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ABSTRACT

KEYW ORD

Purpose: The purpose of this study is to evaluate the sound absorption performance for the field application of =% &S5

perforated remodeling panel installed for remodeling of deteriorated absorptive soundproofing panel. Method: In order

Bl 2l2ed ie
g8+

to evaluate the sound absorption performance of remodeling panel, the sound absorption performance of the double
layer sound absorbing system attached with the perforated remodeling panel was predicted using 4 pole parameter, and  Deteriorated Noise Barrier
the sound absorption coefficient was measured in reverberation room. And the evaluation of the sound absorption  Perforated Remodeling Panel

performance for the field application of the perforated remodeling panel was conducted through various design

Absorption Coefficient

parameter analysis. Result: The perforated rate of the perforated remodeling panel should be at least 20% so that the

sound absorption performance did not deteriorate even at a high frequency component of 4 kHz or more. In addition, ACCEPTANCE INFO

the thickness of the air layer and the airflow resistivity of the polyester installed in place of the air cavity hardly affectec  Received May 24, 2018

the sound absorption performance. And, sound absorption performance can be improved even with high frequency ~ Final revision received June 26, 2018

components by installing a sound absorption materials between the deteriorated absorptive soundproofing panel and

the perforated remodeling panel having more than 20% perforated rate.
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Fig. 1. Deteriorated noise barrier
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Fig. 2. Remodeling of deteriorated noise barrier
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Fig. 3. Transfer matrix representation of an acoustic system
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Fig. 4. Absorption system (perforated plate + air gap + perforated

plate + sound absorbing materials)
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Fig. 5. Prediction model of sound absorption performance
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Table 3. Averaged value of predicted absorption coefficient of single
layer absorption system(perforated plate + sound absorbing materials)

Perforated rate(@) [%] | 5 | 10 | 15 | 20 | 25 | 30 | 35 | 40

Averaged value 0.3710.56|0.65]0.70 | 0.72 | 0.74 | 0.75 | 0.75
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Fig. 6. Predicted absorption coefficient of single layer absorption

system(perforated plate + sound absorbing materials)

Table 4. Averaged value of predicted absorption coefficient of
double layer absorption system(RP(remodeling panel) + air gap(207T)
+ perforated plate + sound absorbing materials)

Perforated rate(a) of | 5 | 19 | 15 | 39 | 25 | 30 | 35 | 40
remodeling panel [%]
Averaged value 0.3710.59]0.69 | 0.74 | 0.76 | 0.77 | 0.78 | 0.78
10
_E E 0.8
§ ‘E 06
E N v E 0.4 l
‘é —Uzio% ..... RP .05% ‘é / —0=40% ——RP_25%
g o2 s RE_10% —RP_15%|. | @02 ——RP_30% -eooem RP_35% (—|
2 —=-RP 20% 2 — —RP 40%
0.0 0.0
0 400 800 1200 1600 2000 2400 2800 3200 O 400 800 1200 1600 2000 2400 2800 3200

Narrow band frequency [Hz] Narrow band frequency [Hz]
(a) o=single & 5, 10, 15, 20% (b) o=single & 25, 30, 35, 40%

Fig. 7. Predicted absorption coefficient of double layer absorption

system(RP(remodeling panel) + air gap(20T) + perforated plate +

sound absorbing materials)

Table 5. Averaged value of predicted absorption coefficient of

double layer absorption system(RP(remodeling panel) + air
gap(10~50T) + perforated plate + sound absorbing materials)
Air gap between remodeling panel 10 20 30 40 50
and soundproofing panel [mm]
Averaged value 075 | 078 | 0.76 | 0.73 | 0.71
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Narrow band frequency [Hz]

(a) air gap=10, 20, 30 mm

Narrow band frequency [Hz]

(b) air gap=10, 40, 50 mm

Fig. 8. Predicted absorption coefficient of double layer absorption
system(RP(remodeling panel) + air gap(10~50T) + perforated plate

+ sound absorbing materials)

Table 6. Averaged value of predicted absorption coefficient of
double layer absorption system(RP(remodeling panel) + sound
absorbing materials(20T) + perforated plate + sound absorbing
materials)

Perforated rate(o) of | 5| 4o | 45 | 29 | 25 | 30 | 35 | 40
remodeling panel [%]
Averaged value | 0.43 | 0.65| 0.76 | 0.80 | 0.83 | 0.84 | 0.84 | 0.85
10 10
- = R
& os 8 os |
% 06 a-é-l 06 //
5 o0 . _E 04
g —AG_20T  +eees RP_AB_05% s ——AG_20T  —_RP_AB 25%
502 {Heee RP AB_10% —RP_AB_15%|| § 02 ff|—RP_AB_30% - RP_AB_35%
k] - =-RP_AB_20% E = =RP_AB_40%
< o — < oo

400 800 1200 1600 2000 2400 2800 3200
Narrow band frequency [Hz]

(b) o =single & 25, 30, 35, 40%

400 500 1200 1600 2000 2400 2800 3200
Narrow band frequency [Hz]

(a) o=single & 5, 10, 15, 20%

Fig. 9. Predicted absorption coefficient of double layer absorption
system(RP(remodeling panel) + sound absorbing materials(20T) +
perforated plate + sound absorbing materials), RP_AB : with sound

absorbing materials

Table 7. Averaged value of predicted absorption coefficient of
double layer absorption system according to airflow resistivity of
sound absorbing materials

airflow resistivity(<2) [Pa s/mZ] 1,000 | 2,000 | 3,000 | 4,000 | 5,000
Averaged value 0.80 | 0.81 | 0.82 | 0.83 | 0.83
10 10
- S, =
S 08 L 2os
S 5?7 K]
= ; =
T 06 206
g j g
5 o0a _5 0.4
S 5
[ 2
G 02 —0=1,000 e 0=2,000 g o2 —0=1,000 - (1=4,000
a4 - --0=3,000 i - - -0=5,000
< 00 1 < 00 T S
0 400 500 1200 1500 2000 2400 2300 3200 0 400 B00 1200 1600 2000 2400 2800 3200

Narrow band frequency [Hz]
(b) Q=1000, 4000, 5000

Narrow band frequency [Hz]
(a) ©Q=1000, 2000, 3000

Fig. 10. Predicted absorption coefficient of double layer absorption

system according to airflow resistivity of sound absorbing materials
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Table 8. Specification of test specimen

I New Soundproofing| Perforated rate(o) | Sound absorbing
tem .
panel of perforated plate material
o Absorptive 4 types(0.8T) Polyester
Deseription | 1 minum panel | (14, 23, 33, 46%) | (24K, 20T)
Perforated 14% 23% 33% 46%
plate 3o, 10p) (50, 10p) 62, 10p) (59, 7p)
Description

Fig. 11. Measurement setup

Table 9. Measurement cases in reverberation room

Case Description of measurement cases

Case01 | New Aluminum soundproofing panel

New Aluminum soundproofing panel + Air gap(20T) +

Lol Remodeling panel(Perforated rate : 46%)

New Aluminum soundproofing panel + Air gap(10T) +

Ll Remodeling panel(Perforated rate : 33%)

Description of measurement cases

New Aluminum soundproofing panel + Air gap(20T) +

(Cost: Remodeling panel(Perforated rate : 33%)

New Aluminum soundproofing panel + Air gap(20T) +

R Remodeling panel(Perforated rate : 23%)

New Aluminum soundproofing panel + Air gap(10T) +

Lol Remodeling panel(Perforated rate : 14%)

New Aluminum soundproofing panel + Air gap(20T) +

Ll Remodeling panel(Perforated rate : 14%)

New Aluminum soundproofing panel + sound absorbing materials

Gzl (24K,20T) + Remodeling panel(Perforated rate : 46%)

New Aluminum soundproofing panel + sound absorbing materials

Lol (24K,20T) + Remodeling panel(Perforated rate : 14%)
Old Aluminum soundproofing panel (40% removal of absorbing
Casel0 I .
material inside the new aluminum soundproofing panel)
Casell Old Aluminum soundproofing panel + sound absorbing materials
(24K,20T) + Remodeling panel(Perforated rate : 46%)
Casel2 Old Aluminum soundproofing panel + sound absorbing materials

24K.20T) + Remodeling panel(Perforated rate : 14%
(24K,20T) g panel( )

Table 10. Test instruments

Item FFT Analyzer Microphone Speaker

Description | B&K Pulse 3560C | PCB 50mV/Pa | Look Line DL-302
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