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Abstract: Advancements in structural vibration reduction technology have rendered its implemen-
tation in both new and retrofitted engineering structures more viable. In particular, plate-type
tuned mass dampers (TMDs) offer advantages such as easy installation, space efficiency, low
maintenance, and cost-effectiveness. This study installs multiple plate-type TMDs on the top

floor slab of a building equipped with a fire water tank to investigate the efficacy of structural
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vibration control. Employing a foundation in dynamic theory and finite element analysis using

SAP2000, the influence of individual TMD parameters on vibration reduction is initially exam-

ined. Subsequently, a single TMD was dispersed to study the vibration control effect of multiple

plate-type TMDs. The findings indicate that the proposed method effectively utilizes the dynamic

characteristics of both the plate-type TMDs and the fire water tank during seismic events, there-

by significantly reducing structural vibration with minimal modification to the original structure

and the fire water tank. This study proposes a novel solution for enhancing the seismic resistance

of new and existing structures through the implementation of vibration control design.

Keywords: fire water tank; tuned mass damper (TMD) ; seismic excitation; vibration reduction design
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Fig.2 Schematic diagram of plate-type TMD device
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Fig.3 Equivalent dynamic system of water tank
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Fig.4 Displacement time-history curves under various

frF/em
S

working conditions

300 TH— — THZ

-TH=

%)
[
(=]
(=)

IR EA<107 /!
S =
[ R I )
T Tty = —

&L
S S
S S

I [8)/s
B{5 ZIITmikEarfew
Fig.5 Acceleration time-history curves under various

working conditions



108 ooz

= T & % M

2026 4

4 FSIRTUBMMEEMNEERHFIRE
Table 4 Peak and RMS values of displacement and acceler-
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Table S Vibration reduction rates of displacement and
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Table 6 Design conditions of TLD-TMD under various mass block parameters
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Fig.6 Influence of mass block parameters on the

structural control effect
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Table 7 Peak and RMS values of top displacement and
acceleration under various working conditions

for different mass parameters
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acceleration under various working conditions

for different mass block parameters
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Table 9 Design conditions of TLD-TMD under various stiffness parameters

(07 £ /m B /m & /m TR /1 35 I BE / (kN/m)) PEFHJE /(KN » s/m)
1 4.5 2.5 3 10 135 0.01
2 4.5 2.5 3 10 110 0.01
3 4.5 2.5 3 10 85 0.01
4 4.5 2.5 3 10 70 0.01
5 4.5 2.5 3 10 60 0.01
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WA L i 4 5% i 9 8 DI B2 79 8 AR A S B 1 7 S
ARG 7 FT LA M B A 558 M E A 384 0 L 4544
WAL 37 A DR 5 G MR S B B T R R L A
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HIZ 10 A1 11 Al 0. 5 #3160 kN/m
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Table 10 Peak and RMS values of top displacement and
acceleration under various working conditions

for different stiffness parameters

T TR (B RMS TR E s RMS
o i/ cm /cm /(m/s?) /(m/s?)
1 1.068 0.546 8 2.817 0.837 8
2 1.047 0.537 1 2.817 0.837 6
3 0.945 6 0.491 2.817 0.836 8
4 0.976 9 0.525 2 2.817 0.837 4
5 1.023 0.543 6 2.817 0.837 7

® 11 AERESHT & IR KA 0N E E Rk E
Table 11 Vibration reduction rates of displacement and
acceleration under various working conditions

for different stiffness parameters

T U (A (075 fi#% RMS Ve INE  nEE RMS
o BRER/ 6 WIRE/ 0 BIRE/ 0 WIRER/ %
1 —2.2 1.01 7.21 7.23

2 —0.19 2.77 7.21 7.27

3 9.51 11.12 7.21 7.36

4 6.51 4.92 7.21 7.30

5 2.1 1.60 7.21 7.27

— AR
10F = = AR
S
2

55 65 75 85 95 105 115 125 135 145
HAH W /(KN/m)
B/ 7 #EREAHTRIRL R R
Fig.7 Influence of spring stiffness parameters on

vibration reduction effect
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Table 12 Design conditions of TLD-TMD under various damping parameters

TH K/m %E/m #/m BuRH/c SRR/ (KN/m) SR JE /(KN « s/m)
1 4.5 2.5 3 10 85 0.01
2 4.5 2.5 3 10 85 0.1
3 4.5 2.5 3 10 85 1
4 4.5 2.5 3 10 85 1.5
5 4.5 2.5 3 10 85 2
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Fig.8 Influence of spring damping parameters on

vibration reduction effect
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Table 13 Peak displacement, peak acceleration, and RMS

values under different damping parameters

L DAl B RMS TS (EmEE sk RMS
i i /cm /em /(m/s?) /(m/s?)
1 0.945 6 0.491 0 2.817 0.836 9
2 0.947 8 0.492 2 2.817 0.836 7
3 0.966 6 0.502 3 2.817 0.835 0
4 0.974 9 0.506 7 2.817 0.834 0
5 0.982 1 0.510 5 2.817 0.833 1

F 14 AEEESHEHTE IR AR NEE R RE
Table 14 Vibration reduction rates of displacement and accel-
eration under various working conditions for differ-

ent damping parameters

T W[ MR RMS  WE(EAE  HEE RMS

BOBIRE/Y OBIRR/% ORIRR/Y% RIRR/Y%

1 9.51 11.12 7.21 7.36

2 9.3 10.90 7.21 7.38

3 7.5 9.07 7.21 7.56

4 6.7 8.27 7.21 7.67

5 6 7.59 7.21 7.78
MG T HEEE H R, 5T 92 B0, A SCTE 51 T
WRAEUA B T 24t TMD,

FE L SCH A TMD 43 87 6 36 Rl L, o8 4 s 2 4
He X MTMD F3 RO , AR 55 ST i 10 ¢, SN
JEh 85 kN/m. A N 1.52 s, LB M 0.01
kN « s/mAZE B B4~ TMD #f 4  MTMD &R %i,
PABIEZE MTMD $5ik 6 25 0 U B 4 1 (9 5% ) . 3 2ot
) 25 9 /N B~ TMD (1 5 2 A1 S W (8 45 40 J5
2 TMD [y 85 28 5 AR 3 AR — 8, ARSI E T
4 BT, RTS8 45 15, A EUS B4 TMD
(14 5 2t 5 I 2 0OGE 57 8 R R {9 41 38 SR 1)

U AP e 2 75 AR AT SRAE R 16 o, AH IR R A8 0
BRI T 17,
£ 15 WX MIMD i&it&#
Table 15 Design parameters of plate-type MTMD

T TMDf#E  HPAFE PR R 2
A A5 /t /(kN/m) /(kN * s/m)
1 1 10 85 0.01

2 4 2.5 21.25 0.01

3 10 1 8.5 0.01

4 20 0.5 4.25 0.01

A WG —e— UEAE A
A9 MTMD # & Fe R B A AL A Fo ik B
R @ R LR AL

Fig.9 Influence of mass and stiffness parameters of MTMD

on the vibration reduction effect for peak displace-

ment and acceleration

£ 16 BIRTBMMEEIEERYFTIRE
Table 16 Peak and RMS values of displacement and acceler-

ation under various working conditions

L WG (i RMS WS i RMS
i i %% /cm /cm /(m/s%) /(m/s?)
1 0.9456 0.4910 2.817 0.8369
2 0.9480 0.4921 2.817 0.8370
3 0.9548 0.4949 2.757 0.8369
4 0.9586 0.4976 2.743 0.8443

F 17 FILR T NIEERRZE
Table 17 Vibration reduction rates of displacement and

acceleration under various working conditions

T W 007 7 fii#% RMS Ve hns i RMS
o WRER/ WIRER/ 0 BIRE/ 0 IR/ %
1 9.51 11.12 7.21 7.35
2 9.28 10.92 7.21 7.34
3 8.63 10.41 9.12 7.35
4 8.27 9.92 9.65 6.53
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