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An experimental analysis of the sound reduction characteristics
of air transparent noise barriers
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ABSTRACT: The present study describes the acoustical characteristics of the new noise barriers which can
control not only noise but also wind pressure by allowing air flow through barriers. In order to investigate the sound
reduction index of the air transparent noise barrier, 17 models in total were examined with various size of openings
and the volume of the resonators. As a result, it was found that the sound reduction index varies with the volume
of the resonator and the area of the openings. Also, it was revealed that double layer of units has more sound
reduction index than the single layer of unit at the frequency band from 400 Hz to 1250 Hz. This denoted that
physical features of openings and resonators affect the sound reduction index of the air transparent noise barrier.
Keywords: Air transparent noise barrier, Opening, Resonator, Sound reduction index, Acoustic experiment
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Fig. 1. Basic theory of the air transparent noise barrier unit design.
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Fig. 2. The name of each part of the air transparent
noise barrier unit.
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Fig. 3. Shape of the air transparent noise barrier units.
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Table 1. List of the size of the air transparent noise barrier units.

Type Opening Resonator Layer Note
Shape Radius | Area (S) | Width | Height Depth Volume (V)

C-01 circle 0.050 m | 0.008 m*| 0.386 m | 0.327m | 0.035m 0.0041 m’

C-02 circle 0.050 m | 0.008 m*| 0.386 m | 0.327m | 0.053 m 0.0062 m’

C-03 circle 0.050 m | 0.008 m*| 0.386 m | 0.327m | 0.070 m 0.0083 m’

C-04 circle 0.075m|[0.018 m*| 0.386 m | 0.327m | 0.070m 0.0076 m’

C-05 circle 0.050 m | 0.008 m*| 0.386 m | 0.327m | 0.130m 0.0154 m’

C-06 circle 0.050 m [ 0.008 m* | 0.274m | 0.327m | 0.070m 0.0057 m’

C-07 circle 0.075m|0.018m*|[0.270m | 0.230m | 0.100m 0.0044 m’ :

TC-01 | divided circle |0.050 m | 0.004 m*|0.386m | 0.161m | 0.070 m 0.0041 m’

TC-02 | divided circle |0.050 m |0.004 m*|0.274m |0.161m | 0.070m 0.0028 m’

TC-03 | divided circle |0.075m|0.009 m*{0.270m |0.110m | 0.100m 0.0021 m’
HC-01| halfcircle |0.050 m|0.004m*|0.386 m |0.161 m| 0.070 m 0.0041 m’
HC-02| halfcircle |0.086m|0.012m*|0.386 m |0.327m| 0.070 m 0.0080 m’

CC-01 circle 0.050 m | 0.008 m*| 0.386 m | 0.327m | 0.070 m * | 0.0083 m’ [0.0083 m’] circle

CC-02 | combined type |0.050 m | 0.004 m*|0.386m | 0.327m | 0.070 m * | 0.0129 m’ [0.0044 m’] circletdivided circle
CC-03 | combined type |0.050 m|0.004 m*| 0.274 m | 0.327 m | 0.070 m * | 0.0091 m® [0.0031 m’] | 2 | circle+divided circle
CC-04 | combined type |0.075 m | 0.009 m*{0.270m | 0.230m | 0.100 m * | 0.0083 m’ [0.0031 m’] circletdivided circle
CC-05 | combined type |0.130 m | 0.027 m*|0.452m | 0.194m | 0.118 m * | 0.0129 m’ [0.0057 m’] half circle

* : depth of single unit, [ ] : volume of rear resonator
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Fig. 4. Setup of sound reduction index measurement
devices.

ok Al A BE i AR A
Al A2 = o SRAANAE 52 2 2]
O UH|ef o5 £
A2 E A 2] 37]= 7 1.96m, A2 1.005m= A
2.2 0F 1,97 mo]H A|Z2] FA41=0.035 mEE] 0.24m
2 - oheFsiet e Alme AR 7o)
4|5 AA2t 7 Sl AFAE LZAIF o
ATE R npgtsiqich

A= 20154 39 2425 E] 20154 11 27
2] & 303] o]4fo] Aol K= leh AH
O] Stk o ZRFAITE BAHRT wia)
so|m v 7 A-8-2 500 Hz 2 1000 Hz T &
14.1 dB3} 14.8 dB. 2 LyelytTh.

o
ol
o

N

g

4

AN 1B
> R
CR |

ne
Y 2
i

>,
JO  E
R

i

o
12

=2
>
o, -
EVEN

Fig. 5. Picture of the installed air transparent noise
barrier in the reverberation chamber.

of i JHE wWAlol mE 25

WEH o] TR E B4 e 2

G =
T2 Al 4k dob 7] f1ste] 7|5 A s

ox
2
=
o
a4
juic)
2
Shs
1

495

Table 2. Measurement devices for sound reduction
index test.

No. Device Model
Real time analyzer|  PAK MK II, MULLER-BBM
1/2“ condenser mic. 40AE, G.R.AS.
Sound level calibrator Cal-02, 01 dB

CONA V2-5000, Inter-M

Loud speaker DOI12, FALM / SRX 725, JBL

1
2
3
4 | Power amplifier
5
6

Control PC Workstation Xeon 4

Rectangular type (ISO 10140-5 type)

Reinforced concrete structure

7 Reverberation Wall thickness: 250 mm
chamber

sound source room: 57.02 m’

Volume

. 3
receiver room: 57.02 m
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(© opened opening and surface

Fig. 6. Opening type of the air transparent noise
barrier units.
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Fig. 8. Comparison of the sound reduction index of type C.
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Fig. 7. Comparison of the sound reduction index by
opening type.
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Table 3. Measurement result of the sound reduction
index of type C.

Frequency Model of the specimen
(Hz) C-01 | C-02 | C-03 | C-04 | C-05 | C-06 | C-07
100 98 | 98 | 93 | 74 | 88 | 76 | 58
125 55 149 | 58 | 39 | 36 | 46 | 23
160 83 | 73 | 7.1 | 55 | 41 | 57 | 47
200 59 | 40 | 38 | 32 | 29 | 39 | 22
250 23 100 [ 13 |16 | 70 | 1.7 | 14
315 38 | 54 | 95 ] 22 [ 182 33 | 21
400 16.1 | 210 | 2471 ] 95 | 274|104 | 15
500 164 | 20.6 | 224 | 164 | 26.8 | 19.7 | 2.6
630 20.0 ] 22.5 | 234 | 16.7 ] 265 | 23.8 | 5.1
800 17.5 1 192 | 204 | 16.0 | 27.2 | 229 | 89

1000 13 14 [ 126 ] 89 | 156 | 142 | 17.0]
1250 12.1 | 125 | 146 | 9.7 | 150 | 12.8 | 129
1600 13.0 | 13.6 | 150 | 98 | 142 | 133 | 8.1
2000 139 | 144 | 159 | 102 | 13.6 | 123 | 82
2500 134 | 141 | 143 1105 | 159 | 13.7 | 75
3150 13.6 | 142 | 14.1 | 10.1 | 153 | 13.1 | 73
4000 140 | 142 | 147 | 10.1 | 159 | 133 | 6.9
5000 135142 [ 144 | 99 | 152 | 126 | 72
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Table 4. Measurement result of the sound reduction
index of type TC and HC.
——TC-01 ——TC-02 —&—TC-03 Model of the specimen
—S—HC-01  —¥—HC-02 Frequency Type TC Type HC
(Hz)
©8) 4o TC-01 | TC-02 | TC-03 | HC-01 | HC-02
' 100 9.6 8.8 5.9 8.9 9.8
@ 350 [ 125 5.1 3.5 2.1 49 49
> 160 6.2 45 3.6 6.9 6.2
2 300 200 32 32 2.0 32 3.4
= 250 4.0 0.7 1.0 25 2.3
=] 315 12.0 5.8 24 8.1 17.8 |
E 400 19.9 7.7 1.6 20.0 16.2
3 500 22.8 16.5 2.4 2.7 132
= 630 24.0 23.2 6.3 244 7.8
5 300 195 | 23.8 11.9 192 | 178 ]

& 1000 13.4 15.0 20.4 12.8 11.8
1250 15.0 12.7 14.0 13.6 10.0
0o = '% P — 1600 14.5 13.7 8.6 14.0 113
R RO S R U‘?’ﬂ“h\ \5‘33;53” 2000 164 | 129 | 83 | 162 | 120
Frequency ‘HI} 2500 14.5 135 7.5 13.9 113
3150 152 133 7.5 147 11.6
Fig. 9. Comparison of the sound reduction index of 4000 15.0 13.6 75 142 10.9
type TC and HC. 5000 14.8 12.6 7.0 14.1 11.0
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Fig. 10. Comparison of the sound reduction index of
type CC.
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Table 5. Measurement result of the sound reduction
index of type CC.

Frequency Model of the specimen
(Hz) CC-01 | CC-02 | CC-03 | CC-04 | CC-05
100 10.7 10.5 9.4 6.3 7.5
125 54 52 3.9 2.3 1.7
160 5.0 4.6 43 3.9 33
200 2.3 3.2 1.6 1.4 8.5
250 4.6 6.4 1.8 -0.5 9.7
315 8.7 13.9 8.1 3.0 13.2
400 30.0 32.4 10.7 34 25.7
500 23.0 30.3 26.6 2.7 346 |
630 30.7 33.0 29.9 4.8 31.5
800 23.6 23.5 32.2 15.8 24.1
1000 13.9 13.6 16.6 31.6 154
1250 16.4 16.4 14.1 14.9 19.6
1600 16.3 16.2 14.2 10.0 16.8
2000 18.7 18.4 14.1 104 19.0
2500 16.8 16.8 16.5 8.5 15.2
3150 16.6 17.3 15.0 8.6 15.7
4000 17.6 18.0 15.1 9.0 15.5
5000 17.4 17.4 14.0 8.7 14.8
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