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Effect on Sound Insulation Performance of Double Sliding Window
According to Glass Sectional Structures and Window Frame
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ABSTRACT

In general, indoor noise due to external noise such as automobiles and airplanes is determined by

the sound insulation performance of the window. However, windows do not only provide sound in-

sulation from external noise but also perform various functions such as providing views, ventilation,

insulation, and airtightness. Among these functions, the national insulation standards, including win-

dows, have been strengthened to achieve greenhouse gas reduction for the building sector. Therefore,

the cross-sectional structure of glass (air-layer thickness between glasses, presence of argon filling in

the air layer, etc.) or surface treatment state of glass is changed to meet the insulation standards for

windows in each region. In this study, we investigated how the sound insulation performance of

windows changes according to these changing conditions through laboratory tests.
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Table 1 Heat transmission rate standard when the
window is directly exposed to outside air

an apartment house (Unit : W/m? - K)
- Year

Division

2015 2018.9

Central 1 area - 0.90

Central 2 area 1.20 1.00

Southern area 1.40 1.20

Jeju Island 2.00 1.60

Table 2 Types of windows by heat transmission rate

Heat

.. Window type
transmission rate yp

2,
0.90 W/m™K No example window meets this

1.00 W/m* K criterion

Double glass (Ar) 16 mm +
low-e double glass 16 mm (S.Coat)

Double glass (Ar) 16 mm +
low-e double glass 16 mm

Double glass (Ar) 16 mm +
low-e single glass 5 mm (S.Coat)

1.20 W/m*K

1.40 W/m*K

Double glass 16 mm +
low-e double glass 16 mm (H.Coat)

Double glass 12 mm +
low-e double glass 12 mm (S.Coat)

Double glass 16 mm +
low-e single glass 5 mm (H.Coat)

Double glass 12 mm +
low-e single glass 5 mm (S.Coat)

Double glass (Ar) 12mm +
low-e single glass 5 mm (H.Coat)

Double glass (Ar) 16 mm +
double glass 16 mm

Double glass (Ar) 6 mm +
low-e double glass 6 mm (H.Coat)

1.60 W/m*K

Low-e¢ (H.Coating) double glass
16 mm (Ar)

Double glass 16 mm +
single glass 5 mm

2.00 W/m*K

Double glass 6 mm +
low-e single glass 5 mm (S.Coat)

Double glass (Ar) 12mm +
single glass 5 mm
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Fig. 1 Install test specimen without window frame
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Table3 Test specimen considering the processing
method of the double-layer window

2.2 AlE 4

2845 AFL KS F ISO 10140-2
Aol g s A S
At e SAYH O we) AAEeH, 7
G (Ry)E ‘KS F 2862 A& 2 A& 9
2k s H7E el A Ak Wl

= =

AAE 7]99o] AFS AA8R=1 Fig. 32 3600 mm
x 2750 mme] AIFA AAEel 2000 mm x 2000 mm
T4 F37F AAE BES vERd Aol

- 2B AR AREE AR A= obefob 2tk

- FIFEAEA] 0 SA-01, RION

- o] 2 E: RION(GRAS 40AE, UC 59)

- 297 . CESVA(BP 012)

_ OH3 . H
Division Window cross section f—‘ ’FUIOOO’ Behringer
- ZEg G.R.A.S.(Type 26CA), RION(NH-22)
1-1 Double glass 16 mm
12 Double glass (Ar) 16 mm Table 6 Test specimen with sliding window
1-3 Low-e (S.Coat) double glass (Ar) 16 mm Division Windlow oross sesiien
1-4 Low-e (H.Coat) double glass 16 mm 1 Low-e double glass 6 mm (single window)
-3 Low-¢ double glass 6 mm 2 Double glass 6 mm + single glass 5 mm
1-6 Double glass 6 mm
3 Double glass 6 mm (Ar) + single glass 5 mm
1-7 Low-e double glass (Ar) 6 mm
4 Double glass 6 mm + double glass 6 mm
Table 4 Test specimen considering air-layer thickness 5 Double glass 16 mm + single glass 5 mm
Division Window cross section 6 Double glass 12 mm + single glass 5 mm
2-1 Double glass 6 mm
2.2 Double glass 12 mm 7 Double glass 16 mm + double glass 16 mm
2-3 Double glass 16 mm 3 Double glass 16 mm (Ar) + double glass 16 mm
(A1)
9 Double glass 6 mm (Ar) + double glass 16 mm
Table 5 Double glazing
10 Low-e (S.Coat) double glass (Ar) 16 mm
Division Window cross section + double glass 16 mm
3-1 Double glass 16 mm + double glass 16 mm 1 Low-e (H.Coat) double glass 16 mm
i + double glass 16 mm
3-2 Double glass 6 mm + single glass 5 mm
12 Low-e (S.Coat) double glass (Ar) 16 mm
3-3 Double glass 12 mm + single glass 5 mm + low-e (H.Coat) double glass 16 mm
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Table 7 Sound insulation performance by multi-layer
window processing condition (air layer 16 mm)

Sound reduction index (dB)
Double Double Low-e Low-e
glass glass (S.Coat) | (H.Coat)
Fre(‘};f)‘“’y 16mm | 16mm | double | double
(Ar) glass glass
(Ar) 16 mm
16 mm
100 26.5 29.7 27.4 26.5
125 30.8 34.7 31.4 31.8
160 27.0 30.1 27.2 26.8
200 20.0 29.2 19.2 18.9
250 21.2 25.1 19.7 19.2
315 25.0 23.7 24.3 23.3
400 294 24.5 28.6 28.7
500 29.1 27.6 28.8 28.6
630 33.4 30.4 32.8 32.6
800 36.6 34.4 36.7 36.1
1000 39.9 37.6 39.7 39.3
1250 39.6 38.0 39.6 39.8
1600 40.2 38.6 40.4 40.7
2000 37.6 353 38.4 37.4
2500 30.9 30.3 333 323
3150 33.8 31.0 35.0 343
4000 39.7 34.8 39.6 395
5000 43.7 40.6 43.8 442
Rw(C) 33(-1) 32(-1) 33(-1) 32(0)
70
~— T T Double glass 16mm : 33(-1) dB
_. 60 —O— Dpouble glass(Ar) 16mm : 32(-1) dB
% Low-E(S. Coat) Double glass(Ar) 16mm : 33(-1) dB
Tﬁ— 50 | T Low-E (H.Coat) Double glass 16mm : 32(0) dB
=
c 40
o
N
3 30
@
o
T 20
>
0
“ 10
0
SHEEEHS8E885888¢288
Frequency (Hz)

Fig.4 Sound insulation performance by multi-layer
window processing condition (air layer 16 mm)
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Table 8 Sound insulation performance by multi-layer

window processing condition (air layer 6 mm)

Table 9

Sound insulation performance by air-layer
thickness in double-glazed windows

Sound reduction index (dB) Sound reduction index (dB)
Frequency Low-e Double glass Low-¢ Frequency
(Hz) double 6 mm double glass (Hz) Double Double glass | Double glass
glass 6 mm 12 mm 16 mm
glass 6 mm (Ar) 6 mm
100 30.5 29.7 29.8 100 29.7 28.3 26.5
125 355 34.6 353 125 34.6 33.7 30.8
160 29.9 30.0 30.3 160 30.0 28.8 27.0
200 28.5 28.6 28.6 200 28.6 20.7 20.0
250 23.5 234 25.0 250 234 18.2 21.2
315 24.1 242 23.7 315 242 23.1 25.0
400 25.0 24.8 243 400 24.8 27.3 29.4
500 28.7 28.6 27.3 500 28.6 30.0 290.1
630 32.0 32.0 30.5 630 32.0 335 334
800 35.7 35.8 345 800 35.8 37.1 36.6
1000 38.4 38.5 38.1 1000 38.5 40.6 39.9
1250 37.9 379 38.5 1250 379 39.8 39.6
1600 372 374 382 1600 37.4 39.5 40.2
2000 355 35.5 352 2000 35.5 37.8 37.6
2500 30.5 30.7 30.6 2500 30.7 319 30.9
3150 31.6 313 314 3150 31.3 333 33.8
4000 36.0 354 352 4000 354 38.3 39.7
5000 41.1 40.4 40.6 5000 40.4 44.0 43.7
Rw(C) 32(0) 32(0) 32(-1) Ry(C) 32(0) 32(-1) 33(-1)
70 70
T Low-E Double Glass 6mm: 32(0) dB Double Glass 6mm : 32(0) dB
= 60 | eememeee Double Glass 61 = 32(0) dB = 60 | T Double Glass 12mm: 32(-1) dB
— Double Gl :33(-1)d
-g‘ o Low-E Double Glass(Ar) 6mm: 32(-1) dB % Dbl Glass16in: 8341 db
o 50 o 50
=] e
£ £
s g
i 9]
2 30 3 30
@ [F)
o o
T 20 T 20
2 2
D g 9 10
0 0
5RGERASE8853883888 FEEEEEEEEEEEEEEEE
Frequency (Hz) Frequency (Hz)

Fig.5 Sound insulation performance by multi-layer
window processing condition (air layer 6 mm)

Fig.6 Sound insulation performance by air-layer
thickness in double-glazed windows

Trans. Korean Soc. Noise Vib. Eng., 29(6) : 810~820, 2019 | 815



Kwan-seop Yang et al.; Effect on Sound Insulation Performance of Double Sliding Window According to...

Table 10 Sound insulation performance of double glaz-

ing
Sound reduction index (dB)
Double Double Double
Frequency | glass 16 mm | glass 6 mm | glass 12 mm
(Hz) + + +
double glass | single glass single glass
16 mm 5 mm 5 mm
100 37.9 35 36.1
125 45.1 43.7 44.7
160 42.4 39.7 42.4
200 434 36.5 37.4
250 43.8 39.3 375
315 389 41.1 433
400 40.1 41.9 44.1
500 423 40.7 43.4
630 45.0 41.1 43.7
800 46.9 43.1 46.4
1000 49.2 44.7 47.4
1250 50.3 46.6 48.9
1600 50.4 47.4 49.2
2000 47.8 46.2 48.0
2500 45.8 41.0 43.5
3150 44.9 40.6 43.8
4000 46.4 44.1 45.8
5000 48.8 47.4 48.3
Rw(C) 46(0) 44(-1) 46(-1)
th Fig. 6914 & = Ql5to] ATt Jqolr= 7]
Fel T gFe FEHU FAS R3fUnn
Aol tha & A0 Edo} FaFus
Qoo 28)d WolE Aew e
13 Table 991M = & 5= 1ol ©rd5=X] 7}

2k
= T [¢}
& BEf el B71F FASH BAGe] AR A

O YT

(3) olF@ Aads A%

Table 107} Fig. 7% 53-F2] 16 mm+55-7] 16 mm
(7 JSEl Alel9] &715 s 00 mm)E 7
ols % Hofrel 6 mm(UHA 170 A EAIE 12 mm)
+9EE smme] W@ERE|R oS FAS)
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0 Double Glass 16mm+Double Glass 16mm : 46(0) dB
60 Double Glass 6mm+Single Glass 5mm : 44(-1) dB
Double Glass 12mm+Single Glass 5mm : 46(-1) dB
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Fig. 7 Sound insulation performance of double glazing
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Fig. 8 Sound insulation performance of double glaz-
ing and single glazing

e el A4S AUANE ek Aol
]_

o2 Yoy o] Alddut Fal

7= oEE Ao Ak
Fig. 8& HE glo] fa7t 524

of Haete] §-23k & A3 7ol

T3 e A eS vl

5 53 59 do] FHaspgol we} FaER A

3 Aol7h BEeHAl veuaL sl Ao® A



Kwan-seop Yang et al.; Effect on Sound Insulation Performance of Double Sliding Window According to...

Table 11 Sound insulation performance measurement
result by sliding window typel

Table 12 Sound insulation performance measurement
result by sliding window type2

Sound reduction index (dB)

Low-e Double Double Double

double glass glass glass

Frequency glass 6mm |6mm (Ar)| 6mm

(Hz) 6 mm * . +*
(single [single glass| single double
window) Smm |glass 5 mm|glass 6 mm

100 25.1 324 324 35.1
125 30.5 40.3 39.5 42.8
160 26.8 40.8 38.5 41.5
200 26.6 389 38.5 40.4
250 23.3 39.0 383 37.2
315 20.9 38.6 37.8 34.9
400 21.7 35.8 33.6 349
500 22.7 36.5 34.1 36.3
630 22.1 36.7 345 36.7
800 21.0 37.4 353 37.5
1000 19.8 359 32.8 359
1250 19.4 353 323 35.1
1600 213 36.2 353 36.2
2000 23.3 38.2 36.8 37.4
2500 24.2 38.9 38.1 38.5
3150 245 38.4 38.8 39.9
4000 25.9 42.7 424 42.5
5000 29.4 45.4 45.6 46.2
Rw(C) 22(0) 37(0) 35(0) 37(0)

Sound reduction index (dB)

Double | Double Double Double

glass glass glass glass
Frequency | 16 mm 12 mm 16 mm |16 mm (Ar)

(Hz) + + + +

single single double double

glass glass glass glass
5 mm 5 mm 16 mm |16 mm (Ar)

100 31.7 32.0 33.1 333

125 38.7 39.6 38.1 389

160 39 39.6 37.7 383

200 359 349 31.8 26.4

250 36.5 33.1 31.5 29.0

315 38.3 38.3 36.7 35.1

400 36.2 36.1 359 359

500 35.8 36.3 36.3 36.2

630 37.0 36.8 36.7 36.8

800 37.1 37.2 37.0 37.7

1000 354 35.7 35.2 353

1250 36.0 35.7 34.8 347

1600 36.9 36.3 36.9 36.2

2000 384 37.9 37.4 36.5

2500 39.2 39.1 38.2 36.5

3150 38.8 39.2 40.5 39.6

4000 42.7 43.3 41.7 42.1

5000 44.8 454 45.1 44.8

Ry(C) 37(0) 37(0) 37(0) 37(-1)
EE o)sde ddFAH RS 36dB T2
A9l FAHE Ao ehta k. ol BAYEE
HE e Hoke ol2E 34, BERE WY )
F B 37k fea9 Fo 247 A4l
S MAA FEkaL e dEhlle Aejehal
dkEm, otk 71gde] oFgt mA 7] ot &2k
= o] i AgABel F G WAL Qow
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Table 13 Sound insulation performance measurement
result by sliding window type3

Sound reduction index (dB)
Double Low-e Low-e Low-e
glass (S.Coat) (H.Coat) (S.Coat)
6 mm |double glass|double glass|double glass
Frequency | (Ar) 16 mm l6mm |16 mm (Ar)
(Hz) 4 (Ar) + +
double 4 double glass| Low-e
glass |double glass| 16 mm (H.Coat)
16 mm 16 mm double glass
16 mm
100 3255 33.1 33.6 333
125 37.6 38.9 37.8 38.0
160 38.2 38.8 37.9 38.2
200 30.3 30.6 30.2 28.3
250 30.6 31.5 32.2 31.0
315 355 36.5 36.9 352
400 36.2 36.5 36.9 36.1
500 36.6 37.0 37.0 36.8
630 37.1 375 37.9 37.0
800 37.6 37.6 383 37.3
1000 349 359 36.5 35.6
1250 34.6 35.8 36.3 36.0
1600 36.1 37.6 38.0 37.7
2000 36.7 37.8 389 38.2
2500 37.4 38.5 39.8 38.7
3150 39.9 41.8 42.0 42.1
4000 41.7 43.9 442 43.9
5000 44.6 45.6 46.2 46.1
Rw(C) 37(-1) 38(-1) 38(0) 38(-1)
27 BEaa o} wAFARARe 2 Aolst
g Ao e,
() 5AAE el we F5e] AeAde Wt
dow "ojA o= A7) Fae FR sl
dds AAsto] w2 Yol F=5F st glon, &
Alo] golatms Fe3t FH Atolol= AT
TAS FA dot oA demA iH 9] &l
< FoAU Aoz 7]UA e HojA 7] W
A gk abghs e gk "oz 7] wiolt}. o]
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——0— Low-E Double Glassemm(single window) : 22(0) dB
Double glass 6mA+Single glass Smm: 37(0) dB

—— Double glass 6mm(Ar)+ Single glass 5mn : 35(0) dB

Double glass 6mm +Double glass 6mm : 37(0) dB

Double glass 16mm + Single glass Snm : 37(0) d8
—"— Double glass 12mm + Single glass SAm : 37(0) d8.
—°— Double glass 16mm + Double glass 16mm : 37(0) dB

—*— Double glass 16mm (Ar)+Double glass 16mm{Ar) : 37(-1) dB

— Double glass 6mM (Ar) + Double glass 16mMm : 37(-1) d&

—*— Low-E(5.Coat) Double glass{Ar) 16mm + Double glass 16mm : 38(-1) dB
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Fig. 9 Sound insulation performance measurement re-
sult by sliding window type

Table 14 Comparison of sound insulation performan-
ce according to clearance treatment

Sound reduction index (dB)
Frequency | Sliding | One side | Double No
(Hz) window taping |sided taping| window
frame
100 333 344 36.4 37.9
125 389 39.2 39.2 45.1
160 38.3 38.8 39.7 42.4
200 26.4 25.7 26.3 43.4
250 29.0 28.0 28.1 43.8
315 35.1 353 354 38.9
400 359 37.6 38.4 40.1
500 36.2 374 37.6 423
630 36.8 38.2 38.8 45.0
800 37.7 40.2 413 46.9
1000 353 39.8 41.1 49.2
1250 347 41.0 43.0 50.3
1600 36.2 433 455 50.4
2000 36.5 43.0 44.8 47.8
2500 36.5 41.8 43.1 45.8
3150 39.6 443 449 449
4000 42.1 45.7 46.0 46.4
5000 44.8 47.8 48.0 48.8
R4(C) 37(-1) 40(-1) 41(-1) 46(0)
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