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Optimal control and comparative study of the seismic response of
adjacent structures based on inerter dampers
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Abstract : The implementation of dissipative dampers between adjacent buildings can effectively mitigate structural
vibration responses, with inerter dampers offering distinct advantages for controlling coupled structures. However,
the performance of different types of inerter dampers in adjacent buildings requires further investigation. This study
aims to determine the optimal parameters of various control devices for multi-story adjacent structures. A global
optimization solver is employed, with displacement and acceleration of the flexible structure as the primary control
objectives, while constraining the response of the rigid structure. Three damper types, namely, viscoelastic dampers
(VED), tuned inerter dampers ( TID), and tuned viscous mass dampers (TVMD) , are individually applied to
adjacent structures to evaluate the influence of structural period ratio and damper placement on seismic response.
The control efficacy of VED, TID, and TVMD is systematically compared, and a novel hybrid control scheme
combining TID and TVMD is proposed. Time-history analysis confirms the effectiveness of the optimized design.
Numerical results indicate that inerter dampers (TID and TVMD) significantly reduce the seismic response of
adjacent structures while requiring considerably smaller damping parameters than VED. Although the hybrid TID-

TVMD system demands higher parametric requirements than single-damper configurations, it achieves superior
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balance in controlling both displacement and acceleration of the flexible structure.

Key words: adjacent structure; inerter damper; vibration control ; parameter optimization
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Fig.1 Ball-screw inerter

kd
Cy
B2 Fljedr ) BLIC 8
220 S N 2L - LA
L I , e HFE AT
— \:"Mﬁ'“ \ WL
E YR RN NS
(a) VED (bh) TID (e¢) TVMD

2 3 ThEEJERRHY ) FARBIAN A [ i £k
Fig.2 Mechanical models and hysteresis curves of three types of dampers
1.2 #BAEBEBEEZINTE
FE AR 22 )2 S50 T A S B v BT i )2 BT UIRCAY | 25 J& VED (TID 1 TVMD X 3 FRHJE i , H 2 B8 L
3, 3 FhBEJE & T 3RoR RE R SAOT (B R E o) (SR EOT (WU k) P2 BRTT (LB R KL m,, ) HANTR]
45,3 FhELE AR RYRELE 1= (3) B .
ko(ug—uy) +e (ig—i ) (VED)
Fy=qc,(ig=ty) +hy(uy—u, ) = m;,(iig=iiy) (TID) (3)
my, (i =iy ) +e (g=ty )= ky(up—uy) (TVMD)
Ho R TR A R R IiE s R (4) BR
Mii+Ci+Ku=L,F ,—Ml i, (4)
Hrh. M= {ML 0 } ., C= {CL 0 } . K= {KL 0 } su=[u, uy]'. M, FIM, .C, FC, K, FK, 735 H7E
0o M, 0o C; 0 K,
AT PREEAE ) T i RELRE | (A B R EOHE FEFTR FERE R, AR LA R 235 8 2 MRS D258 o wy g 3900 SR
SERFART T SIS 5 i, S HLTRTIEREE ; O RS . SRAEZEA R A i BEEBON 1, WITEZS A Y A 280N -,
PSS A B SEC no WAL, L N(S) Bz

1, Isr
L,=diag(l,) ;/,=40, r<i <l (5)
-1, I<i<n
S SURHSBEAAE) RPIR 2 7] 1y
z,=[u @]’ (6)
B 15 ) E B O AR RR SR 2% B SLRS TR I
yo=lu a al (7)

giaa(6) M= (7) ATFRIR S 2 W 7 12
z.a :Aaza +Bal ug+Ba2Fd

(8)
y.=C.z,+D, i, *D ,F,



5 3 1 T I, A5 R T IBE A BELIE 45 R &I 45 4 b 7 ey 1oz A 0 AL #2508 EAIFSE 215

I 0 0

JCEPA—O ! B—OB—O c =| O 1 D =|0
T\ HPz S MK _M_]C; al — _Ig; a2 _M-lLd; a sy Va — H

g

-M'K -M'C -1
0
D,=| O |, I WG, I s R E s,
-M'L,
SR P25 ) B 3477060 ST 5 S R AR 2, 0y B3R

I =Elz, z,] (9)
TSR T AR 1 M8 5 8Dl W50 2R 4 Wi 1 AN 32 B[] ), 3 7 W 197 19375 22 19 Lyapunov ( 22538
) IR

AT +I" Al+B 2w S,B! =0 (10)
Y LA 380 235 K iy s i 2 ) 359 7 R R Ry
o=./C.I C, (11)

u (x,1)
—

3
7 k.

B3 \iIHERHREZNETSEEHNEHEE

Fig.3 Simplified model of adjacent multi-story structures connected by dampers
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Fig.4 Optimization results based on different period ratios with J, optimization strategy
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Table 1 Optimization results for full-story arrangement scheme of adjacent structures

Pefsms (VA FHLJE 7% Min Ay Kq FEHl L REAR %/ %
Jy 543212 VED — 1.6 0.001 0.628 —
TID 2.2 2.4 0.003 0.551 12.33
TVMD 1.2 0.8 1.000 0.542 13.73
J. /543212 VED — 0.6 0.001 0.816 —
TID 0.6 0.3 0.017 0.749 8.24
TVMD 0.4 0.2 0.022 0.783 4.04
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Table 2 Optimal arrangement schemes for controlling displacement of top story of flexible structure

Fe W FHJE &5 HEF VAR Min & Kq Ry 10 R, 1o
Ja VED 1 $Hs5)2 — 3.9 0.001 0.606 0.888
2 FH52F — 3.2 0.001 0.612 0.880

3 F54)2 — 2.2 0.001 0.615 0.877

4 H53F — 2.7 0.001 0.616 0.876

TID 1 H5)FE 6.1 5.8 0.001 0.537 0.868

2 FS52)2 4.9 4.9 0.002 0.541 0.852

3 542 34 3.4 0.001 0.543 0.853

4 $53)F 4.0 4.1 0.003 0.544 0.845

TVMD 1 $Hs5)2 2.6 2.1 1.000 0.536 0.935

2 FH52F 2.3 1.7 1.000 0.537 0.909

3 H53F 1.9 1.4 1.000 0.538 0.879

4 F54)2 1.6 1.3 1.000 0.537 0.913

Ja VED 1 3 — 3.2 0.001 0.720 0.808
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TID 1 FEIFE 2.9 2.1 0.089 0.657 0.736
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4 42 1.8 1.0 0.052 0.652 0.749

TVMD 1 4R 1.4 0.7 0.083 0.663 0.779

2 HF54)2 0.6 0.3 0.034 0.655 0.779

3 FS5E 1.1 0.6 0.058 0.642 0.780

4 5432 0.5 0.2 0.025 0.653 0.782
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Table 3 Optimization results for hybrid control scheme and single type damper scheme
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Fig.6 Seismic response of the top story of flexible structure
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Fig.7 Comparison of the mean and optimized seismic responses of the top story of flexible structure
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