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The relationship between the shock-absorbability

and the light impact sound of wooden floorboards
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Table 1. REAFRERROHKR

Types of tested wooden floorboards.

B (7 FHHER BE (B B (7Ff
First layer Second layer Third layer
% = (Buna® bosard) (Shock- absorbable (Buna™ board)
No polymer sheet®)
B & (mm) E X (m) o] B X (m
Thickness Thickness Type Thickness
1 1.5 2.0 A 8.5
2 2,0 2.0 A 8.0
3 2.5 2.0 A 7.5
4 3.0 2.0 A 7.0
5 2,0 1.5 A 8.0
6 2,0 2.5 A 8.0
7 2.0 3.0 A 8.0
8 1.5 3.0 A 8.5
9 2.5 3.0 A 7.5
10 3.0 3.0 A 7.0
11 1.8 2,0 B 8.5
12 2,0 2.0 B 8.0
13 2.5 2.0 B 7.5
14 3.0 2.0 B 7.0
18 2,0 1.5 B 8.0
16 2.0 2,5 B 8.0
17 2.0 3.0 B 8.0
18 1.5 3.0 B 8.5
19 2.8 3.0 B 1.5
20 3.0 3.0 B 1.0
21 1.5 2,0 C 8.5
22 2.0 2.0 C 8.0
23 2,5 2,0 C 7.5
24 3.0 2.0 C 7.0
25 2.0 1.5 C 8.0
26 2,0 2.8 C 8.0
27 2.0 3.0 C 8.0
28 1.5 3.0 C 8.5
29 2.5 3.0 C 2.5
30 3.0 3.0 C 7.0
31 1.8 2.0 D 8.5
32 2.0 2.0 D 8.0
33 2.5 2.0 D 1.5
34 3.0 2.0 D 7.0
35 2.0 1.5 D 8.0
36 2,0 2.5 D 8.0
37 2.0 3.0 D 8.0

Note) RHAMERAFRRIL, E& 150mm D32 Y —+ 25 FTKERY Lt
Each tested wooden floorboard was stuck onto concrete floor slab (150 mm thick).
a) @ Shock-absorbable polymer sheet
A BE Density (g/em®)0.11 3 (Bf) Harduess (degree) JIS A 6301 40

B: «~ 0.08 ” 55
C: 0.10 ” 55~60
D: ~ 0.38 ” 48~53

38, BOABOMHEBEMICIETNTER 2m OBEFH ALH N,
Shock-absorbable polymer sheet (type A, 2me thick) was used for each fourth layer as a
humidity-proof sheet.

b) Buna (Fagus crenata BL.)
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Frequency spectra for floor impact sound levels of concrete

floor slab (150 mm thick) and Buna board (11 mm thick)-

stuck concrete floor slab.
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Effect of first-layer thickness of wooden floorboard on

floor impact sound levels.

(First layer : Buna board).

Note) A, B, C, D: Table 1 288, See Table 1.
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Effect of second-layer thickness of wooden floorboard on
floor impact sound levels.
Note) A, B, C, D: Table 1 £, See Table 1.
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Numbers are No. of wooden floorboards shown in
Table 1.
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Numbers are No- of wooden floorboards shown in Table 1.
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Numbers are No. of wooden floorboards shown in Table 1.
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The Light Impact Sound of Wooden Floorboards 1
The relationship between the shock-absorbability

and the light impact sound of wooden floorboards

Shuzo Suevosar'?, Hisayoshi Sarro® and Tohru Hosur®

Summary

The demand for floors, walls, and ceilings that are soundproof has been growing
markedly in multistory housing buildings. However, the wooden floorboards used in those
buildings in place of a carpet or polymer sheet unfortunately have been a source of floor
impact sound.

As is well-known, heavy impact sound decreases with the stiffness and weight of the
floor structure. Moreover, light impact sound is reduced with the softness of the floor
surface. In order to reduce the impact sound of floors, therefore, two different approaches
should be made.

In this study, investigations on the relationship between the shock-absorbability and
the light impact sound of wooden floorboards were conducted for the development of
soundproof wooden floorboards.

1. Fundamental mechanism for reducing light impact force

When a light load (M kg) is applied to a floor with a certain velocity (V m/s) and
restitution coefficient (), and the floor is not supposed to move after impact, the impulse,
Y, is defined as

Y=MVQ+g) e (1)
On the other hand, if an impact force wave is assumed to be a half sin pulse with the
maximum impact force, F., (N), and the impact time, 4t (s), as shown in Fig. 1, then Y

is written as

Y = Fo.. Q4At/7) e, (2)
Using Equations (1) and (2), F .. is expressed as follows
Foay =MV (L+p) 2/24t e (3)
If the impact frequency, f,, is defined as 1/24t, then F,, is rewritten as
Foae = MV (1) mf, e, (1)

It is shown in Equation (4) that if the impulse, Y, is constant, then F,_,, is reduced by
decreasing f,, that is, extending 4t¢.

2. Experimental

The types of tested wooden floorboards are given in Table 1. Each floorboard (30 ¢m
square) consisted of four layers-thin Buna (Fagus crenata Bl.) board, shock-absorbable
polymer sheet, thick Buna board, and humidity-proof polymer sheet. Both the shock-
absorbable and humidity-proof polymer sheets were a similar type of foamed polyolefin.
These four layers were glued together with epoxy resin adhesive.

The measurement of light floor impact sound was made by JIS A1418. A tapping
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machine was placed at the center of nine floorboards (90 cm square) which were stuck onto
the concrete floor slab (150 mm thick) with double-faced adhesive tape. The floor impact
sound was measured by a condenser microphone, a sound level meter, and an octave
analyzer that were fixed in a room underneath.

The maximum impact force and impact frequency were measured as follows: A
light-weight hammer (500 g) with a force sensor was dropped freely onto the specimen
from a height of 4cm. The maximum impact force and impact frequency were calculated
from the output of the force sensor (Fig. 1).

3. Results and Discussion

Fig. 2 shows the levels of light impact sound of concrete floor slab (150 mm thick) and
Buna board (il mm thick)-stuck concrete floor slab. The impact sound levels of the
concrete floor slab were higher than 70 dB at a 125 Hz octave band or above. When the
Buna board was glued onto this concrete floor slab, the impact sound levels of the 1K Hz
octave band or above decreased relatively, whereas the impact sound levels of the 250 Hz
and 500 Hz octave band, Ly and Lgy, still remained more than 70 dB. Thus the reduction
of these impact sound levels, Ly, and Lsy, is a key point in decreasing the noise of wooden
floors.

As shown in Figs. 3 (a), (b) and Figs. 6 (a)-(d), when the thickness of the first layer
(thin Buna board) was more than 2mm and that of the second layer (shock-absorbable
polymer sheet) was 2 or 3mm, then the maximum impact force, Fy,,, the impact
frequency, f,, and the floor impact sound levels, Li, and Lsy, decreased by decreasing the
thickness of the first layer. In some cases when the thickness of the first layer was less
than 2mm, F.,.. and f, tended to increase conversely and both Ly and Ly, also did not
decrease.

In cases when the thickness of the first layer was 2mm (Fig. 4 and Figs. 7 (a)-(d)),
then Frax, fa, Lo, and Lsy decreased by increasing the thickness of the second layer.
However, as shown in Fig. 7 (c), there was an exception which did not follow a similar
type of variation.

As shown in Fig. 8 and Fig. 9 where the solid lines are quadratic regression curves, the
impact sound levels, Lj, and Lsw, had a tendency to decrease by decreasing F... and
fx. Wooden floorboards No. 6, 7, 8, 16, 17 and 18, of which the first layer was Buna board
(1.5-2.0 mm thick) and the second layer was shock-absorbable polymer sheet (type A or B,
2.5-3.0 mm thick), indicated a low Lgp and Lsy. The soundproofing capacity of these six
types of wooden floorboards was higher than the value specified for the soundproof grade,
L-60, defined by JIS A 1419 (See Fig. 10). Such a change of floor impact sound levels was
supposed to result from the variation in absorbability of the first and second layers of
wooden floorboards for impact vibration energy.

Therefore in order to develop higher soundproof wooden floorboards, it is necessary to
make clear the vibrational characteristics of wooden floorboards on the basis of their
dynamic deflection and vibration mode caused by a light impact load.



