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An Experimental Study on Measurement Reliability
for the Sound Insulated Wall

Hi Mo, Goo

Department of Mechanical Engineering

Graduate School of Korea Maritime University

Abstract

Many types of walls are being developed in order to meet the noise
standards which have been strengthened recently. Verification for walls
developed for meeting the standards is generally done by evaluating
various performances including sound insulation performance through
laboratory method, and the sound insulation performance, which is one of
evaluation standards, is an important criterion for evaluating indoor noises
in residence areas surrounded by walls.

Standard laboratories, in which evaluation of sound insulation of walls
are made, are generally classified into an indeterminate form type and a
rectangular type according to the shape of laboratories, and rectangular
type laboratories are widely used recently due to the sound field
characteristics similar to that of residence spaces. When experiments are
performed at rectangular type laboratories, however, standing waves are

- viii -



generated due to the symmetric shape of indoor boundary surfaces. The
standing wave generated in this environment can cause superposition of
indoor sound field modes, generating deviations in sound pressure in the
room, and this deviations in sound pressure in rectangular type
laboratories can negatively affect the results of sound insulation
performances.

In this study, research has been made on the method for reducing
deviations in sound pressure which are generated at ISO type rectangular
laboratories when measuring sound insulating performance of walls.

First, in order to verify the effects according to the sound absorbing
power of a sound receiving room, differences in sound insulating
performance were investigated for an empty reverberation room and a
reverberation room with sound absorbing material installed.

Second, the positions of a speaker for advantageous forming of diffuse
sound field were identified through the indoor sound pressure distribution
characteristics according to the positions of the speaker.

Third, effective measuring points which are similar to average value of
indoor space were identified through the indoor sound pressure distribution
characteristics according to the position of the microphone.

Lastly, the effects of flanking transmission which is transmitted by the
walls of the laboratory were identified.

Methods for reducing the deviation in sound pressure by controlling each
of these effect factors were verified through the research, and it is
proved that the undervalued sound insulation performances can be
improved on the basis of the methods provided by this study.

KEY WORDS: Sound insulation x}<-; Sound reduction index <3 7F4] A<= Room
<]

mode AW =Z; Modal overlap ®E= 3; Standing wave AA3}; Flanking

transmission Z231ES;
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Table 2.1 Sound absorption coefficient according to sound incidence

conditions
No. Classification Measurement standards

! Vertical incidence sound ISO 10534,
absorption coefficient (a ) KS F 2814

5 Incline incidence sound
absorption coefficient (« 4)

5 Random incidence sound ISO 354,
absorption coefficient (a ) KS F 2805

a4, o & Y (open cell, close cel), FAE
ARsH et FaE s SolUA Y o] Bow A3 Adsol RolAA "ok
olHH WA WFol] S He FAE ARG Alde FER ok
HhAL 2 B3 2474 aEE A E AAskE o] Fasit

Ay FFEAIY LFANE BHOE AEStE F5AEE v dE AE,
A48 F20, 7HE TH 2ol FE AR A w EFete AU B

JE FLAR F WA UF FLAZ AY Pol AgIE 2 KW
gzt g thgd Aol oled AR Ags] FLAY T A%, 2
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Table 2.2 Classification of sound absorbents ®

Absorption
No. Type Products Structure haracteristi
characteristic
. \\
Glass wool, ‘ \ a
1 CelluLar Mineral wool, AN\
material
Sponge \ 4
\\\ \
Airgap |, \ a
o | Tabular Plywood,
material | Gypsum board R /\ .
% ‘\\\ /
> s
4 N
Airgap |, k o
Curtain .
3 | aterig | Vinyl sheet s /\
\ f
T \\\\ V
N
N\
| AN
Airgap \\
Perforated| Perforated plywood, | AN @
4 tabular Perforated aluminum \ ‘
material | plate F
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3.2 ¥A9 A= 5 HIL

3.21 Ry H7IH
Ao g A e UedE @Y F7AS F shUE SO 717-1 2 =
Y 74 KS F 280894+ 7}5H(weighting method)ell <& H7lgH o

Z Table 3.39] Ry(weighted sound reduction index) =4S A3t Q).

o] FANA HrUY Fu HeE U3 SEH WMo BFoe
3,150) Hz, 1/1 SEtE wEe] Ao (125 ~ 2,0000 Hz2 @dx F7}
o ok We1E AR vk AFA 54 A dEd s
MET A3 ER st Sith Prbg ASHEE NEIAS $H38)
Sata] 71234 ol e RE FuFgdgE A ME
W 2}o] FAZF 1/3 SERE WE=Rl A S
& ol o8 71EFA e FaolFol $RHUL W 500Hzo Mo Fohia
o] ddFA HIIFRWOE HrFEAG. o] g HIie} tEo] HQo ue

Table 3.29] ~HE7 Z7#3Hadaptation term)S Z &A|AA AAHSch Auk
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Table 3.1 Relevant spectrum adaptation term for different types of noise

source

Type of noise source

Relevant spectrum adaptation term

Living activities (talking, music, radio. tv)
Children playing

Railway traffic at medium and high speed
Highway road traffic > 80 km/h

Jet aircraft, short distance

Factories emitting mainly medium high
frequency noise

C
(spectrum No. 1)

Urban road traffic

Railway traffic at low speeds

Aircraft, propeller driven

Jet aircraft, large distance

Disco music

Factories emitting mainly low and medium
frequency noise

tr

(spectrum No. 2)
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Table 3.2 Sound level spectra to calculate the adaptation terms

Sound level (dB)

Frequency
) Spectrum No. 1 to calculate ' | Spectrum No. 2 to calculate (.
One-third-octave Octave One-third-octave Octave
100 -29 -20
125 -26 -21 -20 -14
160 -23 -18
200 =21 -16
250 -19 -14 -15 -10
315 -17 -14
400 -15 -13
500 -13 -8 -12 -7
630 -12 -11
800 -11 -9
1,000 -10 -5 -8 -4
1,250 -9 -9
1,600 -9 -10
2,000 -9 -4 -11 -6
2,500 -9 -13
3,150 -9 - -15 -

Note - all levels are A-weighted and the overall spectrum level is normalized to 0 dB
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Table 3.3 Reference values for Ry curve

Reference values (dB)

Frequency
(Hz) One-third-octave bands Octave bands
100 33
125 36 36
160 39
200 42
250 45 45
315 48
400 51
500 52 52
630 53
800 54
1,000 55 55
1,250 56
1,600 56
2,000 56 56
2,500 56
3,150 56 -
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3.2.2 STC H7HY

HA o] A5 Aes UElE @Y H7MAF 5 hE ASTM E 413914
= 7}=(weighting method)oll 93+ 7Py o2 Table 3.49 STC(sound
transmission class) A& Al¢kstal ot STC 7|&3A4S 13 SEHE W=
o] A% (125 ~ 400Hz7}A]+= 15dB, (400 ~ 1,250)Hz7}A]+= 5dB <7}s}
o 1,250Hz o]l e HEd 54 Bl 1l SeEXE W=e 49 (125
~ 250Hz7}Al+= 9dB, (250 ~ 500)Hz7FAl= 7dB, (500 ~ 1,0000Hz7}A] =
3dB, (1,000 ~ 2,000Hz 7}A= 1dBe ZS7F 5AS Hlg. STC HI7IEHLS
A vt 1S Rokolle ALHA L dow, FE S EokAdn
ZHWE S)evt L= Ut

AAH Hrh wEe 3219 Ry BrbE A FAI, @A BT
I W29t 8dB #&E AL3tt= AHo| Ry HU/FHY BluEE Holth R, ¥
7S B7F Fae H9i7F 100 ~ 3,150)Hz<l ¥k STC B7bE-2 (125 ~
4,000Hz7kA] @7kttt Z12]al Ry H7HHCA oo wel H85H= 2HE
W BRSO ) dalel 8dB FHe Agstd Frlem ok

¥
4»

ANV

O

MAlel Eed 23 ARE PR AF FSASRGTO WY PEe
g3 2tk WA STC 71234L FA42 o 5ate] 71224 ofee 9
5% Fu ool Ened g 7)E3A%e] ke W ghel @A) 13
SEPE WES ASE 328, 11 SEE WEQl F9E 10BE z2vebE
93 ol 34 Fusel Al AR3 SEE el (125 - 4,000HzE
Fohe A5 16, U1 SER el (125 ~ 2,000Hz& F3s A5 5)
= i #Fgkel 208 olshrh Holok @tk m& STC 71Z2A ool gl
JE[‘—?_

@ she] Ered e s)EIA zw atol7l 8BS 2HEA YEE T
. olsh e wgel o8l STC 7|ERAe] FAolFo] $EHAL w 500
HzolAe] S35 &40 8% o ﬂﬂm}m
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Table 3.4 Reference values for STC curve

Frequency Reference values
(Hz) (dB)
125 -16
160 -13
200 -10
250 -7
315 -4
400 -1
500 0
630 1
800 2
1,000 3
1,250 4
1,600 4
2,000 4
2,500 4
3,150 4
4,000 4
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Table 4.1 Specification of test specimen

Thickness | Performance

Structure
(mm) (dB)
Magnesium Board 6T + Concrete Panel 50T +
Ry 59,
Polyester Insulation 24K, 50T + Air Gap 38T + 200 "
STC 59
Concrete Panel 50T + Magnesium Board 6T
Table 4.2 Specification of test room
Volume Surface
Test room L (m) W (m) H (m)
(m?) area (m?
Source room 5.0 3.8 3.0 57.0 90.5
Receiving room 4.5 3.8 3.0 51.3 84.1
Table 4.3 Measurement equipment
No. Equipment name Manufacturer Model
1 Multi channel signal analyzer RION SA-01
2 Microphones G.R.AS 40AE
3 Microphones preamplifier GR.AS 26CA
4 Microphone calibrator RION NC-74
5 Omni-directional speaker Wakabayas; Acoustic SS-05T
Design
6 Lower frequency speaker VASCOM SR 4145SUB
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Fig. 4.4 Measurement scene in room installed acoustic absorbent
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Fig. 4.5 Reverberation time according to install acoustic absorbent
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Fig. 4.6 Sound pressure level in receiving room according to install acoustic

absorbent

_33_



7L —&— Before install acoustic absorbent
—®— After install acoustic absorbent

STDEV (dB)
~
T

0 1 1 1 1 1 1 1 1
100 160 250 400 630 1000 1600 2500 4000

1/3 Octave Band Center Frequency (Hz)

Fig. 4.7 Standard deviation of sound pressure level in receiving room

according to install acoustic absorbent
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Fig. 4.8 Sound reduction index according to install acoustic absorbent
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Fig. 4.11 Sound generating scene

Fig. 4.12 Sound measuring scene
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Fig. 4.13 Average sound pressure level in source room
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Fig. 4.14 Average sound pressure level in receiving room
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Fig. 4.15 Standard deviation of sound pressure level in source room
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Fig. 4.16 Standard deviation of sound pressure level in receiving room
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Fig. 4.17 Average sound reduction index by each speaker position

Table 4.4 Single-number quantities by each speaker position

Single-number
o Pt. #1 Pt. #2 Pt. #3 Average
quantities
Ry (dB) 59 59 59 59
Ry +C (dB) 58 57 58 58
STC (dB) 59 59 59 59
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Fig. 4.18 Set-up the microphone positions (Grid)

Fig. 4.19 Measurement scene for sound pressure distribution
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Table 4.5 Natural frequency in test room by calculation

f; (Hz2)
Ty My Nz Source room Receiving room
(5.0 x 38 x 3.0 (45 x 3.8 x 3.0
1 0 0 34 38
0 1 0 45 45
0 0 1 57 o7
2 0 0 68 76
0 2 0 90 90
0 0 2 114 114
3 0 0 102 114
0 3 0 134 134
0 0 3 170 170
1 1 0 56 29
1 0 1 66 68
0 1 1 72 72
2 2 0 113 117
2 0 2 132 136
0 2 2 145 145
3 3 0 169 176
3 0 3 199 205
0 3 3 217 217
1 1 1 80 82
2 2 2 160 163
3 3 3 240 245
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Fig. 4.20 Sound pressure level in source room (speaker position #1)
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Fig. 4.21 Sound pressure level in source room (speaker position #2)
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Fig. 4.22 Sound pressure level in source room (speaker position #3)
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Fig. 4.23 Sound pressure level in receiving room (speaker position #1)
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Fig. 4.24 Sound pressure level in receiving room (speaker position #2)
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Fig. 4.25 Sound pressure level in receiving room (speaker position #3)
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Table 4.6 Results range of single-number quantities

Single-number Analysis Indices

quantities Min. Max. E-Avg.
Ry (dB) 56 60 59
Ry +C (dB) 53 59 57
STC (dB) 53 60 59

Table 4.7 Effective measurement positions by speaker position

Each Common
Test Room
bt #1 Pt #2 Pt #3 Pt #1, #2 Pt #1, #2, #3
Source
17 18 15 5 2
room
Receiving
15 12 8 6 1
room
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(a) Source room (b) Receiving room

Fig. 4.35 Deviation of sound pressure level (speaker position #1)
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Table 4.8 Material to control for flanking transmission

No. Material Purpose
1 Rubber magnet 1T To reduce the vibration transfer
2 Polyester 35K 50T To control the resonance in gap

Table 4.9 Method to control for flanking transmission

No. Used material Installed room

1 Nothing -

2 Receiving room
Rubber magnet Source room

4 Source & receiving room

5 Receiving room
Polyester +

6 Source room
rubber magnet

7 Source & receiving room
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& 9e ARAZOZH
o2& (315 ~ 500HzE EFRTh 53] 500 Hzol
A SFBAAFI Al 6.1dB7HA FHHYoM, o2 s R, BIEE 1dB



2 39 AAE AT FA AY £
AP AGE Aol BT FHE Yol PoEA 1
=]

o] WAEA Hrt ol Fol AHA HW o] FoNA F
X E J

= = Z " il
o};’it‘r ZHo2H 2 F5AE A AUTFoEA AVIA TAHE THE
A o131 A tHFig. 4.44).

oA A wE AS Ae AFAE Figo 4479 wasiidh (B15 ~
500Hz thdelA 22 A%o] (1 ~ 2dB BAE= FdHgoem, o2 A Ry
W72 1dB Asdte 235 Et

Y Z2 TS ANE AT FA A L TRAY v En

A AgelA A ARE EE, 27k PHS FUAH FEH =
T Aetd 2 ddee Adfstalen, 1 A= Fig 4489 HAFH
2 Ags Aol A o] AE niuwsjEy (315 ~ 500HzA A A5 sl
A8 wokAlE A& & 5 Atk 710 Hdipol 2 Furie &
FaA A7 dsd o2 Ry B7HEE 1dB, STC B7hgk2 5dBo| <&

i
f
8
v

_63_



Fig. 4.43 Rubber tube for sealing

Rubber Magnetic '

Fig. 4.44 Method to control for flanking transmission
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