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ABSTRACT: Sound barrier walls are one of the most effective alternatives for reducing environmental noise on
roads and railways in the city center. The insertion loss of the sound barrier against road traffic noise is the sum
of the sound transmission loss, sound absorption loss, and sound energy reduction due to the diffraction
attenuation of the sound barrier. The sound transmission loss of the sound barrier is one of the important factors
that determine the insertion loss of the sound barrier and is a basic indicator that determines the performance of
the sound barrier. Nevertheless, there is not a separate standard in Korea for measuring the acoustic transmission
loss of sound barrier panels. There are only a few conditions in KS F 4770 series that stipulates on the general
material of sound barrier panels. This thesis examines the necessity of the acoustic transmission loss measurement
and evaluation standards of sound barrier walls, and seeks a measurement method in a free sound field (anechoic
chamber) sound receiving room considering the characteristics of sound barrier walls installed in external spaces,
unlike indoor building materials. In addition, a single number evaluation method using a reference spectrum was
proposed so that the sound insulation effect according to various installation places such as roadside or railroad
side can be easily displayed.
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Table 1. Test method for determining the acoustic
performances of noise reducing devices,

2571

Table 2. Conditions for sound transmission per—
formance in KS F 4770 series (References [4] ~ [7]).

Application Target Stanard No Standards Title Contents
Sound transmission loss . KSF Sound barrier
Me;s;r;;gent measurement for building 150 21821 ? 02 4770-1:2017 | panel- metal |The transmission loss of sound
materials and elements Sound barrier | insulation board should be
Traffic noise reducing devices | EN 1793-2 KSF panel - color | tested according to 8.3 (9.3)
Laborato - 4770-2:2015 metal and it should be 25 dB or more
test vy _ Railway ) —{ for 500 Hz sound and 30 dB or
appllcatlons-Track—No.lse EN 16272-2 KSF Sound barrier | e for 1,000 Hz sound.
barriers and related devices 4770-32018 panel - color | ranemission loss test is in
Road traffic noise reducing |\ (505 ¢ non metal accordance with KS F ISO
devices ) KSF Sound barrier 10140-2.
Field test Railway 4770-4:2018 | panel- wood
applications-Track-Noise EN 16272-6
barriers and related devices A% 200] 712 AT EHLS A A5} o] EAof| T
Normalized traffic noise _ - - - 5
o ENITNS  ghwAlt RIS NSRS sl A
Normalized o — =
spectrum Normalized railway nise o =2 7|4 S A8 a v Sl
spectrum a?,iirsg;gle number | EN 16272-3-1 vl EN O"“E‘ Table Zoﬂ /\‘1 L]-E}ﬂ H]—Q]— 7E].‘Ol ==
Ao AEAS WA o) Bl 2Hu)
AP KSF2808e] AT At el AR 2Bk @A 2R, 7% AvER 5
Reference [8]2] KS ISO 10140 A 2] =& FA43to g ohFet 274 2 F7E Ao AR E o] glek 2-A
220149 9 o] A 2] BAE 1A} EAF RO WA 2 oA A s e 2 S A
2 Fo|9lth. 201795 E 2020 714] 2] = A 2 ¥t o gl A5 Al A =l ik SAhks
3919 o] o NRC 07 o]4J0] F28 R2sas  F AHURIISO 10140 A[ej =28 Mg st
(500 Hz), 300 dB(1,000 Hz) 2] Ex}=A] 71o] 7|2 A% Uth= AollA= =9 A3 HE v §l= A%
o ojs] golgirk oI
OlR % oFy] Fjolli= W2 ST Ao T Reference [9]2] EN F 2 tofl A} iAol diet
3t 24 2o vl E|ojQl x| otk EAolL} 2t M SAFAR ARG A0 At M=
29, na e} B2 FEHo| u)o E5 A & 4 9l Bl 3L 7Hgo}7 | = ohA N A= b Alolehs 2l
L o] ure o] 11 v B Y ol g i o} 2] BRS 3to] & 9slale Ak ol AEA A FHlA
A 240] SFFETILEA] AL =) A2 of Al &< 5 glrke o] ol 9] 2Hibd <]
# 20] irhs A& EAolch chut Table 204 DS A8 T HH 22 NHSALISO 10140
o] vk} 7o uRS To] thopst Hal 2 A Ao o Ag] 29| Z74 o] A2 (Free sound field) 3-& 2]
B AL Tl 9= KS F 4770 A2 2o A & 22 Aol A== i3 ke] 4 kel ohE Al o]
SFFETLEA AN A4S0 g AREla 2k o]t AR = glch 2R T Aed 54
9% Bolck oA SR Al E e A% O FENITS2 oA Y gl vlek 2ol 150
Al A F o] 5 BFARS A A] 3] H] 0] KS FISO 10140 10140-29] A S-37h= 7HE e Sk A Aol A &
A2 22 219511 9T, SFFETREA] H Ao gllof k= A QA 2 ZAIE A7 4= ek
785 S LA ol A= 2014 9] 7)72)00 1 A o]w]
o = oS A =
AAE o) obdlE Hotgls AAolrt o] Y& . YSEe| SeFIEH 58
o oo SARIEA S4S 500 Hz W 1,000
Hz 50} o} gro 2t #AoH: A0 R 408 3.1 58=d
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Table 3. Measurement system.

Measurement system Products

PAK MK II (12 channel),

Real time analyzer Miiller-BBM, Germany

Microphone 46AE (1/2%), GRAS, Denmark

Sound level calibrator NC-74, RION, Japan

Loudspeaker SRX-725, JBL, USA

Table 4. Reverberant chambers,

Aol st A 305

Anechoic

Chamber I

Fig. 1. (Color available online) Layout of test chambers,

RCI (Large rev chamber)

RCs (Small rev chamber)

Specimen No 1

BT
|

BTN\ At/

> s TN

Specimen No 2 Specimen No 3

™

Volume : 325 m’ Volume: 249 m’
Floor area : 64.2 m* Floor area : 43.7 m’
Cut off frequency : 80 Hz Cut off frequency : 100 Hz
Background noise : 20 dBA | Background noise : 20 dBA

Std. Dev. : £1.5 dB/100 Hz Std. Dev : +1.5 dB/100 Hz

Table 5. Anechoic chamber.

Anechoic chamber

demension (m) : 6.2 x 6.8 x 6.0 (height)
Absorber : Polyurethane
Cut off frequency : 100 Hz
Background noise : 12 dBA
Door Sound insulation : 70 dB/500 Hz

Z7189] 9N EATL SFANBENA S
FREAS ST EW EN o] ofat
0] SFEIEA 20| KSFISO 10140 A 2]
220] o] s AR A £A(10140-5), 544
A(10140-4) 2 ZAHPH(10140) 2 2 g3kt of
L MER FU AR o) 4524 B
AR 2ANHE HHL A3k o
e o] A4 M AR W stel A58

AL 9 Tl o] AJoRE Tables 49} 50 57 A1)
W R) 50570 278 2| 5] A Figs. 1320]
AT

3.2 71E Fzo| WM SHULS £X
FURZENE AFE WA A2 5
A2 917 IS0 10140 AJ2)2% 24 EES B8 A4
of gapRThEAl 240 o2 A4 FHES 145
19k Selubaol A R 7] 20l Kse] )
S35 EEE SO A AL e} ¥ o] Jl=KSF
15010140 A] 2 22 2. 85}7] w0 2] A3}
R 2 & 4 ek A& FA9 A5 A
A 57 3 Q11S0 101402 of A= A E Al o] FH4H
Hreof AlTe] o3t F80] YL 7RIsl7] Sl
= &4 4] Z|(Sound reduction index, R)2] 7l'dS A
&3kl Stk o] gh& th2-9] Eq. (Dol ol Akt
o} o] Aol ol SIS 204 27Ao M 2] =
A AH W 71 A d= Fig 3 2 Table 62 Zth

R= LI—L2+1010g%. 1)
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Source room (RCs) Receiving room (RCI)

Fig. 3. (Color available online) 1SO—10140—2 mea—
surements,

Table 6, Sound reduction index (R).

Freq. Nol No2 No3 No4 NO5
100 17.4 13.1 16.7 15.8 18.3
125 16.6 133 17.0 18.1 19.9
160 18.1 163 19.3 19.5 20.2
200 19.5 18.0 21.9 20.9 21.0
250 22.4 19.9 23.6 234 23.2
315 25.5 239 273 27.0 25.9
400 29.2 279 31.8 31.2 29.2
500 332 313 35.7 35.1 32,6
630 35.5 343 38.1 37.7 36.1
800 349 354 38.8 38.2 35.6
1000 35.7 34.9 38.6 37.2 35.6
1250 394 39.0 42.0 413 38.0
1600 37.5 36.8 40.9 39.0 38.0
2000 39.5 385 43.5 41.5 39.1
2500 374 37.9 433 40.6 38.6
3150 38.9 37.1 44.4 40.1 40.4
4000 38.8 359 45.4 373 42.0
5000 38.5 37.0 45.4 36.3 41.8
Avg.* 31.0 29.5 34.1 322 32.0
Sum** | 48.1 47.1 52.9 49.5 493
* Arithmetic average
** Energy summation
Ly Ao A 9 Bt 54t #lH(dB)
L, g4 9] W 2% 1 (B)
5 A2 WA
415840 FeEm)
33 XIRST +24 70| EnAN &Y
18O 10140-29]| 2J3F S22 S ol 419} 5Lt
S HAHRCs) S ARS8 AT FoFA S 7| B
A& AR shaL T o] A2 23 ol A Rt
& H8e Z3stgc 3289 B S

257

Receiving room

Source room (RCs) (Anechoic chamber)

Fig. 4. (Color available online) Anechoic chamber
receiving room measurements,

Table 7. Sound transmission loss measured at
anechoic receiving room.

No.1

15 | 120
cm | cm

19.3|123.2
23.0|127.4
23.2|127.7
21.8|25.5
23.9130.9
28.1/33.8
31.4|373
35.1140.8
38.2142.6
39.3142.7
37.3]43.8
41.4/48.2
39.4|45.5
41.8/47.1
40.0|144.3
42.2146.9
40.7|46.5
40.0|46.3
33.7|38.9134.0|39.1
50.556.0|51.2{56.1

* Arithmetic average
** Energy summation

No.2

15 (120
cm | cm

19.4|23.8
22.6(27.5
22.6(27.0
20.7(26.3
23.8(30.9
28.3(33.9
31.6/37.4
34.2140.2
38.4(43.4
40.4|45.8
38.5(44.3
42.1(48.4
40.045.9
41.8(47.7
41.8(46.9
42.1(45.5
41.9(43.4
41.3(44.6

No.3

15 | 120
cm | cm

20.5/25.1
23.8|28.9
243|289
23.0|128.4
25.5|32.4
30.4136.7
33.4/39.6
37.6|43.5
41.2|46.3
4241477
39.5146.0
43.9149.8
42.8/48.2
46.0|51.3
46.4|50.5
47.8/52.0
48.9/52.6
47.1/152.6
36.9|42.2
55.6|60.5

No.4

15 (120
cm | cm

21.2{24.0
23.6(29.5
24.6(29.3
22.1(27.4
25.4(32.1
29.8(36.0
33.5(39.0
373]43.2
40.6|45.4
41.1|46.6
38.7145.4
42.8(48.7
40.7147.1
43.6/49.1
43.4(48.4
42.5(47.6
37.5(43.5
37.3|42.8
34.8/40.3
51.6|57.2

No.5

15 1120
cm | cm

21.2125.8
23.7|30.3
25.2130.0
22.6|127.4
24.8|31.5
28.4(34.1
31.1{36.7
34.8140.1
38.5|43.5
39.144.0
36.7|43.1
40.4(46.3
40.1(46.0
41.1(46.6
41.1{46.2
42.7(48.4
43.7(49.2
43.4(49.2
34.4139.9
51.4|56.9

Freq
(Hz)

100
125
160
200
250
315
400
500
630
800
1000
1250
1600
2000
2500
3150
4000
5000
Avg.*

Sum**
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Table 8. Normalized traffic noise spectrum,

f; Hz) L, (dB)
100 20
125 20
160 -18
200 -16
250 -15
315 -14
400 -13
500 -12
630 -11
800 9
1000 -8
1250 9
1600 -10
2000 -11
2500 -13
3150 -15
4000 -16
5000 -18
Sum 0.2

Table 9. Normalized railway noise spectrum,

J; (Hz) L (dB)
100 27
125 25
160 23
200 21
250 -19
315 -17
400 -15
500 -13
630 -12
800 -1
1000 -10
1250 9
1600 9
2000 9
2500 9
3150 -10
4000 -13
5000 -17
Sum 0.2
o] 7| 2B ER I Eq. (2)°f &8l thAl 7HA W=
T A H O 2 S Ao A SR SR A Al
_‘|E_
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Table 10. Single—number rating of transmission loss.

Normalized traffic noise
spectrum

Normalized railway
noise spectrum

Specimen
1L

15 cm

70
120 cm

1L
15 cm

70

DI,
A 120 cm

314 | 362 | 32.2 | 35.0 | 40.1

31.1 | 36.6 | 303 | 349 | 404

33.0 | 385 | 341 | 37.0 | 426

327 | 37.8 | 335 | 363 | 41.7

322 | 37.7 | 332 | 356 | 411
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General Trend in Sound Transmission Loss

65.0

Specimen number

—A— R{I50-10140-2) —@—Anechoic15cm  —g— Anechoic 120cm

Fig. 5. (Color available online) Average value mea—
sured at reverberant and anechoic receiving rooms.
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Measured Transmission Loss and Sound Reduction Index
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Specimen number

R —e=—L1-12

Fig. 6. (Color available online) Difference in TL and
sound reduction index (R).

Trends in Transmission Loss L1-L2 and Sound Reduction Index R

T
-—— LL2(Ag)

——— RIltoRS

— R{AvE)

Frequency bands{Hz)

Fig. 7. (Color available online) General trend in TL
and R.

Average Frequency Bands Level Measured in Reverberant-Anechoic Chamber
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E,
5
E

_——— L2

Frequency Bands(Hz)

Fig. 8. (Color available online) Measurement result
in reverberant—anechoic receiving rooms,
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Table 11, Example of normalized spectrum derived
from 6 actual measurement data.

Road|Road|Road |Road|Road |Road | Aver- |Normalized
K|A|Y | M| B | D | age | spectrum
100 | 55 | 60 | 43 | 43 | 51 | 41 | 49 -28.0
125 | 58 | 58 | 48 | 47 | 52 | 44 | 51 -26.0
160 | 59 | 58 | 50 | 50 | 54 | 46 | 53 -24.0
200 | 71 | 60 | 52 | 52 | 56 | 49 | 57 -20.0
250 | 73 | 61 | 55 | 55| 59 | 55 | 60 -17.0
315 | 75 | 63 | 57 | 57 | 59 | 57 | 61 -16.0
400 | 78 | 65 | 59 | 59 | 59 | 57 | 63 -14.0
500 [ 80 | 65 | 62 | 62 | 60 | 60 | 65 -12.0
630 | 81 | 66 | 65 | 66 | 61 | 62 | 67 -10.0
800 | 82 | 68 | 69 | 69 | 65 | 63 | 69 -8.0
1000| 83 | 69 | 70 | 70 | 65 | 66 | 71 -7.0
1250 82 | 69 | 70 | 70 | 65 | 66 | 70 -7.0
1600 | 80 | 68 | 69 | 69 | 63 | 66 | 69 -8.0
2000 79 | 65 | 64 | 65 | 60 | 62 | 66 -11.0
2500 | 77 | 62 | 61 | 61 | 59 | 59 | 63 -14.0
3150 75 | 60 | 58 | 58 | 55 | 56 | 60 -17.0
4000 | 72 | 58 | 54 | 54 | 52 | 51 | 57 -20.0
5000| 70 | 56 | 50 | 50 | 50 | 48 | 54 -23.0
Sum*| 91 | 77 | 77 | 77 | 73 | 73 | 78 0.7
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Fig. 9. (Color available online) Normalized spectra in
Europe and Korea.
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Fig. 10. Single number rating in Europe and Korea.
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