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Abstract :

The tuned mass damper (TMD) system was first proposed as an efficient vibration control method for high-rise buildings, and

multiple TMD (MTMD) system was then proposed for the purpose of improving the robust performance. Thereafter, the active TMD (ATMD)
is proposed to improve the vibration control performance over the TMD and MTMD systems. However, this system may experience an
systemr-instability problem in case of the actuator malfunction. In order to overcome such limitations of actuator malfunction causing the
instability of the structural system, in this study, we investigate the feasibility of the multiple ATMD (MATMD) system that facilitates both
advantages of the MTMD and ATMD. Numerical example demonstrates that, when the proposed system is designed to have the same capacity
as the ATMD, it shows a similar control performance to the ATMD, but also has very good adaptive control performance against the emergency

situations such as actuator failures.
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Table 1. Dynamic properties of building

buildings property values
floors (n) 50
floor mass (m;, i=1,---,50) 155.0 tons per floor

4.287x10° N/m
0.82 Hz

1% Rayleigh damping
for 1% & 2™ modes
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Table 2, Design of ATMD

ATMD property values
installation location 50™ floor
mass (m,) 195.73 tons
Ma (5% of 1" modal mass)
frequency (w, = +/ks/my) 0.78 Hz
damping ratio (¢, = ¢,/2 /kgmy) 12.73%
weighting r r = 50x10"°
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Table 3. Design of MATMD

MATMD property values
installation location 50™ floor
number of ATMD (n,) 9
mass (mk k=1,--,n,) 195.73/9 = 21.75 tons
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weighting R R =50x10"-1
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Table 4. Maximum control forces of ATMD and MATMD
systems in normal and emergency cases

State normal operation @ aztr:;;trc%resncf%a/ile d)
System ATMD MATMD ATMD MATMD
1,529 -
1,489 2,958
1,453 2,888

Maximum 1,420 -
Control 11,766 12,595 1,391 - 13,795 -
Force (k1) 1,364 2,714
1,339 2,665

1,316 -
1,295 2,579

Table 4of|Al= B4 & 8 9 HA ol A 9]
= Ao A 2] éﬂi sk A Aol AR
th B4 A5 Alolli= ATMDeo|| H|s MATMD A]AH)]
o] oF 7% Z7HEl Aol WRE Bh= b, g A
o= oF 17%2 o 2 AlojglE A= 3tk oA
¥ 17%2] Alolg Z7}2 Fig. 6014 =G vje} 2ol
AlofAd o] Matrt A o) AsA| oHe R AA|SHe
MATMD A1) SIEAISl] shaleh 2 g 4
of g3t A& Zz Axte} g 2~ 9ok

Table 5. Adaptive control performance of MATMD against
actuator failures

actuator failure top-floor peak peak control instantaneous  total

scenario dlspiicn:;nent fE)l:Ic\;:)s peal((k&?)wer ;Ei\\);\l;:)r
normal operation 522 12,594 458<10*  1.15x10°
no. 3 5.20 12,540 5.14x10*  1.31x10°

no. 3,7 5.17 12,461 5.85x10°  1.49x10°

no. 3,7,5 513 12,691 6.78x10*  1.78x10°

no. 3,7,5.2 5.05 13,814 9.24x10*  2.32x10°
no. 3,7,5,2,8 5.00 14,425 1.32x10°  3.07x10°
no. 3,7,52.8,1 5.08 17,536 2.70x10°  7.24x10°
no. 3,7,52.8,1.9 8.23 27,762 9.91x10°  2.02x10’
no. 3,7,52,8,194  5.13x10* 139x10°  6.43x10°  1.01x10™

E}——Q—Oi MATMDOH/H Z‘]/K]-X“] oz ;( —5]-{—‘_— —5]—%
HRRo 7 AlEd|o] & AAS

A9 A2 Ishele.
W, 7 AURA AYS AGEsied Achslole,
STHHTAY el AAAaage] waE

Table 5o Z=A|s3I) A8t 2Hs=5 Alde 2
+ Table 5o AAJSE v} o], 3-7-5-2-8-1-9-49] =0
2 7PAstgict ae)ar, <AL 7 A e
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