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Verification of Floor Impact Sound Reduction Performance of a Slab
with an Applied Tuned Mass Damper Using Computational Analysis
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ABSTRACT

Floor impact sound, which occurs when children run, is primarily caused by the vibro-acoustic

coupling effect. This effect involves the transmission of vibrations from the upper slab to the lower
floor through the slab, which is then converted into sound at the ceiling surface. By reducing the
vibration, it is possible to reduce the sound transmitted to the lower floor. In this study, a tuned mass
damper (TMD) was designed to investigate its vibration and sound reduction performance. Computational
analysis was performed to evaluate the effectiveness of the TMD. This study also compared the
performance of slabs with and without the TMD as well as investigated the effect of the mass ratio,
which is a design parameter of the TMD. The analysis results showed that installing the TMD led to
an overall reduction in vibration. Specifically, the noise reduction of the Ist mode reached up to 42 %.

However, when the mass ratio of the TMD was increased over a certain level (20 %), noise control

performance was not significant.
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(a) Floor plain of box-shaped structure

(b) Modeling for computational modeling

Fig.2 Box-shape structure floor plan and analysis
modeling

Table 1 Material characteristics used in analysis

Material Properties Values Unit
Young’s modulus 25e9 Pa
Concrete | Poisson’s ratio 0.17 -
Density 2400 kg/m®
) speed of sound 343 m/s
Air
Density 1.225 kg/m®




Suhong Kim et al.;

Verification of Floor Impact Sound Reduction Performance of a Slab with an Applied Tuned ...

Ii‘l

S Aatate] BE Gabo] mpE Mol &
94 LIRS WA sk k5 Ak Fig. 3
13} ~4x BEO] #Fdale Sejne ReEdAs
Uehl= AoR 747} 39.19 Hz, 73.12 Hz, 84.30 Hz,
114.74 Hzo|t}, AHE S35 2] (3)~ 24 (5)°]
&te] AXFe TMD AAZHS Table 29} 7).
TMD®] A7k Euk oyt dA] A= Aol

o |

@

(a) 39.19 Hz mode shape & location

® ®

(b) 73.12 Hz mode shape & location

@9

@9

(c) 84.30 Hz mode shape & location
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Fig. 3 Natural frequencies, mode shape and deformation
location of slab from analysis(black rectangle :
installation points of TMD)
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Table 2 TMD design value

RE R

1 AA}zE

%1 lumped mechanical system

813t} Lumped mechanical sys-
Zeju ARl 7}

Damping |[Mass| Angular Stiffness Damping
ratio [kg] | frequency [N/m] coefficient
246.11 6057171 4922.26
100 459.19 21085876 9183.87
529.40 28026860 10588.08
0.10 720.57 51921709 14411.34
246.11 12114341 9844.53
200 459.19 42171752 18367.74
529.40 56053719 21176.16
720.57 103843418 28822.69
246.11 6057171 7383.40
100 459.19 21085876 13775.81
529.40 28026860 15882.12
015 720.57 51921709 21617.02
246.11 12114341 14766.79
200 459.19 42171752 27551.62
529.40 56053719 31764.24
720.57 103843418 43234.03
246.11 6057171 9844.53
100 459.19 21085876 18367.74
529.40 28026860 21176.16
0.20 720.57 51921709 28822.69
246.11 12114341 19689.06
200 459.19 42171752 36735.49
529.40 56053719 42352.32
720.57 103843418 57645.38
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Table 3 Case senario of TMD modeling

Case Frequency [Hz] Mass [kg] Damping coefficient [c] Damping ratio | Stiffiness [k]
39.19 100(4EA) 4922.56
1 73.12 100(4EA) 9183.87
(mass ratio = 16 %) 84.30 100(4EA) 10588.08 010 607171
114.74 100(4EA) 14411.34
39.19 200(4EA) 14766.79
5 73.12 100(4EA) 18367.74
(mass ratio =20 %) 84.30 100(4EA) 21176.16 010 12114341
114.74 100(4EA) 14411.34
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Fig. 4 Impact force time history data for analysis
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(a) Result of slab without TMD(1 ms) (b) Result of slab with TMD(1 ms)

(e) Result of slab without TMD(11 ms) (f) Result of slab with TMD(11 ms)

(g) Result of slab without TMD(15 ms) (h) Result of slab with TMD(15 ms)

Fig.5 The result of sound pressure propagation from time dependent analysis; the yellow arrow from 1 ms
figure means impact point using simulated rubber ball
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Table 4 The result of changes in natural frequencies
before and after TMD installation

Natural frequency [Hz]
Ist 2nd 3rd 4th
Without TMD| 39.19 73.12 84.30 114.74
TMD
(16 % mass) 33.29 55.60 61.81 89.05
TMD
(20 % mass) 35.19 55.59 61.83 89.05

Table 5 SNQ(single number quantity) in cases with/
without TMD(mass ratio 16 %, damping 10 %)

Case Frequency [Hz] SNQ [dB]
63 | 125 | 250 | 500 | (Litrmax s0.630)
"VTilt\l/}‘]’)“t 56.8 | 57.2 | 53.4 | 55.1 53
TMD | 564 | 563 | 49.8 | 46.8 47
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