2VlZ,w/o +V11,w/0 (36b)
HBO)DIRZ T () o 1 TMD L JE B & 0 R =D WG A 27T,
SCHk 9)TiE, FEMHREY 25 L Liz 5 2T, @O ELh,
D AN IS R IFTRIBIT N S & A LT, s[RI D R R I
L CRBE) TR B L, kD 4ah 255 T2,
1 N ﬁw
41 i +\Ja@2-y)i2y) sy +6u

Ahd = for hy*=0 (37)
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OFMHEMERESME T2 2 Bbhb, LEenn->T, fthifZEro
WENRKREWEARE, B v —IT X 5 8 oS E 5
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2:(390) 1L I 3 R kT 5 (238) D Bl A LL y; OREHRICHTT D
EFARETH Y, BEETITRLEZbDOTH D, BRh® <010
PHCIE, #(39a) & A (39b)iT L 2 AL D 1L, ThiF ERE AR,

&= =1-a-(h{")’ = (TMD %)%) (38)

L AT ang Z-004: 0 g4 AN/
% u=01 : o
08 =0 08} =
06 2, 06 $
0.4 0.4
- K@)y
02 . 02 '
#(39a) hed #(39a) hed

0 005 0L 015 02 0 005 01 015 02
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HIRTE 0 THEELITE 2 & Uiz, EEE, 0 & o OMEIIHTR 1%
PNDEETHD Z L 2B LT VD, ZIT, REAO)DHRHZE
FNDWEEH N O 2 ROBEGRIEE BRI IUE, AP 1T aDEE
hy DAL BET 5 Z LT, ROEKBIZ/HDL Z LN TE D,

hy (40)

A (B — ) (41)
hy (1+0:2)3/2
13 1A @) OBIE 27T, BB @ RbhIE, ¥25—0
DEMHMEEE L AN AR TE 5, £72, {1415, ®7 LA
—OFFERMET, »oh=020F = E L HERET LOKE
CRUE U, B B AT & 0 S ik kb - i BT B
KoL, RENEZRGDICRA LRI X FHEETH 5,
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h, 20
KEAYITES RO L ELFHELTNWD Z b, EEEkt a ©
Kb VIR 2 2 O T b SR S 5 HEE T & B,

T, An% [,
1 L 1
08 08 O ey
06 06 PN
R M

04 = :%ﬁﬁi(ﬁo(io%)s) 04t MR 1-Fa® N T~T

; =01,02,0. e . -12a” Y S~
021 . EBARG(AD) o 2 R / a

0 02 04 06 08 L 0 02 04 06 08
() a2 =D RER DR (b) LM
13 REBH & EMEARERDETEOERK

4h /h, 4hi* Iy
L PR @2) L R ((42))
08 . 08
06 N 06
o A=05:0
04 A % 04 A=1 :A
=05 =02:0 A=2 :O
02 =05 =05: X 5 02 A=4 X 2
0 0
0 05 1 15 2 0 05 1 15 2
(a) EAREINE A (b) Hh AR5 7R
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5.2 RFAEES VIN—OREBHEL
5.2.1 #HER

JE A v =% Bl DS L, RERiTABIC LD F )
— AT DR, @A TMD 2 VW5 EK O L L lcnEE R
TMD OEEIZHOWTE R D,

K@D B, BERINTEZICHE S B 2 o R —DEHEIZE T
£ 0 585 U7 SR IR R A 1, KD X D ickEns,

A «
d,loss _ Ahd — 1_ 1 (43)

Zddoss _q

hy hy (1+a2)3l2

K(43)D A, & (37), (B8N HRE D AS 2% E L THLN
DML RN E g IZHOVTHRES &, BB/ TMD OB R 11, 23
KED, 72720, ZAVUIEENTRYIC AR T 22 72, Newton-Raphson
HER L0 BN BER D D, T OMRENE 15() TH 5,
BE o (BRI L) BRREL< D L, KER TMD ©
R T 1ERIRICKRE < 2%, hy=01Ta=06 (A1=13) DHH
BN D &, VB TMD OB s, 22 12 =0.05 (1 ~ 0.022)
ThdrI ehbhrd, ZOREOEREILTHILUE, BIEEMAEEN
T3 KA MES R H O TMD THICKIRTE 5,
5.2.2 BHZFHELDRE

EWORIRFEEE XD H 2T,

ZOLX D RIERITERTHDL L
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OPTIMAL DESIGN METHOD OF TUNED MASS DAMPER EFFECTIVE IN REDUCING
OVERALL BENDING VIBRATION IN STEEL BUILDINGS WITH INTER STORY DAMPERS

Kensaku KANEKO*

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

It is being revealed that occurrence of the Nankai-Trough earthquake might cause significant damage to low-damped super high rise steel
buildings in some metropolitan areas in Japan. Addition of supplemental damping devices is effective means to mitigate the damage caused by
the great earthquake. However, the seismic effectiveness of dampers connected to a structural frame tends to lose due to overall bending
deformation in a slender steel building. On the other hand, a tuned mass damper (TMD) connected to the frame work well even if the overall
bending deformation is quite large. The combination of the two kinds of dampers therefore is expected to be effective in slender buildings with a
large aspect ratio. However, an optimal design parameter of the TMD mounted on highly damped buildings and its seismic effectiveness are not
clarified. The objective of this paper is to develop a design procedure of the two different damping devices. Both the dampers are limited to a
linear viscous damper in this study.

Firstly, a lumped mass stick model with shear springs and rotational springs is employed to take account of the overall bending
deformation. Two degree of freedom (2-DOF) system is derived from this model with the help of dynamic reduction technique. The 2-DOF
system becomes non-proportional damping system. Subsequently, a linear viscous TMD are connected to the 2-DOF system and a 3-DOF
system 1is obtained for the TMD-building interaction system. Optimal design parameters of the TMD are obtained by solving a Lyapunov
equation of the 3-DOF system. The optimal stiffness of the TMD is summarized in terms of equivalent damping factor due to only dampers
installed into the stories. The computed optimal stiffness is almost consistent with the result of SDOF system with the same equivalent
damping factor. This fact admits to use regression formulae of the optimal stiffness proposed by several researchers. It is also confirmed that the
optimal parameters obtained by the criterion of minimizing top displacement and story drift is almost the same.

Secondary, equivalent damping factor of the TMD-building interaction system are investigated through stochastic dynamic analysis. As a
result, the equivalent damping decreases according to increase of the amount of the dampers within stories. The convenient regression formula
is proposed in terms of the equivalent damping factor of the building. The equivalent damping factor is directly evaluated with a slenderness
ratio of the building and a damping factor by using the formula.

Finally, a design procedure of the TMD is formulated. Required amount of the TMD mass is proposed based on the concept that the loss of
damping factor is equal to the additional equivalent damping factor added by the TMD.

(2016 4F 11 H 24 HEAR=2FE, 2017 48 4 A 12 AERAH0E)
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