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Application of Finite Element Method and Taguchi Method
to Reduce Floor Impact Vibration in Apartment Buildings
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ABSTRACT

Finite element method and Taguchi method were used to reduce the floor impact vibration of the reinforced concrete slab
in the apartment buildings. At first, experimental results show that sound peak components to influence the rating of floor
impact sound insulation were coincident with natural frequencies of the reinforced concrete slab, and there is a high linear
relation between floor impact vibration and sound. The tables of orthogonal arrays were used for finite element analysis with
5 factors related to slab shape parameters and its results were analyzed by statistical method. The most effective factor to
reduce the floor impact vibration was the length of living/kitchen room and the floor impact vibration was predicted by 30%
reduction in the acceleration peak by the optimal design values of the factors.
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(b} Plane figure

(a) Perspective drawing
Fig. 1 Popular and representative apartment building
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(a) sound pressure level (b) vibration acceleration level
Fig. 2. Floor impact sound and vibration spectrum

a8 Adelxg 2ol FFFH
100Hz olste] AF3 A —‘T“~°§. F& Haxe 2, 32,
64Hz 5015} olgig 4§ FAZo] T2 SuE B}‘?f
AL AddT H7t 7}"* aA Zidsta ok wgE
A5 24E "—é £/ £ 100Hz ol3} AF ool A i3

(%

dlo
o

A Fu

).
:E;{r

i)
N

ol u[o

=
3
2

o
m
ox
o
17
2
]
30,
do
o
e,
+
s
ol

« 1.8 kgtfer?

a 2.2 kgf/ar
[} + 2.4 kgffest
he?
= « 2. kgffor
& « 30 ke
R? =089

VAL (dB]

Fig. 3 Correlation between floor VAL and SPL
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{b} full 3-dimensional model

(a) Kitchen/living room only
Fig. 4 Finite element model of reinforced concrete slab
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Fig. 5 Factors of the reinforced concrete slab
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Table 1 Factors and levels

Level A B Cc D E
1 -7.586 -7.142 -7.279 -7.143 -7.149
2 -7.587 -7.072 -7.051 -7.068 -7.065
3 -6.218 -7.176 -7.060 <7179 -7177
Delta 1.369 0.104 0.228 0.112 0412
Rank 1 5 2 4 3

Table 2 Internal factor and external factor

Internal Factor External Factor
Runs ATT 1272
A B C D E B 1 2 1 2
ci1 2 2 1
1 1 1 1 1 1 al | b1 | ¢t | ot
2 1 1 2 2 2 a2 | h2 | ¢2 | d2
3 1 1 3 3 3 a3 | b3 | c3 | a3
4 1 2 1 2 3 ad | bd | cd | dd4
5 1 2 2 3 1 a5 [ b5 | ¢5 | db
27 3 3 3 2 1 a27 | b27 | ¢27 | d27
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Table 3 Response table for SN Ratio
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Level A B C D E
1 -7.586 -7.142 -7.279 -7.143 -7.149
2 -7.587 -7.072 -7.051 -7.068 -7.065
3 -6.218 -7.176 -7.060 -7.179 =777
Delta 1.369 0.104 0.228 0.112 0112
Rank 1 5 2 4 3
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Fig. 7 Interaction plot for AB, AC, AD and AE
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