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ABSTRACT

With the increase in the number of high-speed roads in downtown areas and the speed of rail-
ways, there have been exponential increases in the number of complaints about noise and the de-
mand for soundproof walls. The implementation of soundproof walls has been established as the
most important approach to improve persons’ living standards and realize quiet noise environment.
However, there is a problem in that the soundproofing performance significantly deteriorates and the
aesthetic function is lost because replacement or maintenance is not desired according to the aging
of the soundproof wall; this also results in significant economic loss. This study proposes a design
method for a noise barrier that satisfies the CEN10 standard, but which can secure 0.5 or more of
sound absorption performance in the 125Hz band, while simultaneously ensuring ease of
maintenance.
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AbE HAHE Table19] 4719 SHO= o]
7}=™, NRC(noise reduction coefficient)= T
=9 @ol7] wel Sk SAS aeshA edal
SAF oAt F5Ee] 2 49 NRC #e] &
7he= gAde] .

CEN(European Committee for Standardization)©]|
A AN HoELS Table 29} o] 679 SHPo=
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Table 1 Sound absorption coefficient class (KS F 4770-1)

Arithmetic average of sound

Lt absorption coefficients

First class 0.85 or more

Second class 0.80 or more, and under 0.85

Third class 0.75 or more, and under 0.80

Fourth class 0.70 or more, and under 0.75

Table 2 Sound absorption coefficient of CEN

Frequency (Hz)
Performance NRC
125 | 250 | 500 | 1k | 2k | 4k
Od  102]03]|04]06]|08]08]053
recommendation
Light 01]03]061]07]06]|04]0.55
Good 0.1 103]071]09]09]|09]0.70
Low frequency | 0.4 | 0.7 | 09 | 0.9 | 0.7 | 0.4 | 0.80
Very good 04 1061]09]09]08]|06]0.80
High 0.5]08|09]095 0907|089
performance
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Fig. 1 Concept of detachable noise barrier
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Table 3 Material property for body frame

Case

Composite structure

Total thickness

Front panel 8 mm(diameter), 10 mm(pitch), thickness 1 mm

Air layer 50 mm

Thickness 50 mm

Case 1

Air layer 50 mm

Polyester 32 kg/m*(50 mm)

Kit thickness 100 mm

Air layer 170 mm

320 mm

Front panel 8 mm(diameter), 10 mm(pitch), thickness 1 mm

Air layer 50 mm

Thickness 50 mm

Air layer 60 mm

Case 2

Artboard 230 kg/m*(3 mm)

Polyester 32 kg/m’(34 mm)

Artboard 230 kg/m*(3 mm)

Kit thickness 100 mm

Air layer 170 mm

320 mm

Front panel 8 mm(diameter), 10 mm(pitch), thickness 1 mm

Polyester 32 kg/m*(50 mm)

Thickness 50 mm,

Air layer 60 mm

Case 3

Artboard 230 kg/m*(3 mm)

Polyester 32 kg/m’(34 mm)

Artboard 230 kg/m*(3 mm)

Kit thickness 100 mm

Air layer 170 mm

320 mm

Front panel 8 mm(diameter), 10 mm(pitch), thickness 1 mm

Polyester 32 kg/m*(50 mm)

Thickness 50 mm,

Case 4

Air layer 50 mm

Artboard 280 kg/m*(3 mm)

Polyester 48 kg/m’(40 mm)

Artboard 280 kg/m*(3 mm)

Polyester 48 kg/m*(40 mm)

Kit thickness 140 mm

Air layer 130 mm

320 mm

Case 5

Front panel 8 mm(diameter), 10 mm(pitch), thickness 1 mm

Polyester 32 kg/m*(50 mm)

Thickness 50 mm

Artboard 280 kg/m*(3 mm)

Polyester 48 kg/m’*(40 mm)

Artboard 280 kg/m*(3 mm)

Polyester 48 kg/m*(40 mm)

Kit thickness 90 mm

Air layer 90 mm

Baffle plate 0.45 mm, artboard 230 kg/m*(3 mm), 4 mm(diameter), 85 mm(interval)

Air layer 90 mm

320 mm

Case 6

Front panel 6 mm(diameter), 9 mm(pitch), thickness 1 mm

Air layer 12.4 mm

Thickness
12.4 mm

Artboard 280 kg/m*(3 mm)

Artboard 280 kg/m*(3 mm)

Polyester 48 kg/m*(40 mm)

Artboard 280 kg/m*(3 mm)

Polyester 48 kg/m*(40 mm)

Kit thickness
90 mm

Air layer 94 mm

Baffle plate 0.6 mm, artboard 280 kg/m*(3 mm), 4 mm(diameter), 85 mm(interval)

Air layer 86 mm

282.4 mm
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Specimen
. Test Room
" wser
Source  Microphone Microphane Softere;
(Speaker) ator
0 ﬂ B
ust port
| BNC Cable USB Cable ’7
e I
Reverberation Roon //’ /
< Fig. 5 Sound insulation test diagram

Fig.3 Specimen installation diagram in reverberation
room

Fig. 6 Schematic of installation conditions
Fig.4 Example of specimen installation for sound
absorption test is reverberation room

Table 4 Information of sound insulation test

Source room Receiving Setup area = £
Source volume room volume | of specimen % §
(m’) () (m’) ——
- : —
White 57.5 51 10.0 =
noise
Frequency 100 Hz ~ 5000 Hz
range
Table 5 Test equipment
Equipment Specification & type
Signal analyzer RION / SA-01
Microphone G.R.A.S / 40AQ
Speaker CESVA / BP012
Low frequency speaker VASCOM / SR 4145SUB
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Table 6 Configuration of perforated panel

Perforated panel

Distance
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thickness | radius frequency
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(mm) (mm) o) (Hz)
Case 5| 045 2 90 85 125
Case 6 0.6 2 86 85 125

Sound absorption coefficient
=} =}
5 &

[=]
[
[=]

o
8

1/3 octave band frequen

H
E

Fig. 13 Comparison of case 4 and case 5

o
L
)

o €}
S e
Hs) wa 2H&
Az Fo] FAh), W T35 F
(B)& ol&ate] 2] (1)3} o] FFHAL.
Q= 45 F Utk

28 A3

=

al =23}
_
hy

. Fig. 12+ E}&3e] 4
g A717F &9 3l

£ o

N

NI A
2@-@

B

(h16a)d M)

fo [Hz] =

120
W(ases
-
-]
.5100 Baset
& |
gOSO
E 063
= 060
£
H
w 0.40
-]
H
s
2020
0.00
o n o o o wmw o o o 0 9o Cc 9o o 9o o o 9
o N W O Wm 4 0 o meg o n o o o n o o
H =4 A N N M g 0w 0o N W o n;m -+ 0 O
s = N™Nm g

1/3 octave band frequency [Hz]

Fig. 14 Comparison of case 5 and case 6

Table 7 Results of sound absorption test

Frequency (Hz)
Case NRC
125 | 250 | 500 | 1k | 2k | 4k

Case 1 0.24 | 0.60 | 0.82 1 0.71 | 0.75{0.72 | 0.72
Case 2 0.2410.64 | 0.97 | 0.81|0.76 | 0.59 | 0.80
Case 3 0.37]0.76 | 1.03 | 0.99 | 0.93 | 0.91 | 0.93
Case 4 0.4910.96 | 1.07 | 1.06 | 0.89 | 0.71 | 1.00
Case 5 0.67|0.93|1.16|1.14| 1.05{0.93 | 1.07
Case 6 0.630.88 | 1.13 | 1.05| 1.00 | 0.89 | 1.02

7T0,2
b= ©)
where ¢ = sound of speed in air

h = plate thickness
a = radius of hole

d = thickness of air layer
B =
B =

opening rate
distance between holes
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