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Seismic Response Control of Adjacent Buildings Using Shared Tuned
Mass Damper

9 7 e
Kim, Hyun—Su Kang, Joo—Won
Abstract

When adjacent tall buildings experience earthquake excitation, structural pounding may happen. In order to mitigate
seismic pounding damage to adjacent structures, many studies have been done to date. Tuned mass dampers (TMD) are
widely used for reduction of dynamic responses of building structures subjected to earthquake excitations. If a TMD is
shared between adjacent buildings and it shows good control performance, it will be effective and economic means to
reduce seismic responses of adjacent structures. In this study, control performance of a shared tuned mass damper (STMD)
for seismic response reduction of adjacent buildings has been evaluated. For this purpose, two 8-story example buildings
were used and multi-objective genetic algorithms has been employed for optimal design of the stiffness and damping
parameters of the STMD. Based on numerical analyses, it has been shown that a STMD can effectively control dynamic
responses and reduce the effect of pounding between adjacent buildings subjected to earthquake excitations in comparison
with a traditional TMD.

Keyuwords : Seismic response control, Adjacent buildings, Pounding effect, Shared tuned mass damper, Multi-objective genetic
algorithims, Optimal design
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(b) STMD system
(Fig. 3) Example structure models
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(Table 1) Multi-objective functions

Z 2 g b b
a2

Objective

function Description

Top floor peak displacement
of building A with STMD

I

Top floor peak displacement
of building A with TMD

Top floor peak displacement
of building B with STMD

2
J Top floor peak displacement

of building B with TMD

AL FAA A7 JjAEL STMDS
A4 9 A% dE8Hencoding)dto] FH AL
Asta gtk STMDE A=t 8% &

<Fig. 7>¥ #o] A (chromosome)z}
Tz dzstE.

kae ¢+ Stiffness of STMD for Building A
ke +— Stiffness of STMD for Building B
cax +— Damping of STMD for Building A
¢gt t+— Damping of STMD for Building B

obl1 Obiective function values
obj2
1k Multi-objective ranking

Dist. +—— Crowding distance

(Fig. 7) Chromosome for STMD

A7 g BAE AR §14 2
Mo AREHAL Sled I FoM £ <
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Genetic Algorithm)>'92 o] &3l nteE 23|
AFE et <Fig 8> STMD H43E 93t
NSGA-II9] #fahg = e it

Set initial parameters
(population size, final generation, number of variables,
range of variables, rate of mutation and crossover,
types of selection, mutation, crossover operator)

v

Generate initial population

l«
v A
Select one chromosome in current population

v

Decoding chromosome &
Make analytical model of STMD

v

Run time history analyses using 3 earthquakes
Evaluate multi-objective functions

Evaluated all
chromosome?

Apply selection, mutation, crossover operators
Create the next generation

(Fig. 8) Optimization process of NSGA-II
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(Table 2) Parameters of selected designs

<Fig.

oA Aegt 37012 STMDe taiAx AFAH,
El Centro A%, Kobe A|7& W& A F2EY]
A7 Xﬂ‘ﬂ’“ AEStA Bt o5 #J3iA
AE A9} BY 4/\}5 AU ST U RMS S8 37
©] STMD A A|bell tefA A elstRA L vl E 98t
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(Table 3) Peak top floor displacement (Bldg. A)

Earthquake | Artificial | El Centro | Kobe
Uncontrolled 9.26 25.04 58.42

T™D 6.12 15.68 51.93
STMD (S1) 6.84 22.53 61.04
STMD (S2) 5.81 17.46 55.29
STMD (S3) 6.19 20.16 58.73

(Table 4) Peak top floor displacement (Bldg. B)

Earthquake | Artificial | El Centro | Kobe
Uncontrolled 10.15 40.37 73.14

T™D 3.84 12.20 50.34
STMD (S1) 3.70 12.22 51.29
STMD (S2) 4.38 15.59 54.40
STMD (S3) 3.92 13.49 52.48

(Table 5) RMS top floor displacement (Bldg. A)

Earthquake | Artificial | El Centro | Kobe
Uncontrolled 3.68 13.41 18.38

T™MD 1.63 4.31 11.74
STMD (S1) 2.02 4.67 15.40
STMD (S2) 1.46 3.94 10.28
STMD (S3) 1.69 4.24 12.44

(Table 6) RMS top floor displacement (Bldg. B)

S1 S2 S3 Earthquake | Artificial | El Centro Kobe
ka | 17,308,053 | 97,931,560 | 25870,152 Uncontrolled | 5.14 2294 39.58
kg 79.40 79.40 4712 T™MD 124 398 941
Cat 4.73 4.73 248
STMD (51 1.21 313 947
Cp 2,690,645 1,570,259 2,084,444 G
il 121 0.89 102 SIMD (S2) 1.38 413 10.42
2 0.98 1.16 1.02 SIMD (S3) 1.24 3.47 9.53
st xoolRl _ 81
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(Artificial earthquake)
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(Fig. 11) Top floor displacement of Bldg. B
(Artificial earthquake)
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(Table 7) Relative displacement of top floor (cm)

Earthquake | Artificial | El Centro | Kobe
Uncontrolled 16.7 60.3 105.4
T™MD 7.0 20.5 58.2
STMD (S1) 47 18.7 483
STMD (S2) 49 19.3 47.9
STMD (S3) 51 17.9 449
52 E
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