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Fig. 10 Acceleration response spectra of LA_10_in_50
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Tab.1 Optimal design parameters
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— &tk 0.05 0.1860 2.2407 0.2319
0.10 0.2041 1.3543 0.1778
0.02 0.2265 0.5190 0.0492

[ RS 0.05 0.2126 0.5308 0.0497
0.10 0.1890 0.5461 0.0502

N 2 ] 0, AT R A A R B BIS _VTMDI
A 22 Bt 5 RO B B N, L S 4 R O )R [ AR
TE 114 F5e AR RN 7 (AN DR /), L /0N e HE AN K 5 L
B 7% )22 S 381 7K P AR T 1 i A AN 35 T DU AS DG
I, B WX T BIS_VTMDI A £ al LA FH %5 /N i)
R, NR2W LI — BRI SE TR
BALAL Y BIS _VTMDI & 2 FURH X R Y BIS_VD £
I M5 e N AH B A, R T — 2B iR Ak B AR
BIS_VTMDI{K Z FAH X 7 BIS VD 1A & 1) 1 5%
M) 7 B J /0 o DR At A 5 e 7 65 % /N B
ok, — SRR M RUR B TP ki X —
W5 2.2 LAk SR g TS B 4598 — 3. b T i —
o L BRI AL T vk B AR I ROR  E CELT A
2 (14) FNCL5) 14 4 58 w17 79832, i T 2o
B AEBIS_VTMDI & () i 5= i L

WERI=1—
i BIS VK 2 H H 72 1 1

(19)
FAEBIS VTMDIK & ) b 5% 1 17
FEXT R BIS VDA 2 (1 4 72 ) i
(20)
BT 78 2 (10 b 7 ) 0 45 L A B BIS 1R &R 1
i 17 25 S, A] AT A (6] b R S A AT 8 R O A
T3 . RS 294 I LB S E0T , Max Al

PRFER2=1—

RMS 43531 3% 735 M [0 45t 1) e K {E T34 7 A 5 XS AT XT
G3 b ER A R 14 )2 ] AR T R0 R R )2 i oK P AR
JE o LA Max_R1 XS J # , Z % 5 & w fic i
BIS_VTMDIA Z iy b5 45 44 F 34 i K2 8] 28 A
XF T BIS 1A 5 1Y 1 30 25 0 S 1 85 K2 (] 22 T 14 47 ik
F, WNERIATLLFEL, BARE T WAL ki feny
BIS_VTMDI & Z # %t T BIS {4 & $b 752 0 o7 59 47
ROR A T — 2P U0 Ak i 1 0 BRARL, (ELJ2 5 40 %
N BIS VD Ik & W8, W20 I 4k ik Atk
BIS _VTMDI A 2 b 5% i Ji (1) $7 vl 508 W b 4 T i
Tk s O . R 5SSk H — Btk iR Ak
1) BIS _VTMDI & & , b 52 ) i #8730 18 B0 F 2
KA G R BIS VD R F& (4 & v i kL %0 i
D)o W, X T BIS_ VTMDI & & 84k %31, 15
AL 5 — 2 AR A LT A AL

DL 1 BT 4 LU 7 =0.02 Ry 1] , 38 33 B 72 43 B 7T
PLAS 2 5 R A 4k SR B BIS .V TMDIAK & 8 5
-3 B KAz AT R pgs T332 szﬁﬁi’ﬁﬂE
Miasxr 73 B M £ 263.325 F1 57.608 mm (B A4 15 )
131.685 fi1 27.196 mm (— {4k k) . M X+ T BIS
R IRERTY&RKKELZIEE o=
224.651 mm F P ¥ oK F BB ¥ 05 H pewsa=
44.508 mm, £ T — ik A A0 i 1 98 3 i 5 is 31
Yy d5c Kz s A7 #2 M1 1 32 s A7 /8 X9 07 18 23 00 9/
41.3% F138.9% 5 1M K& T W 25 AL A6 v 1 43 T &2 i
BV X de Koz s AT R V- 20 3 A7 1R 24 05 18 53 1 1
KI17.2% F29.4% . AR SCHRL4 ] BIF 58 LR - BL Atk
B 72 235 16 BEE I e A TMID J5 HLJ8 88 ot f iz 17 72 0
FAB AN T3 (B AR 5 5 5 Atk Bl 7 45 4 1 I 7 2 11
K-8 T f KAB R O B8 2 /0 T8OR 1A%, A o
T A A4k 2 A4 i BIS_ TMDI A & K 4 5 5%

R R E s s TR .

x2 ET—SRUEERTSRUENEUNERRE
Tab.2 Responses of BIS_VTMDI and BIS_VD based on two-step optimization strategy and one-step optimization strategy

St = i r=0.02 r=0.05 7 =0.10
—Siifeis mBitkEE ks WL 2k PRk
Prtaxs/ MM 7.705 8.344 8.025 8.176 8.082 7.932
BIS VIMDI Prtaext/ MM 125.968 165.747 127.141 167.557 137.907 171.245
Iiogs xs/ MM 1.377 1.681 1.401 1.660 1.436 1.627
Pions/ M 26.095 36.639 26.582 37.314 29.200 38.540
Praxs/ MM 7.378 8.489 7.388 8.495 7.506 8.485
BIS VD st/ MM 129.238 194.349 132.474 194.105 145.781 193.860
’ Pruis.xs/ MM 1.375 1.882 1.388 1.879 1.457 1.875
s/ TN 26.528 44.508 27.311 44 423 30.608 44.339
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Tab.3 Comparison of response reduction between

one-step and two-step optimization strategies

§ NP rr= rr= =

Tk A SH 01.02 01.05 01.10
Max_R1_XS 11.5% 13.2% 15.8%
Max R1_XI  26.2% 25.4% 23.8%
Max_R2_XS 1.9%  38%  6.5%
S Max_R2_XI  14.7% 13.7% 11.7%
RMS_R1_XS 26.6% 27.5% 29.0%
RMS_R1_XI  34.2% 33.0% 30.8%
RMS_R2_XS 10.7% 11.6% 13.3%
RMS_R2 X1 17.7% 16.0% 13.1%
Max_R1_XS 18.2% 148% 14.2%
Max R1_XI  43.9% 43.4% 38.6%
Max_R2 XS —4.4% —86% —7.7%
et Max_R2_XI 2.5%  4.0% 5.4%
RMS_R1_XS 39.9% 38.9% 37.3%
RMS_R1_XI  53.1% 52.3% 47.6%
RMS_R2.XS —0.2% —0.9% 1.5%
RMS_R2 _XI 1.6% 2.7% 4.6%
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Optimum design of base-isolated structure equipped with

variant tuned mass damper inerter

YE Kun', YANG Qi-fan', CHEN Zhen-ming"*
(1.School of Civil and Hydraulic Engineering, Huazhong University of Science and Technology, Wuhan 430074, China;
2.China Construction Steel Structure Co., Ltd., Shenzhen 518118, China)

Abstract: Base-isolation system would undergo considerable great displacement subjected to strong earthquake. According to re-
cent research progress, the hybrid control strategy combining variant tuned mass damper (VTMD) with base-isolation system has
been proved to be effective in reducing such great displacement demand. However, large tuned mass is required to achieve better
control performance, which may be difficult to realize in practical application. Employing the mass-amplification effect of the inerter
device, a variant tuned mass damper inerter (VTMDI) is proposed in this study by inserting the inerter device in parallel with the
dashpot in the VTMD and is attached to the isolation level in the base-isolated structure. Due to the stochastic nature of seismic
ground motions, investigation into the optimum design of the VTMDI are conducted based on the framework of random vibration.
Tt is demonstrated that the traditional optimization strategy, taking the inter-story drift of isolated superstructure as the optimization
objective, is not cost-effective. Thereby, a novel optimization strategy consisting of two step optimization procedure is proposed.
In this two-step optimization strategy, the optimization objective in the first step is taken as the control effect of the base-isolated
structure equipped with the VTMDI compared with that of the corresponding base-isolated structure with the same dashpot, and
then the optimization objective in the second step is to minimize the inter-story drift of isolated superstructure. And the dynamic
time-history analyses show that both optimization strategies can effectively reduce the horizontal deformation in the isolation level
and inter-story drift in the superstructure, and the excessive strokes of the tuned mass are also avoided. However, the two-step op-

timization strategy is more cost-effective than the traditional optimization strategy.

Key words: base-isolated structure; inerter; variant tuned mass damper; random vibration; optimum design; two-step

optimization method
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