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Kaoru YAMAMOTO, Kohei FUJITA and Izuru TAKEWAKI

This paper aims to obtain an optimal viscous damper placement for building structures using A~ optimization. The A~ norm of

the transfer function matrix is adopted as the objective function. Since it represents the magnitude of vibration transfer, one can

attenuate the gain of the frequency response by minimizing this norm. The sequential quadratic programming (SQP) method is
employed for optimization. The proposed method is also applicable to a various structural models as well, e.g., a bending-shear

building model and a framed structure model. Numerical examples are presented to demonstrate the effectiveness of the proposed

design method.
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—ERMBETL2IENHATHL L VAL, miBy v A—FHE 3 11,
RO IEEIGZE2 IH Lo, 5 18555 9 ot
HEIRERZGMMZTHS, R, Faly >y AA—ELE 3 13 1E
FEEREHEAEDPTBLILICANBONTHAZLICERTS L
#2605, Problem 3ICHE W TEATYI L ZERCHETL L
PTE, HElIOBHEERZT I ENTELLWVAD,

story number
—=NWEUNIMNOOO

story number

—RWRUIO 00O

0 020 0.40 060 080 1.0 12 14
damping coefficient [Nsim] ~ x107

(b) FLE Y > 3—RECE 2

0 020 040 060 0.80 10 12 14
damping coefficient [Nsim] ~ x10

(a) mIEY ¥/ —FEE 1

—“NWAMO-N®ROO

story number

0 020 040 060 08010 1.2 14
damping coefficient [Nsim] 107

() Fo#Es v s—hdiE 3
9 Foll ¥ v S—ACE (Probleml-3)
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£ 7~]|—x—ng[ima]__ # £ 7| wopimalz+- -
3 66— **'f*‘ === S 6 ><opimal3T— M
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54 -« g4 piia
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maximum response acceleration [m/s 7

(b) Hachinohe NS 1968

maximum response acceleration Im/s?

(a) El1 Centro NS 1940
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. 8H-eoptimall = 8 # jf ( l
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maximum response acceleration [m/s?]
(d) #Fri—2fiNLEveET
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70T L O Rl SRR (209 2 fr A O AR G

maximum response acceleration [m/s ]
(c) JMA Kobe NS 1995
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52 HFEAMBEERYETIL

#F1, 2EENELSNERSIRT L5 % 10 BilliFe A8
REMETLEEZS Y, T ABEEYE FLOEMRY L
u()={w, - w, 6 - 6,) 1, HIBHELIICNT 2 & OHENK
FEN w, (i=1---.10) ROBREOKENER g (i=1---.10) 2y & ¥
520 KILAZ PTHD, Fio, HETH, WRET RO RER
W7 bLERO LI cEIND W,

M =diag(m---m, J,---J,) ,

[k +h, —k, 0 kyh, 0
o —an
ku + k“, "km ”fmhm
K= 0 _km km 0 _klﬂhlll 0
khy,  —khy, 0 s, +s5,+kh —s, 0
—5, e 4,
byl —khy 8 50 Hholty =S,
| 0 0 0 —$0 S

r={L:,1,0,-,0} (30a-c)

ST, omy, ks RO (i=1-,10) 1, ZRENE MBI
B o EE, DR, €A WEE, FEEROEE TS S,
WEATH C 12, BERMETIIC L ¥y =2 X 2 N ET

C,DfITHD, RATEINS,

C=C+C,
(e +e, - 0 |eh 0]
-, —-ch,
&te, Gy " Gt
C =£K C = 0 —Cio Cio 0 _cmhm 0
g £ ol —thy 0 |ah
thm _thm CIIJhI?J
I 0|0 0|
(31a-c)

IIT (B g 3 EHOBERTEE LT 1 RBEEHRRC 1R
EAH MR TH Y, o (i=1--10) ZF i W55 =gk
LA MEERETH S,

e ABELE TV Ic BT, ERZEM I AR & T EE
K& 2RPEMDODRITH D, FINF v =38 AMEFDRIHR
THHOT, MIFEEIEEY v A~ ERCRIETHERZHS >
W 270, BT TEEAMERGERNED H™ /v L FMERE
O g ZE M ADENE D 7 7 v ageMEREZ%E 2 3

5.2.1 HAMERGER#O 1~ /L ARIME

o 10 EiiFE AWREYEFVICB LT, g os—ki
DFFIDOT T, € AMERZEBEO - 7 LA E2mMET 55
NR—EZ2RETS. 22T, SANEREEZ, R385
S(i=1- N)ZEEL, KEDOEEEIC X 2R PEMLR T EEE L
Eko BN ZEM2FET, 2o, @RcswT, B2
oy OHHATEI ], RATERINS 10 RIERZ FART 10
X40 fTHlTH 5.



1 i o e 00 0 o o 0
o L0 —h

H=| 0 I 0
: 0 : 0
0 0 -1 10 0 —h,

(32a,b)
22T, 8(0)={6--8,) BEAWEHBRZ A THS.

& v S —ia R o ER{E%E W =6.64x10"[Ns/m| & L, #EOF
M& o —WE RO ERMEs W 235, Ny =G
B2 b Lo HE%E ¢=664x10" [Ns/im]. ¢ =0.00[Ns/m]
(i=2,-.10) E1BOHCERERE) EREL, BR2XKFHE
BEHeTU) A0 H- v s/ EZAR G, B 1L k20 L &
DEE Y 7 A - ERE T

S NOWRUIMNRWOO

story number

0 020 040 060 080 1.0
damping coefficient [Ns/m] ~ x10”

B il & 8 —RCE (2 AT EE B O B 7 L AiAME)

5.2.2 BEZEMGEEZEEEO 1 /ILLRIME

5.2.1 fii £ AL 10 J@hF e ABBREYE T LICEVT, sy
SA—fEOHKO e, BRZEMGEREO v 2L L ERMET
BYA—BEPET S, ZICEEAEMEIE, "3ItET3
d(i=1--.N) ZREWHL, KD & 5 KPZEMEST % &
s z2ERT, cokE, ®RcBIaHA<Z R vy UH
TATAIH IE, RAD 10 RITER7 PR 10240 FFH E %2 5,

y(r)=d(r)
L 0 vis. e 0 0 v oer e 0
-1 :
H=| 0 ol 0
5 '.. 0 A
0 G =T 1. 08 = o o 0

(33a, b)
22T, d(t)={d-d,}) BZEEERLSZ FALTHS,

5.2.1 i L FkkIC, My —fEo BIRES W =6.64x107
[Ns/m] & L, B oAMS A —MEFHD LRl 27 £33,
& N =R 7 L DHMAE ¢ =6.64x10" [Ns/m].
¢, =0.00[Ns/m] (i=2.--,10) (5 1 EoACLREZEE) LFEL,
BRI 2 JETHNE 2 O Tl A BT O HTE O [lE 12 & 2 AT
EfL R & S UEBHENEMIC T 5 (12) R0 7 7 oM
BEfR, 12320 Eom#Ey y A —FERFELTT. 5.2.1fi
D AMERZ MR L T 286 CHT, EFLD LRI
L DYy A—DREIN TSI Edbdr s, i, TELY
L fE I 5 v = 2 ELE L 2 A ekl T AR £ & b @i o
Ml THs Z LEBHRL TV,

-

“NWAOONROO

story number

0 020 040 060 080 10
damping coefficient [Nsim] ~ x10’

E12 FoEy o —EE (EREMEERED B /L Lb)

6. &

AT, ¥y —REBEE2HIEMEL L, BERETNO H- /7
A RIS L T AROE Y v AR EE e 0BT LIS
WLUTESME LA, B /LA SRR & 2 EEEET
DEAFRMEO EIRMERFT. H” 2 L afiMEEENEE, Aho
SRS AIC D 2 BECRICEMTH Y, ARz kiR
RENLFEE, BrhyAf 7OoMBEH N L TETHS, B6
N ELRRBLUTOMED TH 5,

() H” 7 VAEFMEELE L -EPoRERMEZ, chET
FHRSEREZAOERES BN TH o, —RICREY
28— EBEE T EAT A ER GRS A SR (BMID) &4
B, MBI EREETHL, EYTANLTELREDEET
TN AL AT 56, GBE RECRESELTIER
Fr@rimonyd, RUGIEMREZETS LW REH 5,
7, WENSREZanr—2 3y AT AICBEBETHRIZTAAR
ZRBWETAFRER (LMD 4D, BRICB ZENTE
A0% FHEiCEAMANMOND, KWL TEMELEE L TEX
2HGEIEEE AT S 2 LT, NEEFLPH) oY RE
TEIELRL, H™ /L AEFMEEELE Ly v —oguEid
EREEZ BB TH L AERREL .

(2) AFduE, EHRITH, WETHRCHETT 280 ICEET 2
ZEITkD, HRAeLBYWETLERI LD TES, 51T,
HARZ P RUCH T ZEEEE TS Z LIk, i
MR % &, B4 RIRE oot 3 2 moliftiE % RN 9 2 L 25]#E
TH5, FEEOFTETIE, TF0 I & ICE DM & o BRI
KEFHT 2LEBH DI LT, RBREFETIEZ DM
Sk {, B THAEIEE WS,

(3) ¥ AWTEYE 7L D &G B OHE AL, i A W
B E 7O A WEE R OTERZE A W S L3 2 HE G & 3
W, FOEEE LA O A £ oblgse, e o R iR I 5
L R EB GG E T R KA IR IR & 2w L, fRETFik
DEMERT L, £, SAMEERYE FILORERENZ
FLETIHAI2OT, FREFRICE2BE T 0 — )L RH
MREZBZERFIFEL ., Zhid, KECEIEROAET
FRTZLEPHETH>-HWTH B,

(4) f R B H 2 L AR MU I B VLT, 308
y—vofEEZIRERL, anr—variAFARRESNEG
WARETEORIRER L EREER T L7,

(5) RRBFHEE S v -0V oRtEDOEELEE L 54
CLEGICHMAWETSH D 2 2R L, LR o RIPE  RE
EIZUETHEEHS ML,
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Appendix : ERIZAIRIERH O BAIREE R/IVE T 2 BOEH R
KDL HMNEEELS,
Minimize _/‘(c}:maleDi {m)|
R

subject to w(c)<W

0<¢ <g  (i=1--+,N)
22T, Hp, (w) B MOMNEN OREMEE &7, SHB#EE LT
(P BRI 23 K & 7 2 MO AR S B T i, R T B Bl 3
WRERBMPANEDE L bH 5, 20BN, FHIIIED 3 v —
LEARNTH T 2 IR IED RS AMIRE & 2 D, SollEARfr s 2 )i T
SN BHG IR E 2 W,

(20104F 4 A30A RFFSCEL, 20104F 9 A 3 HERMRE)
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