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Keywords Abstract

Hybrid seismic control, Vertical Mass Isolation (VMI) is a novel and rapidly developing approach in
Vertical mass isolation, the seismic control of structures. In this method, the structure is separated
stiffness subsystem, into two subsystems—mass and stiffness—which are connected through a
mass subsystem, damper. The application of a Tuned Mass Damper (TMD) between these
Tune mass damper, subsystems leads to effective vibration control under lateral loads. The

hybrid passive control system proposed in this study combines the VMI and
TMD mechanisms. Key parameters of the system, including the isolator
stiffness, and the frequency and damping ratio of the TMD, are examined
under various conditions to achieve optimal performance. The investigated
models consist of 5 and 15 story steel structures analyzed under both seismic
and harmonic excitations. The results indicate that the proposed hybrid
system significantly improves the structural response compared to both the
uncontrolled case and the case equipped with VMI alone. Specifically,
reductions of 35% in peak mass displacement, 45% in peak base shear, and
30% in peak roof acceleration were observed relative to the uncontrolled
structure. Moreover, in comparison with the structure equipped solely with
VMI, the corresponding reductions were estimated to be 30%, 26%, and
27.4%, respectively. The proposed system demonstrates notable
effectiveness under both seismic and harmonic loading, leading to
considerable reductions in roof displacement, base shear, peak drift, and
acceleration in both subsystems. Additionally, the overall performance level
of the structure is improved, with its behavior remaining predominantly
linear, thereby reducing structural responses and potential damage under
lateral loads.
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VTS(%) VTM(%) VTSD(%) VTMD(%)
mass stiff mass stiff mass stiff mass stiff
5 far 27.8 232 30 22.2 29.8 25.7 33.8 26.9
st near 28.6 28.1 33.2 315 32 32.7 36.6 36.6
15 far 20 11.6 25.5 3.9 26.2 2.3 31 5.2
st near 14 11.2 17.1 6.2 20 1.8 22.9 3.2
average 22.6 25.7 26.5 26.9 27 29.2 311 17.9
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MDF VTS (cm) VTM (cm) VTSD (cm) VTMD (cm)
(cm) mass stiff mass stiff mass stiff mass stiff
5st 39.8 275 23 249 195 25.6 209 20.8 16.4
15t 1159 88.1 79.7 816 63.3 77.9 75.7 727 57.9
5st
Reduction - 31 42 38 51 36 47 48 59
(%)
15st
Reduction - 24 31 30 45 33 35 37 50
(%)
Ave Red 275 | 365 34 48 345 41 425 | 545
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MDOF _ | VTS [ VTM | VTSD | VTMD

(mm) | mass | stiff | mass | stiff | mass | stiff | mass [ stiff
Far field 5st

Dra 365 | 325 | 153 | 25 [ 149 | 321 [ 154 [ 242 | 138

Ratio 1 | 08 | 042 [ 068 | 041 | 088 | 042 | 066 | 038
155t

Drae 32,6 234 131 | 281 | 129 | 225 | 128 | 267 | 126

Ratio 1 0.72 0.4 0.86 0.4 069 | 039 | 082 | 039
Near field 5st

Drae 256 | 215 | 117 | 179 | 94 | 194 | 98 [ 166 | 10.2

Ratio 1 [ o84 [ 046 | 07 [ 037 [ 076 | 038 | 065 [ 04
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Drae 334 26.4 10.7 29 106 | 233 9.6 262 | 105

Ratio 1 0.79 032 | 087 | 032 0.7 029 | 078 | 031

Ratioa. 1 0.79 041 | 074 | 038 | 075 | 038 07 0.37
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