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Improvement of Damping Performance of
Three Structures by Interconnecting Method

Tadayoshi AIDA(Civil Engineering) *
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The procedure of improving the structural damping performance was proposed by
interconnecting three structures with two connecting members consisting of a spring and a
damper. The modal equations of the first mode of the interconnected structure were shown
using equations for the motion of a three-degrees-of-freedom (3DOF) system with three
masses and five springs. And the tuning method of a connecting element in the above 3DOF
system to maximize the damping performance of the system was proposed. The
approximate tuning method of the connecting member for maximizing the damping
performance of the structures was proposed, using the tuning method of the connecting
element in the 3DOF system. In numerical investigations for three towers, the usefulness
of the approximate tuning method and the effectiveness of the interconnecting member

were shown.
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FhENRANTRIND,

FN,X,|nAXln +FN,XZ|nAX2n +FN,Yl|nAYln

n

+FN,YZ|n Aar,, +FN,a|n ba, +FN,b|nAbn =-Fy
N=12,---6

(145) 53

(3.23)
ZZ T,
FN n :FN(Xln’XZn’Yln’YZn’an’bn)
oF oF
NX = aXN :#(Xln’XZn’Yln’YZn’an’bn)
1, 1
OF OF
N, X, n:aXN :aXN (Xln’XZn’Yln’YZn’an’bn)
20, 2
OF OF
NY L, = aYN = aYN (Xln’X2n>Yln’Y2n9an!bn)
1, 1
oF OF
N,an:aYN :aYN (Xln’XZn’Yln’YZn’an’bn)
2, 2
OF OF
FN,an: a: :a_civ(XlrﬂXZn’Yln’YZn’an’bn)
oF oF
N.b|, :a_liv :a_l;V(Xln’XZn’Yln’YZn’an’bn)
N=12,---6
(3.24)

X(3.23)» AX,,,AX,,,AY,, ,AY, ,Da,, Db, (2P
92 6 TLEN FRERXEMS Z L2k Fn kil
PHEIZBE T A HIEED RS S, 5 n+l ITEfE
BRI LvRkDEND,

X1n+1 :Xln +AXln’ X2n+1 :XZn +AX2n’
Yln+1 =Yln +AYln’ Y2n+1 :Y2n +AY2n’ (325>
an+1 :an +Aan’ bn+1 :bn +Abn

FIERIZ L C0 X s Xopats Yipsts Yaputs @pans By 1S
KT DMIEREZRD, H n+l ITEMEZ KD 5,
T, #0iKLICK Y MEE

AX, DX, DY, DAY,  Da,, Db, % FTEOREEN
WCADETHVIRLEREZITY, &f&fE L LTH
bz X, X,,Y,Y, £, X@B.21), B.12)k &
V(3.13) & FV T, 3 H HEROEAE TR O FFE
i ca. cay ke BI O kalZkATHEZBND,

Cy_

2hVE 2a5+ X,, Uec, =X M,,
2
c
2hVvE 2a7F 4 X,, Oc, =X,M;,
M,
v:i k, M
fi= = kX TR G Ok =gk,
1 2

kl
o Vi_ k4 Ml_ —
f4_ V_lf ﬁx 71‘ Yz, Dk4—,L12le2,

w

(3.26)
EBIC, ROEAMESK w B LT — FEERL
EMERDE a BLOEH DL L kA TH 2
5D,

I RS2 TR T e



54 (146)

w=+a® +b*, 5:J7;L7 (3.27)
a” +b

3.3 EAEEHM OB

ATV TR a7z 3 B & R O
FOIX R L OEEREREE VT, EMiEY
O HFEEA OIX R & WA O F ik %
AR,

3 HHERIZERIT 2 A5 B3R O R ke, ka,
2B L Wes & %fﬁk%ﬁ)hf**fﬁﬁﬁ)ﬁ@ﬁ Ki,
Ko, C:irBEOColdkOBREH T 5,

k, =a\K,, k, =a,K,, ¢, =a,C, ¢, =a,C,
(3.28)
LG B IR DRFEAE ko, ka, c2 36 KT ca 127(3.26)
THZLID Z Lnb | FEREEY O OFE
PEE K Ko, Ci B L O Ce ik AT H 2 615,

Kl - IUIC]?YI , K2 = IUZ;CIYZ ,
! g (3.29)
_MZXI _ M3X2
al ' ? aZ

HHEIZHEE SN DK% OBEMO 1 IRE— RO
R PERE 2 % L < e KIZ T 5 EEA o i3 F A
ZLANTITRT,

1) EfE S D EEY OB, #E1E O KM E
B b NCERSGUERHAL N X HEY
F) w72 (M,M,,M;) EHlltk= KV v
7 x (K, K,,K;) #ZHET 5,

2) AIBECTHEINT-EE~ MY v 7 2 Lk
~ bV w7 AEROCTEMEED O 1 KRS
OEAMESE (v, w,,w,), BEX7 k
v ((Plla(l)zla(l)n) — AL E & (MII’MZI
M) ZRET D,

3) &M 1 owfES h, &Y 2 oWl &
BLOMEEY 3 DGRk ZXET H, 4L
O O L RO Fi R AR s BEEE A 1 B &
2 DFF MR, m,n) BRI, my,n,)

ZHEHT D,
4) HEEW1O1RE— RFTOEEAMIBITS
jTLL Ulhl > Vlhl > Wlhl i%

HiEW 2 O 1 IRE— R TOHIR & j OB
Usits Vair s Waiy j;SJ:(){UZjl’VZjI’WZjI TE—FK
~7 ]\/I/(pmﬁ”;) MEM3 D1 RE—RT
DTN IT D k ZENL Uy Vg Wiy 13E
RRT ML, HIRE D,

5) HREH O 7 AT & AL A VT, #(3.4)
noa,a,, B, BEHET D, &5HIZH(3.6)
X0 3 BHEROM, ,M,, M,k , ki, ks, &
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A7V X /Y SN

HWET D,

6) —hbofEaE VT, X(3.12)F L 143,13)

DA FHE LTz R R(3.20) D25 &

HET D,

7 2h1V1(_X1)=2h2V5(:X2)7fzz(zYl)af42(:Y2)a
a,b ZREE L LGN R A(3.200/F X |
(3.26) & (3.29) X v @A OFEMEAE & |
AERFOBEA HIEE & T — FEE=ELENX
B2 oRkdHND,

3.4 FABIEOBEARRM

3 HHEZRICBIT D =H50F— FEELNE
U< R & 72 5 RFO MRS B O i LRk &
BERE, T hRbbiEfES D Z>0#Ew o 1
WE—RDOE— FNEELENELIHZKKE 2D HE
Fﬁﬁ@m X Rk & BEAREUIBER D X 9

EEFEICIERB22) R TRk b
éobﬂ L. =o0Em oSS E(—RibE
. BEAMEDHHIC L - X, EEIERREH
HUVTRERIICADELY & 2561 H 5, 1Th
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WLV XA X O EARICADEE HT-
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Fig. 3.6 Feasible regions of intercon-
necting method
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Table 4.1 Geometrical constants and dynamic

characteristics
HoT N Tower 1 2 3
P & (m) 30 30 30
H ORI (Nm?) X 108 | 2.485 | 0.2237 | 0. 8946
A7 S & (Kg/m) | 1.553 | 1.553 | 1.553
— LB & (Kg) 46.58 | 46.58 | 46.58
B G IRENEL (rad/sec) | 4.947 | 1.492 | 2.983

ORI S 8 0 % DALEIZEY 1572,

Tower 2 Tower 3

Tower 1

Fig. 4.1 Interconnected towers
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Fio. ZoDF— REEENELIKKERDT
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FLomY ThHhoT,

& =0.244, @, =3.620rad /sec
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T— NI O 2~ 7,

r—2x1
K, :change K,,, =66.85(N/m)
Ciop =5395(N 3/ m), C,,, =4T73(N S/ m)
=22
K, =62.66(N/m), K, :change
Cip =5395(N3/m), C,,, =4773(NS/m)
=2 3
K, =62.66(N/m), K,,, =66.85(N/m)
C, :change Cy,p =4TT3(N 3/ m)
— R 4t
K, =62.66(N/m), K,,, =66.85(N/m)
Cipp =53.95(N$/m), C, =change
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Fig. 4.2 Behavior of natural circular frequen-
cies and modal damping ratios with variation
in spring constant Ki of connecting member
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Ki1=Kiopt C1=Ciopt C2=Coopt
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Fig. 4.3 Behavior of natural circular frequen-
cies and modal damping ratios with variation
in spring constant Kz of connecting member
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Fig. 4.4 Behavior of natural circular frequen-
cies and modal damping ratios with variation
in damping coefficient Ci1 of connecting
member
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Fig. 4.5 Behavior of natural circular frequen-
cies and modal damping ratios with variation
in damping coefficient Ci1 of connecting
member
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