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Synopsis

For two adjacent buildings connected by a joint damper, an inverse problem is formulated

based on the pole allocation method in control theory. The structural system is simplified as a

two-degree-of-freedom (2-DOF) lumped-mass damped shear model. The unified governing

equation, which expresses the relationship between an assigned control target and the structural

parameters for an earthquake-resistant building, a seismically isolated building, or a passively

controlled building, is extended to structural control by a joint damper. The introduced equation

automatically constrains the variances of the structural parameters under the assigned modal

properties. The integration of the pole allocation method and the fixed-point theory directly

estimates the additional damping effect on the objective buildings from the optimum capacity

of joint damper, which improves the trial-and-error steps at the preliminary design stage.

Numerical examples verify the theoretical integration using a 20-DOF building model in which

two 10-DOF models are connected by a joint damper between the top lumped masses.
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Fig.1 2-DOF model for joint damper
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Fig.3 Equivalent S-DOF model to understand the 3rd
term on the left side of Equation (27)
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4. BYREFAXDZEBRERTONMAE

MR EREROMRAITE > THLNI-BEY
BWOTRA(79) 1%, 2-DOFEFLIZHESNTED,
FERE L TEEYWOIRIREIE— REFZRIZL TV
5. KT, BESMEIER U O & LA
VLA SE A &2 2 A 3 LT, M & R R B R R
THZEEHELTWDTYD, ERH#ExRI5E
MOIRE—FTHD. LnLAaRs, ERENHEZ
e, HREYTIRE— FORSEREZ BN E LT,
2RE— UL EOREELBRE T H2LE HDH. 22T
%, & &Y ZM-DOFE T /LIC LIZBA T, PRI (79)
DOFIFE % BEMEITIZ X 0 =T,

4.1 BERWETIL

IBRZ=EMAL LT, 10EM108 HmESR (10-DOF)
IARFEE ABHER AT T L &L 5. Table 112, D%
BEROEE, KRB0 AMAIE & BERKERT.
EREUE, WEREMERD (A IR R CLRE
— R LTI% a2 52 58S T 5l TH 5.
YT L DOEEIT 5000 X 10%kg (5000ton) TH
%. Table 2\Z[EFIE@I$k & €& — N EI %, Fig.8iZ1
W B3R E TOE— NE &2 RS CRd.

Table 1  Structural parameters for Model A
thlnrgls): ‘ Mass Story Stiffness c](?ztl“lflilzlizrglt
3
No. (10ke) (MN/m) -~ ins/m)
10 600 10 318.7 1.090
9 450 9 367.7 1.257
8 450 8 4413 1.509
7 450 7 514.8 1.760
6 470 6 588.4 2.012
5 470 5 656.5 2.347
4 490 4 784.5 2.682
3 510 3 882.6 3.018
2 560 2 980.7 3.353
1 550 1 1078.7 3.688

Table 2 Natural frequencies and modal damping ratios

of Model A
I\/Il\loode Natural frequency (Hz)  Damping ratio (%)
1 0.931 1.00
2 2.389 2.57
3 3.887 4.18
4 5.344 5.74
5 6.686 7.18
6 7.856 8.44
7 8.966 9.63
8 10.01 10.76
9 11.19 12.02
10 12.45 13.38

Lumped mass No.
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pavy

N\

\

— st
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D = N L By
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Modal amptitude

Fig.8 1stto 3rd mode shapes (Model A)
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Table 3 Total mass ratios and 1st frequency ratios

Fig.9 20-DOF model

for Models B1, B2, B3 and B4

Model Bl B2 B3 B4
Mass ratio u 0.9 1.1 0.9 1.1
Frequency ratioy 1.25 1.25 0.80 0.80

Table 6 Damping distribution for Models B1, B2,

B3 and B4
Story Bl B2 B3 B4
10 1.226 1.498 0.785 0.959
9 1.414 1.728 0.905 1.106
8 1.697 2.074 1.086 1.328
7 1.980 2.420 1.267 1.549
6 2.263 2.766 1.448 1.770
5 2.640 3.226 1.690 2.065
4 3.017 3.687 1.931 2.360
3 3.394 4.148 2.173 2.655
2 3.771 4.609 2.414 2.951
1 4.148 5.070 2.655 3.246

(Unit: MNs/m)

Table 7 Natural frequencies of Models B1, B2, B3

and B4
Mode No. Bl & B2 B3 & B4
1 1.164 0.745
2 2.986 1.911
3 4.859 3.110
4 6.680 4.275
5 8.357 5.348
6 9.820 6.285
7 11.21 7.173
8 12.52 8.011
9 13.99 8.951
10 15.57 9.963
Frequency ratio y 1.25 0.80

Table 4 Lumped-mass distribution for Models B1, B2,
B3 and B4

Lumped mass No. Bl & B3 B2 & B4
10 540 660
9 405 495
8 405 495
7 405 495
6 423 517
5 423 517
4 441 539
3 459 561
2 504 616
1 495 605
Total mass 4500 5500
Mass ratio u 0.9 1.1

Table 5 Stiffness distribution for Models B1, B2,

(Unit for mass: 10°kg)

B3 and B4
Story Bl B2 B3 B4
10 448.2 547.8 183.6 224.4
9 517.1 632.1 211.8 258.9
8 620.6 758.5 254.2 310.7
7 724.0 884.9 296.6 362.5
6 827.4 1011.3 338.9 414.2
5 965.3 1179.9 395.4 483.3
4 1103.2 13484 451.9 552.3
3 1241.2 1517.0 508.4 621.3
2 1379.1 1685.5 564.9 690.4
1 1517.0 1854.1 621.3 759.4

(Unit: MN/m)

(Unit for frequency: Hz)

B+ 2 @BHBLE LT, BHAICKT DG B
L1kE— FORE Kby & % 7= Table 312" T 4%F
FNEBEZD. Fig Il YA L BB % i BH S Tl
f L7220 5208 HHEE R (20-DOF) €7 V%R,

INLDOETNOESFROMMESAMIL, EPA
DRFOEHIRELTH. LizN->T, BEWBOE— R

AT EMAIZ TE4

TS, HEE, EMBTHI

WE— RIZH L T1%DNERR M EZ R ET 5.

Table 47> 5 Table 612, EMBDAET LIZET S

JiB=R
H e,

MM X MR 2774, Table 7121%, 4FF /AT KHS
T 5 EAREE 2.

4.2 BEVOIREDEEICHT S&EF /3

B

L T791F, EEHOIRE— REXIZIZLTND.
22T, RI)ICESNTH RO EGEBERE
HET A, BREme L TEYBOIRANE &%
Hunsg., QO THOLNL2ANERITET— FOHYE
I A9, TORT— RREIZb Iz 2L eE
MOREEICFE LN ERAM BTV S (Clough and
Penzien, 1982) .
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T, MG RE— RORDER, m ITERIOE
i, wy 1B A D IRE — FORIE, nlTERETHS.
B D20-DOFE 7 /L CiE, nlE10iZ72%. Table 8IZ
FREVOIRADE R, 1IREFIRBERS LOF
D R R 2 R,

Table 8 1st effective modal masses, 1st natural
frequencies, and optimal damping
coefficients for joint dampers

Model A Bl B2 B3 B4

Effective
modal mass 3771
Mi (10%kg)
Mass ratio u - 0.9 1.1 0.9 1.1
Optimal
damp. ratio - 395 357 395 3.57
h, opt (%)
Natural freq.
i (Hz) - 1.164 1.164 0.745 0.745
Freq. ratio y - 1.25 0.80
Opt. damp.
coefficient
CJ, opt

(MNs/m)

3394 4148 3394 4148

- 1.961 2.168 1.254 1.387

4.3 IREMEEMNLFHELE-EYOEEZEFM
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Fig.10 Ist to 4th modes for 20-DOF model
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Fig.11 Joint damper contribution to each mode

Table 9 Comparison of damping ratios in the 1st modes

Model Damping | Additional damping ratio
for ratio by in the 1st mode (%) Ave./
Bldg.B E%,g)% Bldg.A | Bldg.B | Average Eq.(79)
Bl 4.22 8.14 8.01 8.07 1.91
B2 4.32 9.42 6.72 8.07 1.87
B3 3.46 5.48 7.52 6.50 1.88
B4 3.38 6.19 6.67 6.43 1.90
Average of Ave./Eq.(79) 1.89

Al £ Bl Oo&#H1E, 1 KE— KT 54.6%, 2 KE—
RNC22.4%, 3IRE— KT 114%IZ78>TW5. &KX
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