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Abstract & ?”

The functional soundproof wall is composed of a sound afsorption a filter
function and flat panel for the top, a zigzag-shaped soun sg effects were
verified through simulation, and a flat panel for the al soundproof
wall is 2 m wide and 2 m high, and it will be ms 5 m, forming the
bottom, and will then be tilted by 30° from 1.5 m, g the to %fse will be generated
at the distance of 2 m, 3 m and 4 m fro funct dproof wall, and the
measured noise will be classified into refle@md anc cted sound. The reflected
sound will be measured for each helght fr d 4 m at the distance of 6 m,
while noise measured in front of I WI|| also be collected. The

e

experiment result showed that the a nois tion effect by approximately 4 dB
according to the composition. s of corpposition, the soundproof wall composing of
the sound absorption panel he shapét dproof panel showed excellent reflected
sound reduction effects, while the sou wall consisting of the filter showed overall
excellent noise reductionieffgcts. On t er hand, reflected noise and diffracted sound
reduction effects of ped soundproof wall were shown clearer as the distance from
the noise source KQ ger, at the distance of 4 m. The composed soundproof

wall was eff t e redum leCted noise and diffracted sound. More importantly,
the compo‘eo the bsorptlon panel and the shaped soundproof panel showed
excellent re eeted noi tlon effects, while in the case of composing with only the
shaped soundproof ~the reflected noise reduction effects began to be shown from 4

m from the noise . Therefore, it is expected that the relevant soundproof measures
can be used in @d effectively.

Keyw: haped soundproof panel, Zigzag soundproof panel, Absorptive Panel,
Refle ise, Diffraction sound

troduction

A soundproof panel is a facility that reduces damage to the surrounding area by
insulating against sounds generated from a noise source through blocking, absorption, and
diffraction. It is also mainly installed on roads where a certain level of noise is generated.
Generally, a vertical soundproof panel can be imagined. However, it is classified into
various types according to the shape on the top, the material, and the function [1]. The
shape on the top part is classified into bent type, curved type, T-type or Y-type, reserve L-
type, and cylindrical-type (sound absorber) [2]. The sound insulation effects according to
the shape on the top part were replicated through numerical simulations, and it has been
reported that a more complicated shape brings higher sound insulation effects [3, 4].
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The sound insulation effects according to the front shape of the soundproof wall have
been evaluated from field experiments prior to the development of simulation technology,
and it has been reported that the uneven scattered-type structure showed excellent
reduction effects. The simulation for the shaped soundproof wall was carried out by the
research team through the replication of road conditions for the reflected noise effects of
wing-type, zigzag-type, and curved type, and the maximum sound insulation effects were
obtained through detailed design factors [5~8].

Recently, air pollution due to fine dusts is getting worse in the country, and has already
influenced the industrial complexes, surrounding areas of the roads, as well as on a
nationwide scale, so countermeasures for such problems are urgently needed. More
importantly, because fine dusts generated on the roads result from friction with the road
and fuel emissions from traveling vehicles, it is expected that the atmosphere of the
country will deteriorate considerably within a certain period of time because of stable
vehicle distributions and operations. Therefore, the installation of a facility that cano
reduce air pollution on the road should be considered, and the utilization of s
walls, which already exist, would be most effective in this area [9].

In this study, the functionality of the soundproof wall for reducing that with a
filter panel was established and its sound msulatlo cl‘s we ed The
soundproof wall consisted of the filter panel and the pe oun of panel was

evaluated in effectiveness for reducing reflected r, its soun ation sound. It

was also compared with the flat soundproof wall régarding the \ywsulatlon effects. In
the co ’%0 ition of combination

this study, the sound insulation effects according
including filter panel, shaped panel and fl el Were@npared and the detailed

purposes are as follows. \

1. Comparison of soundproof eff \Q ween, e composition according to the
distance from the noise source e%

2. Comparison between th f| nel effe&\ d the shaped panel effects

3. Comparison of reflec% per Iael

4. Evaluation and compari ulatlon effects in front and rear of top
filter and diffracted sou the re

2. Methodolog)’\\o %

2.1 Produ” Filter uIe
A filter pa orr dust has the size of 1830 x 340 x 60T with the multi-
layered structure of ostatlc mechanism in polypropylene, which was produced by
DEAYOUNG r. This filter has a hydrophobic property, so repels water and
dehydration, a@ also has a mesh structure that has excellent air permeability.
Therefore, the adSorption by air current in the site and its maintenance were considered.
For \&bed panel, the evaluation result of soundproof walls in various shapes
thro % simulation method was adopted, and its reduction effects were confirmed
a field experiment in a previous study [7]. The sound insulation effects of the
“panel and the shaped panel were compared with the flat as the control group.
he soundproof wall was installed separately into the top soundproof wall and the
bottom soundproof wall. The total length of this soundproof wall was 2 m and it was
installed upright up to 1.5 m to form the bottom panel, while it was tilted by 30° from 1.5
m for the length of 0.5 m. This is a physical design to reduce the reflected noise or
diffracted sound delivered to high-rise buildings, supported by various relevant studies
and actual installation cases [1, 2, 10].
The composition of the top soundproof wall included the filter panel and the flat panel
were replaced according to the experiment conditions, and the composition of bottom
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soundproof wall included the shaped panel and the flat panel were replaced as follows
according to the experiment conditions (Table 1).

Table 1. Soundproof Composition by Top and Bottom Part Change

Top Filter-Bottom plane Top Plane-Bottom Plane
(Fil-P1) (PI-PI)

Top Filter-Bottom Shaped | Top Plane-Bottom Shaped
(Fil-Zi) (P1-Zi)

The location of microphones with the purpose of evaluating the sound insulation was
shown in Figure 1. The thick line in the middle is the soundproof wall produced in this
study. The upright part is the bottom part and the bent part at the top is the top a\l’%&‘
sound insulation was evaluated separately into the reflected noise, noise right e
soundproof wall, and the diffracted sound. The microphones were installed

and 4 m high at 6 m away from the soundproof wall in order to eval eflected
noise. The microphones were installed in front of and at of the roof wall in
order to measure the noise reduction effect in front an réar ndproof wall.

The microphones were installed 1 m and 3 m hj m distanceNfor evaluating the
reflected noise. For the generation of noise, white was g&%{ dat2m,3mand 4
m distance and the measurement frequency ba@as 63 T 20:000 Hz, 1/3 octave band.

O

N\

............ I

m
o Noise source
L™ S Gy S S S S S Pt e . Rexevers
3 m &m

O£ Figure 1. Scheme of Noise Source and Receiver Set
It and Consideration

3.1. Evaluation of Reflected Noise: Comparison of Measured Noises by Height
According to a Change in the Distance from the Noise Source

The average measured noise for the distance from the noise source was shown in
Figure 2a. The combination showing a low generated noise was (top filter+bottom
shaped), which showed 74.1 dB on average for the height. In case of other combinations,
a lower noise was shown in order of (top filter+bottom flat) < (top flat+bottom flat) ~
(top filter+bottom flat) in consideration of average noise level, although it varied partially.
A relatively high noise level was shown at the height of 2 m and 3 m. Except for the
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combination of (top filter+bottom shaped), the noise at the height of 2 m was highest. The
combination of (top filter+bottom shaped) showed the highest noise at the height of 3 m.
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Figure 2. Reflec%Noise @by Composition at 6 m Distance

. : th(%&ta ce of noise sources)

AN\

shown in 2b. | cases, the combination of (top filter+bottom shaped) also
showed the [6West noisk a74.3 dB, while a lower noise was shown also in order of (top
filter+bottom flat) flat+bottom flat) < (top flat+bottom shaped). Generally, the
highest noise w, ured at the height of 3 m and the combination of (top flat+bottom
shaped) showe gh noise also at the height of 4 m. The same trend of noise occurrence
was sho the 3 m distance and the average noise of the combination (top
filter+b shaped) was 74.3 dB (Figure 2c). A different trend was shown at the 4 m
dist ere the noise occurrence was furthest (Figure 2d). For the average measured
fiokse e combination of (top filter+bottom shaped) showed 73.7 dB, which was slightly
OwWer. However, the combination of (top flat+bottom shaped) also showed a low noise as
74.0 dB, and the lowest measured noise was recorded at 1 m and 2 m high very closely.

N Qh  J
The cas@@nce of 2 mWherein the noise occurrence was relatively close was

By assuming that the reflected noise was measured aside from the noise generated from
the noise source, the combination showing the highest reflected noise reduction was (top
filter+bottom shaped). Except for that, a higher effect was shown in order of (top
filter+bottom flat) < (top flat+bottom flat) < (top flat+bottom shaped), but (top
flat+bottom shaped) showed an excellent effect when the noise source was far away.
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3.2. Evaluation of Reflected Noise: Filter and Shaped Effects

The representative effects were compared by calculating the average between the
combinations with the panel as each element technology. In other words, "filter" as the
average between (top filter+bottom flat) and (top filter+bottom shaped), "top flat" as the
average between (top flat+bottom flat) and (top flat+bottom shaped), "bottom flat" as the
average between (top filter+bottom flat) and (top flat+bottom flat), and "shaped" as the
average between (top filter+bottom shaped) and (top flat+bottom shaped) were considered
as the effects of each composition, and the average of the relevant composition is shown
in Figure 3 for each distance from the noise source.
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Figure @ected Noise Barrier by Element Panel at 6 m Distance

l (a~d: the distance of noise sources)

A&he average measured noise for the distance from the noise source was shown
3a. The filter effect showed the lowest noise as 75.4 dB, and the shaped showed

ose effects as 76.0 dB. Then, a lower noise was measured in order of bottom flat <
top flat. The measurement result for 2 m distance from the noise source was shown in
Figure 3b. The filter showed the lowest measured noise value as 75.7 dB. Then, a lower
noise was shown in order of shaped < bottom flat < top flat, and the range of numerical
value was between 77.0 dB and 78.8 dB. At 3 m from the noise source, a difference for
each of the effects was clear in order of filter < shaped < bottom flat < top flat (Figure
3c). In case of noise occurrence at 4 m, the shaped panel showed the highest effects in
order of shaped < filter < top flat < bottom flat. (Figure 3d) This showed that the effects
of shaped panel were higher as the distance from the noise source was longer.
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3.3. Evaluation of reflected noise: Effects by height

The trend of noise occurrence according to the distance where the noise source was
created was summarized in Figure 4 separately into the flat (bottom) and shaped
(bottom). At first, in the case of the flat, a high noise over 78 dB based on the height of 2
m was measured, and a relatively low noise was shown at the height of 4 m. In case of the
shaped, a relatively high noise was shown near the height of 3 m, although a low noise
was recorded generally in comparison to the flat. More importantly, when the noise
source was at 4 m distance, the measured noise was 73.9 dB on average, showing a 2.8 dB
decrease in comparison to 76.7 dB for the flat. Also, a significant difference of 3.4 dB
was shown near the height of 2 m. In other words, it was confirmed that the reflected
noise jamming effects of the shaped soundproof wall showed the noise reduction @so

when the distance from the noise source was 4 m. v
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Figure 4. Co ison of%ped and Plane Panel by Distance

NEED

Accordi igur; mmarizing the measured noises for each combination
according toxthe height mbination of (top filter+bottom shaped) showed the highest
effect for the reflec e. For the height, a relatively low noise was measured at 1 m

combination o s in the soundproof wall. In other words, the combination of the

and 4 m, and t e measured at 4 m high was significantly influenced by the
filter andithﬁ shdped showed the lowest noise while the combination of the flat and the

shaped s a relatively high noise.

Q)O
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3.4. Evaluation of Diffracted Sound: Noise Ev@n Fron f d Rear of the
Filter

The noise level was compared by installin ise-meas vice in front of and at
the rear of the top panel (Figure 6). W éQfllter \X@talled there was a noise

difference of 9.9 dB between the front a of n average, although it varied
according to the distance from the urc @ other hand, the flat showed a
difference of 20.3 dB so that the i Ioss b& at, which had the sound insulation
effects, was also significant. A as co that the insertion loss was higher in
case of the bottom shaped. ‘Ng%ssumedt is resulted from a certain synergy effect
between the filter panel and the shap However, it was confirmed that there was
no significant dlfference e inserti s between the front and rear of the top panel

acted soupd measured at 3 m from the rear.
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Figure 6. Insertion Loss Directly after Top Panel by Composition
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3.5. Evaluation of Diffracted Sound: Comparison of Rear Diffracted Sound

Low noise measured right at the back of the top panel was recorded since the flat panel
showed a significant insertion loss, but the noise measured at 3 m rear regardless of
combination (Figure 7). At this time, the noise measured at the rear was 63.1 dB at 1 m
and 65.5 dB at 3 m, and in consideration of standard deviation, there was no significant
difference for each combination (Table 2). The effects according to the type of top panel
are temporary, and the diffracted sound effects at a certain distance from the rear don't
seem to be influenced significantly by the type of top panel or the reflected noise.
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Figure 7. Diﬁract%@ud fror@)ise Barrier by Composition
Table 2. The Aver viation’&ombination in Diffraction Sound (dB)

.2 11 13 1.6 11

4. Conclusi@

In thi the reflected noise and diffracted sound were evaluated and compared for
the s of wall composed through the combination of filter panel, shaped soundproof
d flat soundproof panel. The zigzag-type shaped soundproof panel was applied
%s reflected noise reduction effects have been confirmed in previous studies. The
conClusion according to the purpose of this study is as follows.

1. Comparison of reflected noise reduction effects between each composition
according to the distance from the noise source:

The reflected noise reduction effects were compared by combining 4 combinations
including (top filter+bottom flat), (top flat+bottom flat), (top filter, bottom shaped) and
(top flat, bottom shaped). In the comparison according to the distance from the noise
source, the combination of (top filter+bottom shaped) showed the highest reflected noise
reduction effects. Also, the combination of (top flat+bottom shaped) showed no reduction
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effects when the distance from the noise source was 2 m and 3 m, but it showed the
equivalent reduction effects to (top filter+bottom shaped) when the distance from the
noise source was 4 m.

2. Comparison between the filter panel effects and the shaped panel effects

When the reflected noise reduction effects of each composition were compared, the
effects of the filter panel were the highest. This showed that the sound insulation effects
of the filter panel created a certain synergy effect along with the basic reflected noise
function. Meanwhile, the effects of the shaped panel were higher than the effects of the
filter panel when the distance from the noise source was 4 m. In other words, a relatively
excellent reduction of reflected noise can be expected from the shaped panel when a
proper distance from the noise source is given.

3. Comparison of reflected noise per height \/0
In case of the flat, a similar noise was created according to the distance f
but in case of the shaped, a relatively low noise was created when the di s the

noise source was 4 m.

4. Evaluation and comparison of sound insulati cts |n nd rear of top
filter and diffracted sound in the rear

Insertion loss in front of and rear of the soundp that is, the sound
insulation effects was higher at the flat, w, @as the ed panel The filter panel
showed insertion loss below 10 dB by cd ng it a sorbed type. However, noise
measured at 3 m at the rear showed al srmrla egardless of the composition of
soundproof wall. This was becaus ndi |n effects of the filter panel and the
reflection effects of the flat refI C anel ha r influence on the diffracted sound.

The soundproof wall ca create refl |se or diffracted sound reduction effects
according to its front s materra structure. The filter panel for reducing dust
functioned as the ads soundpraef panel and showed the reduction effects through the
interaction with re r\% noi the shaped zigzag type soundproof wall started to
show the ref se effects m distance from the noise source.
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