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Sound transmission loss of wood-based panels
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Table 1. B K B — )
Specimen (boards)
et Specific eight B
Materials gravity T W ox L (kg) Sign
. S-ply 0.498 2,71 2,24 ke
3-ply 0.505 4.00 3.85 P4
& i 3-pl 0.615 5.60 | 915%1,830 5,70 Pe
Plywood ply : - SRaRE
| 5-ply 0.631 12,08 12,62 P12
‘ 9-ply 0.606 21.02 21.09 P21
ST e 0, 696 12,72 14, 66 Pa13#s3
Particleboard 0. 690 15,20 | 915X 1,830 17.37 Pa1s
(3 Three layers) 660 20. 20 22,02 Paz0
= PR — F . - o
1.011 3.90 6,53 H4%4
Ha{g%’aﬁ% 9151, 830
One face is smooth) 1'0“’"8 4.96 8.69 H5 o
2 Ion— FRE—F 616 11,98 12,22 S H12%5
< . 915% 1, 830
Semihardboard 607 14. 85 ’ 14,88 SHI15
Pl — 2 AL
S‘Xpr/;léz bog\rg;sz 0.401 11. 40 4,57
. 5 RE o
%‘50;; Véallbpézel 0.38 See Fig. 1 43, 81
]Qaitgrt;ga;d " 0. 808 8.7 11,64 G 9%6
ESS I S ] -
Mortared wall 1.8 10 915% 1. 830 30 M10
7 3 A 1,39 1.5 ’ 2.09
Melamine resin board : : o
A b 73 50
Stramit 0.527 43, 20
(Compressed straw mat)
BOE A~ F . | 2P6¥ 2P12
Laminated board without | 2Pal3 2HS5
bonding 28H12 2G9

*¥1 A~ ABT, IEI0XEE LIXES 915 (em) /MR EAET, [EREOKR— FitLi,

Spruce board is made by edge-gluing of narrow ones.
2 P: AW Plywood, 3: /%% 3mm 3mm in thickness.
*3 Pa:/¥—F 47K~ F Particleboard, 13: & 13mm 13mm in thickness.
*4 H:,~n— FR—F Hardboard, 4:E& 4mm 4mm in thickness.
*5 SH: & 3/~ FiH~F Semihardboard, 12 : /2% 12mm 12mm in thickness.
¥ G: H{IHKR~—F Plasterboard, 9: X 9mm
Plywood, 6: /5% 6mm 6mm in thickness.

%7 2! 2EFEE Twofold laminated, P : &#

9mm in thickness.
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Table 2. & B (& (hZE F L)
Specimen (hollow-core wall panels)

. K & E ox AN AN
/\"P I v Size (mm) V:\feig%t Construction of panel
anels — E
, " ‘ i B
T | WXL | (ke) | Face | Core | Face sion
A W ¢ % v Plywood panel
— _ e ‘
52 16.56 | P6 F 4% Pé6 2P 6-4%8
72 18.96} ” Fé " 2P6-6
92 , 21,13 " F8 ” 2P6-8
52 | 919XL830 1 Tgtas Fa-GWe | » 2P 6-4WH
72 21.041 ” F6 +«GW " 2P6-6W
2 ® OB 92 23,241 » F8+«:GW ” 2P6-8W
Twofold wall 64 33.58 | P12 F 4 P12 2P12-4
84 36,14 | ” Fe6 ” 2P12-6
104 38.23 | o« F8 ” 2P12-8
64 | O15XLBIO s, Fa-GW n 2P12-4W
84 38,11 ” Fé6 «- GW ” 2Pl12-6 W
104 40, 33 ” Fg-«-GW ” 2P12-8W
98 28,09 P6 F4e P6e 4% P6 3P 6-4%
915X 1, 830
’ F4:GW- P6 - *
& B % 009) 7 | Fa.cwe 7 | SPo-4W®
Threefold wall | 4 52.53| P12 | F4+P12-F4| P12 3P12-4
915X 1, 830
’ F4. GW+ P12
- 116 54,63 ” JFi.gwl 7 | 8P12-4W )
2N—F 4 J R~ Ko Particleboard panel
66 35.35 | Pal3 | F 4 Pal3 | 2Pal3-4
86 37.79 v Fe ” 2Pal3-6
2 E OB 106 | 915y 1 g30 | 4015 o F 8 ” 2Pal3-8
Twofold wall 66 ’ 37.48 " | F4.GW 4 2Pal3-4W
86 39.96 v | Fe6+«GW ” 2Pal3-6 W
106 42,25 ” Fg-+«GW ” 2Pal3-8 W
s E® R 119 59,05 | Pal3 | F4.+Pal3. F4| Pal3 3Pal3-4
2= 915X 1, 830
Threefold wall ! F4+. GW - Pal3
o 119 - %‘61. 15 A -7F4 .ow 7 3Pal3-4W
N— FR— F,¥% v Hardboard panel
50 23,08 HS F 4 HS ( 2HS5-4
70 25.32 " F 6 7 | 2HS5-6
) BE 90 27.63 ” F 8 v | 2H5-8
Twofold wall 50 | P15XL,830 | o5 | Fi4+GW vl 2HSs-4W
70 | | 27.33 " Fo6+GW - 2H5-6W
%0 | 29.73 ” F8-GW ” 2H5-8W
[ g -
5w o ‘ 95 i915><1830 37.36| HS5 F4.H5.-F4 | HS 3H5-4
Threefold wall | ! F4.GW -« HS
| 95 [ 39. 46 ” “F4.GW ” 3H5-4W
2 In— FR— Frexr Semihardboard panel
J 64 | 29.86 | SHI2 F 4 SHI2| 2SHI2-4
R ‘ 32.40 ” Fe6 o 2 SH12-6
2 W B | 104 | 5o gon| 34.52 ” F 8 ” 2 SHi2-8
Twofold wall } 64 | b 31.92 " F4+GW v | 2SHI2-4W
84 | 34,55 " Fé6..-GW ” ‘ 2 SHI2-6W
\ 104 | 3%.62| Fg-GW # | 2SH12-8W
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. VA= SR X A NI )
AT % Size (mm) Wei ‘Et Construction of panel
Panels g IS B TR R B
- T Wx L | (e | Face | Core | Face | Tsign
3 s BE 116 | 47.84 1 SH12 |[F4- SH12- F4 SHI12 3 SHI12-4
Threefold wall | 9151, 830 F4-GW-SHI2
116 49,94 | ” CF4-GW 4 3SHI2-4W
HTHHE—~ Fsexov Plasterboard panel
| 58 289 Go | F 4 G o9 2G9-4
78 30. 94 a F6 ” 2G9-6
2 E M 98 | o . 33,42 v Fs8 ” 2G9-8
Twofold wall sg | J19XL830 ) 5iTg |, F4-GW ” 2G9-4W
78 33.22 ” Fé6 «-GW 4 2G9-6W
98 35, 54 4 F8§8 -GW 4 2G9-8W
I 107 46.24| G9 | F4-G9-F4 | GO 3G9-4
Threefold wall 151,830 F4«GW:- GO
' 107 48, 37 " TR w7 3G9-4W
I o EA GW B
=T 4 PR —F - HT SR~ Fo85v  Particleboard and plasterboard panel
66 32,42 Pal3 F4 G 9 Pai3 « G9-4
86 | 34, 56 " Fe ” Pal3 .« G9-6
2 W RE 106 1 915% 1. 830 | 37.80 ” F 8 ” Pal3 « G9-8
Twofold wall 66 ’ | 34.50 ” F4--GW ” Pal3 . G9-4W
86 | j 36.62 ” Fé6 «- GW ” Pal3 .« G9-6W
106 \ ; 39,94 | 4 F8  «-GW ” Pal3 - G9-8W
BWL e HT HE— Kz Plywood and plasterboard panel
61 29.88 | P12 Fa | Go | Pl12.G9-4
81 32.30 ” Fé v | P12+ G9-6
2 i OEE 101 | 915 g30 | 9657 7 F 8 v | P12-G9-8
Twofold wall | 61 i ’ 31.99 ” F4eGW 7o Pl2e G9-4W
| 81 | [ 34,43 " F6+GW vl P12+ G9-6W
o1 | 38.69 ” Fg«GW 7 | P12- G9-8W
e e ! | - NVHUUNNUU. S . S — S
THEEE IV R OUEE e o I } 777777 o
Exterior - S F3.6 B1o | ongd .
mortared 68 | 915X1,830 | 54.42 | MI10 (See Fig, 1) P12 | 2MIO. P12-4
_finished wall ‘ f <

#*1 F: R#kt Wood frame, 4 : %X 4cm 4cm in thickness.

*2,
*3

4

*6

*7

*8

F:RF: Wood frame 4:J£X 4cm 4cm in thickness, GW : # 7 Z#i#t Glass wool.

21 2¥EEE Twofold wall, P6: EL X 6mm O#4#H Plywood of 6 mm in thickness, 4 : 2 & 4cm DOAW
Wood frame of 4cm in thickness.

2 (#E Twofold wall, P6: 5 & 6mm D/AF: Plywood of 6mm in thickness, 4W : # 5 X #ift %%
TALKEE dem OAFE Wood frame of 4cm in thickness filled with glass wool.

F4: % 4cm O Wood frame of 4cm in thickness, P6:JEX 6mm 44 Plywood of 6mm in
thickness.

F4-GW:HJ52MHEETALRE S 4cm OAF: Wood frame of 4cm in thickness filled with glass
wool, P6: H& 6mm DA Plywood of 6mm in thickness.

3: 3MEE Threefold wall, P6: 5 & 6mm DO &H Plywood of 6 mm in thickness, 4: 5 X 4cm DA
Wood frame of 4cm in thickness.

3: 3#iBE Threefold wall, P6:JEX 6mm OAH Plywood of 6mm in thickness, 4 W : 45 ZHHEA F

TAULKEE 4cm OARF: Wood frame of 4cm in thickness filled with glass wool.

P12, Pal3, H5 SHI12 G9:Table 1 & See Table 1.
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(a) K (b) B2,%%JL Wall panels
Wood frame | BB 2ERE 3ER
Single wall Twofold wall Threefold wall
S TK T
|157.0cm ( ‘ 1{
s i [ 1 o R __ )
' - | Face board "| % -
] | [l
| e —
.Oem | oo [
T il | | 9t otow o |
- core | f-ql-
| ms : 15 ISls
Thickness | | !‘ ‘ i]
4,60r8em 1 \ o
| L L UL
91 .5om—> (I 2o
Wood frame
(c) #HF Ay P XTA (d) she&ELFLEE (e) HHE( LB
Filled with glass wool mat Exterior mortar-finished Logs wall panel
wall —
P ——— g m— L
« \\? A P\W
N\ | § AN
} ‘“ | @ 18 em
N e R Al ‘ 4cm
Wood frame F i T
\\ EILRIVEE i EHR 3cm
’ ——>t e "
N Mortared wall | Plywood —
AN (M.10) f
T R :
Glass wool Be
42 XX 57cm2 5
A 7J 175¢ |
Sk Sk
4.6 |.2¢cm
Fig. 1 &= B (& Specimens.
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Fig. 2 URBEL LD DG EBROMNENTH %, RRO C&L, 220K BRHOMINEED
HbDTH b, KEXE, H1.70m, £X 2.65m, X 2.74m Th 3, FHOES 1.34m DI
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Acoustic chamber for measuring sound transmission loss.

Sound generating chamber
2. FUFRRE—H—
Loud speaker
3. B4 F Iy IwA4raRY
Dynamic microphone
4. mEEY Y 7Ty
Pick-up for acceleration
5.8 B
Specimen
6. RBAIEE S
Metal frame for fixing specimen
7.7 7 v 7
Clamp
8. a — F vV U
Caulking
9. = N R
Rubber packing
10. avFrvy=fs7oky
Condenser microphone
1. % & =
Sound receiving chamber
12. # 7 A ik #E
Glass wool
13. A 5 K~—F
Plasterboard
1. & ]
Plywood
5. A 87 3w
Stramit (compressed straw mat)
16. B & = A
Rubber used as shock absorber
17. & & b B
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2EEET 55dABY TH-7cDT, CHRIKSSICTIENAT, SIEEOEFEIC LI,
COFEBEARNT, FHREBCAC—A—%2REL, BRBRESTVEEDOFEV~NV L (T77 V7T
A D) ERBARELD DT EEDEE VANV LAENET 50 CNESHBERICOOTHEN, Vv
—L pssRkd BiEMBRICIE 2, BiBEKEE 40Hz~10kHz ORI TEH LT, FEBE#igdk Ty TF%
blic,
3. B 0w &
(1) HfBEMEICX 2 E5EBLORIE
Fig. 3 IT/RT LI IC, MEBBRCILE, S Lic. RBRABSTOVESOFEE, ZHMNEOEE L~V
ZAET B, HBEEDO A 7 vk YORBDBEENER 12mV THHXO 1L, OEBEFEDT V7 ZH
Hlic, AT U/H<A4 70k Y ZZHFEZORRO, RBREEDOUMNEXD 100 mm FicEE LT,
HEMFEZY, 1347 2 —T/NY F7 4 v —CHDBEEESW A 40 Hz~10 kHz OHIPETITI0,
VAV L a—ZICFE Vv E LT Uice ICEERIAE LD D1, L& R—&HTHREAEER
TeEHDFETE Vv A8 Ui,
CDED», AEEFONY F Lo —3dB/Oct DERIIEE S I © v 7 /4 ZIC X 2 EE1RE
SUE Lo
(2) #TIC X5 BEHIBEOREE
HEMEFIZEE P OEEITERLICTO RS bbb, 2O, WiZE  OREROER L
TREPIRIBICIZ 2 EZZ oM B, —H, A¥OBREE LT, HECREKIIEZA I 42— TOEDEES
HY, TOFIL->TWORIENSHE T E0H D, THEERIICHED»D 570, FERERREZEZRD
s BEMIO=A 70k vyORAB1mV KX dic, REDCREEOMEERL, BEMEFLRLS
ETHEEVVERIE L,
F— FORBIREZT 2700, WA FHMDFH O sk EHE 45.5 cm, £ &K 9lcm O

|
|
CALER 2
L L it LEJ‘JM

Fig. 3 # ¥ W & # #

Block diagram of equipment for measuring sound transmission loss.

1. g8 White noise generator 10. fiEEY Yy 2 7 v 7 Pick-up for acceleration
2. B ) B IE & Power amplifier 11. &= i {k Specimen

3. IE 3% I % #% 2% Sine wave oscillator 12, 2VF /Y =70k

4. H 72 % % [TE Vacuum-tube voltmeter Condenser microphone

5. Jnak B iR BiEt  Accelerometer 13. | JF ¥ i§ 2 Voltage amplifier

6. & i % Sound generating chamber 14. 7 v 7 x—4~— Attenuator

7. % H % Sound receiving chamber 15, 1/3 A7 2 —T XV F7 48—

8. 77 F AtE~—7#~— Loud speaker 1/3 Oct. band filter

9. ¥4+ Iy 7 =470k Y 16. L~ a—4-— Level recorder

Dynamic microphone 17. H  Ground
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Fig. 4 HOHEBRO T v 7 44 ¥ 77 4
Block diagram of hearing test.

1. 7=V a—4%&~ Tape recorder 6. ¥4+ vy =A4r 0k
2. TvFx—4— Attenuator Dynamic microphone
3. % 7 # g 25 Power amplifier 7. Ek  {k Specimen
4. 79 I~ Z E~—H— Loud speaker 8. ik Iﬁé' L u Hearing position
5. avFry <A 7uakv 9. % Sound generating chamber
Condenser microphone 10. Vacuum-tube voltmeter
11. Sound level meter

BB (BN & 5 7 T 5 7ERD DY, K- FORBIEES F +— Y7 ¥ 7 THIE - R
o PUE O IUEE A TINHIE A WE 4 5 LI, IR AR 7213/ NC 78 2 KL O I
1Hz BED 25 7 7 THID B L 7o

(3) BERD Bk

BUEIIREBTH 5 (1) KKILT, (HERD 100 -
WEE, HESTIOMILITIE, R OB O K/ },
BEEICBED BT DRI 2, (1), (2) T %l il
HOTBIARERINCEAT T € < b a0 E S=201-75logo(Vol.) /{
T, Fig. 4 THRUAHERICE - T, EEFE OB % i
DRBREITS 572 FHEEOEICHOLAE—H “‘WU § 80 » i/
— 1B, INELEOFREDRE—F AT, B g 2 [
DHER2AT, ZEELOHLI MG RS ol
BO, REC—FOTIRE &S HOWNE AR R4 _L ;% P
B COW, RE (B, 42 2080 i N o
2 —F O E (Fig. 5) % 8 B ICMIEAIcE US) 601~ /

Z, WEICHN L CHE S ¥z, 1
CHERBIC, SHEOEE AN LTRAL L

L{
, 50, 2 3 4 586 8 10
ok &, BROEMEEORE SOREOMIC L
= =
- 3 s e 3 - . rhe =] B2
5T, EOBET NI D0 TINI, 92 Volume

BTid, &I 12mV AW ARAYERER 3R FE AN Fig. 5 F—7 L a— X DEBIRE
HHNOFFICR O RLATHA ROz, HOHES EAE—FDOREX (S)

CE T, ALY ISNEEE, FATHOR Relation between the volume
of tape recorder and sound
NS R Ui, level of speech (S).
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4. F I OE B

HEEOMEE, WERHEEHENLIY, ZEZNBOFEDSM, <4 7 ok Y OBEEAE, a—+
YV IRIBICDWTHE L,

ZHBEOREBICHT 2EE v ov OEE) EEEEE Fig. 6 WWRT, 7212L, <4 7 ORIERRRL
72 9 T, FNEN, BREID T 100mm & CATH b, 1~5kHz OFFTIE, FEV~LODE
MAVNE , T 2@ENDH 5. FEROMBICLZ2EEII5dBREETH O, BEHICKT 2HEME
HNTW 3D, E—ERoREBREREES 5, EAE, 472k MitEnsd s, FEVv~Y
O BPEREEACA IR IS 72 B THEEWED S - foo IMRBEFITRIE SN2 ME & 1313 DIEE O A &
2T g g B~ FIDNT, BREAEFNESTHE, TOMEEEESEENLC—E L. T d

5, FEEOMWHIT 400 Hz [0 BHicER I, LR BRICTRDIS DN E M Lice = A 7 ask
v ERBAOHRE, &AW, 0mm ThsE, I3 ET, WFRBOZELZY, BBBINEN

RIS S E0b T 3Y, ok, WKL D 50 mm ORLETHNS &L, ZHEZEOMAT,
VAV OEFIRE 8D, 100mm T, SORMOESENDE D, FRICTERISNT Ebir

')fiio

HEARZ, BEREHOT O0om BRCEICE 222 Y TLO, EEREZEEOBBRALIFTRE
oM &Iz, Fig. 2 THRT LI, TaMEERTALIKL, COHWIE, A VEDICL2BORBEL
T AT &, BEERETEHBEOREELLTHDTH b, EXOREIHBEKICOE, a—F V)

DYPRAEMDE, a—F V7 ICE ST, Y 1dB BEOFEEELO BnA#D 5Nl LITOHRR
T, FEEREOESE (WED LT, BAEEYD, M 12g Ot ERTAT AT LT,

60~
50
o - 71 TT%%%
o
gL 2RI Rat!
5 40 T ¢ T J |
D3 5 A RAKRVE
¢ e \, Position of
AN T% L microphone
o 8 ] % %T 40+
jol
e H W
8 2of % EEL ~L 0§ 1/
% | Range of sound A_M/_g{_ﬂt\
% pressure level /i
ok -+ o A average 86|| /1
] O | L
¥
| e
! ! ; ! ] ! ! ! 10 (cm)
0.06 0.1 0.2 0.5 | 2 5 10

J& & ¥ Frequency(f) (kHz)
Fig. 6 FEZHNOFHE VA LVOSH

Distribution of sound pressure level in the acoustic chamber.
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I #ER & EE

1L R—F (1E8) OFBIEK
R— FOBEBBER (TL SWTHEPH 2) OIEEEO 1§08 Fig. 7 10RT, JHIBOHMHE,
& 63~250 Hz, rhif 315~1,600 Hz, 53 2,000~10,000 Hz iz4pif 5 &, & I/~ FR—FO TLIZ
B e ECI, IO U TEBMCEOIBINA R T, SRS B 0, 8kHz AT, WU
EDHEMOEERE L FETHIES S,

HREE O 1B D JH I R VE B BRI BRI B I s B S T B o SIS LT, TRE A ©
FRRK TLo DRI, o MIREE, m o mEE (g/em?), o @ ELEOHE (glem?®), C: ik (cm/

sec) L9 % &,

T'Le=20 log 102‘;”2 (1)
B, IS Ty ld o T/ micWld b, K— FOLEE p, BE% ((ecm) &5 &, m=
ptCHLDT, TLold tich Wld 5o BANTELAR T 2 KEOFPHCDWTE, (1) ki1,
RSB ST,

TL=(TLy)—10log 1 (0.23 (TLy)) (2)
(1) XBXT (2) Kk -7, Fig. 7 O+ I,~— FR—F (fi%E M=7.38kg/m?) O TL &%

TR R LEze 72, 2.5~5 kHz OEEA RO TERTARWI, fAENKET

TLe=14. 64 log 10f —16. 42 (3)

E18%, CORME, TL>TLe>TL OBRICH D, KREHTOEMNER TL 0P LUAE, ioX

60
d 3= R—F (12mm thick)
Semihardboard )
] 2
50
o
pe)
QO 40+
<
pay
»
| g 30+
"
K 1%
=20
) SR
LS
10+

B & # f (kHz)

Fig. 7 JH T3 2 B88 0 SRR v ~ov
Transmission loss (7L) and vibrational acceleration level
(Ac) against frequency (f).

So RS Critical frequency ; TLo, 7L : ##3% Theoretical formula,

TLe: #5X Empirical formula, REFHELE L ~ov (Ac)=20 log 10 #-G/

0.001-G, n : JliiEfE Measured value, G=980 cm/sec2.
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BEMETOEUBENRDONEDT, BRBOCTELS TLE fMicH LT ny b L, HEIT L EIC
Lo

BETOEKERNBICBY S TL Oy, R— P8 20EMEe 3 UL HiiREZ £ L 571HT
HD, COBRIIHFEEDOHIT, BUCHBT 2B OEMEE & AMEOF LS oBphicad v
TV ABROBERICK > THATE 2, TORBPM fo (RAFWEE) &FEN 5, Fig. 7 0T LKL,
fe DFIBRTR TL BRDESIET L TEEBRS Y 5, fold, C:H#E, h p, E:RDOE X, &
B, YvIRETS L,

THHETE 59, Table 3 D& In— FR— FOBWIT v v 7R EFNT, fo DFELRT E, b=
1.2cm, p=0.615, E=2.81X100dyn/cm? Tk 575, fe=2.48kHz (Fig. 7 O&RE) &18-T, %
HMEE K —8T 5, WMOWBIREL REMAEORED SIH~, RicEb Ui, WEIEES n-G &
+3E, 0.001-G AEEEICLT, v~ AC=log 1 7-G/0.001-G TRLic, a4 ¥V F ¥ 2HED
Bot 2 AMHT, MEEOHAMED SN, WMOREHITT LN Ehbhr s, COWEREHEET
BE—EOWMEZAVSOTH 5,

BED by, hs DXDIKEBLD, ELpERILEE, ZO fe BTNTN fa, fabBlE, (U)K
FORRHDEPI B

VI 31 -
Sfea=fa s (58)

Fig. 8 i1, EEORBZAHO 24 V7 VAR £ 5 TL DB RLE LIRS L D BRERT .
BEIB2BinsE, fe 121> T, (5) XOBBREIIUNICHLT %, Table 3 lT/REN B X

20, EX 2.7, 3.7, 5.6, 11.8, 20.8mm DEXAKRD LEE ¥V /SRELENZFNEL TV 5E, L

— vy
50 N /.
Plywood /‘/

e o P

30 ®

40+ Yl r P6

A a P2

/A A P2y

A/A;\A ) ®

s g A
- ‘\ A/A—-—Al//e \\/ \A /Oi
30 e [ ) o7 ©.
/ N o' NgO
O/

T
~C
[ ]
/
@
|
@
T~
/
“‘:‘k
//} -
B

%8 8 % TL (dB)

RENILEE L ~JLAc (dB)

sy
_ ® o) A \
- ® \ O
ST S SRR T CE R,
I fe e C 10 - A& / o o g
201 0 /N7 \/ P—ere
a ﬁ; NN VAN, 3
O/O a—a" O _A
0 | i 1 ! 1 |
0 018 : 2\ ,3 é ‘8|‘0 0.8 | 2 3 5 8 10
A Ok & f (kHz) B o ot (kHz)

Fig. 8 FEWBICHT 2 BlbiRk, REIIERE Lo
Transmission loss (TL) and vibrational acceleration level
(Ac) against frequency (f).

P3, P6, P12, P21 :see Table 1; fc: [RAJIHIL Critical frequency
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Table 3. K~ FOBIT ¥ 2K & RN

Dynamic Younc’s modulus and critical frequency of boards

o TRV ‘
L W Dynamic Youxne’s modulus PR R I B
Mok £ E | e ] (><101° dyn/cm?) | Critical
Materials Thickness ; bpecp?c Lf{gil;jj;;glzi 1 H;gsj—ﬁg C?:ifm \{, l’” frequency
gravity aralle Perpendicular :
(mm) [ to length | to length ‘ Average (kHz)
2. 7%1 ‘
(o1:e7:0zy | 049 5.76~5.83 | 2.94~2.97 | 4.37 } 7.85
(23 §37 24) | 0.500 7.08~7.31 | 3.30~3.33 | 525 | 530
R 7 | 153:24) | |
“Plywoogl s - %6_ 15 | 0610 5.5 ~7.2 ‘ 2.93~.3.84 | 4.85 { 4.02
11.8 x b v
0. 631 4,12~4.71 | 5.85~6,66 5.34 ‘ 1.90
(6: 29239829 :7) | r | N {
c J#2 0. 596 4, 46~4, 51 ‘l 6.02~6.28 5,32 ‘ 1.02
- — - !‘ _— — 1
R 12.8 0.688 | 2.57~2.89 | 2.79~2.91 2,78 | 2,48
- Ff 15,2 0.697 2.90~3.02 | 3.30~38.37 3.15 } 1.96
Particleboard | 20.2 0.681 3.19-3.28 | 3.62~3.66 | .44 | 1.40
N KR F 3.9 [ 0,99 | 5.62~6.64 | 5 44595 5, 82 6.73
Hardboard 4.9 1.047 ‘ 6.60 \47. 67 | 5.23~7.12 7.02 4,91
Bt R 12.0 0.615 2.50~2.93 | 2.71~3.09 2.81 2.48
Semihardboard 15,0 0.623 2.38~2.73 | 2.54~2.82 2.62 2,08
%{i@f{);& 8.7 0.776 2.84~2. 86 1,28~1.60 2.33 4,22

#2 (4:14:10:16:12: .10:14:4]

L, plE B FEONUET, 0.118, 0.095, 0.118, 0.112 TH D, TOEEDOHEZ, FHIERTIIMR
LT, RALEATENDTHASD,

ZOMOAEMECH, MEMIERE 50, Fig. 7, 8 LRBRGENITR 0T, &MEMOBNAH
LT, 2ROV TKDEIICEEDE T EIC Ui, 188, ATV — WIS EBRITE— FORKR TN

RIEMEICRk D 5NN DT, Table 3 X DAEM L1,

(1) RERMUT, R, EHRE M %2, Hz, kg/m? TRT L,

TLe*=20 log 10 fM —42.5 (6)

L85, T1abL, TL 328 (FM) OBEBERICIE 5, Fig. 9 3 Le&aRic>0T, fM ot
T5TL OEIMEE 7ry b LicbOTh b, JRE FM Ky s sl TL Th 5. ZOE»D,
FM)<10t & (FM) 10 D 2 DOHURTIE, TL OBANRIBLDMNbr 5, (FM)<10t TR, TL
FOER U TL R EV, T/, EEZP2.7mm, 4.0mm OS5I, 5.6mm, 12mm OAWRED
TL p5/NEVRINDS D IS A B0 TDXIIC, MilE fM K& »T, TL »OHHE M OBTAEHLL
Th, BOdb0iz & TL kx50, f & TLORFEERUHZE N2, THbE, fFEMOD
B, SHROBER) TL OREICEELTHNES EVZLS

—J, FEIDRILAZ/—F 4 7 V¥~ FTiE, Fig. 10 iKRkT &L, R TL ic20ico—K
L, BRICEAHEINOVESTH b, Fig. 11 O — FR— FTHE, TL L0#1E3, FM=103 T 4dB,
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60 AR Plywood
° P3
a P4
50 o pg
4 Pl2
w a P2y
% 40 -
-
'._
* 30+
51_1‘1_11(
W 20t
LY
o
O s o~
10 'A Afz:,o
/\‘ AO A;//Ar)/ g
7
o= ! |
3107 103 0 k o
B < BRE M (Hz o)
Fig. 9 REEXEHEICTT 2 AROEBREL
Transmission loss (T'L) of plywood against frequency X area
density (fM).
P3, P4, P6, P12, P21 :see Table 1; 7L, TLm : B#3 Theoretical formula ;
JeM : BRREW B < maEE Critical frequency X Area density
)
. = CL < 1‘@\
50 ST 2R F i
Particleboard «// 4\,/&//.
e e
o Pal3 B i /,./Qg a
~ 40 s Palb s T e e
Q e Paz20 T e 08
~— S e a
5 e
- )
- 30
K
W 0
o)
\'@ 10}
0 L L 1
3x10% 10% |0t 105

R EEE M (Hz - D)

Fig. 10 M XEBREICHT 57— 1+ 7 v li— FOBBIRAL
Transmission loss (TL) of particleboard against frequency X area
density (fM).

Pa13, Pa15, Pa20 : see Table 1; TL, TLm, fcM : Fig. 9 £{, same as Fig. 9.



% TL (dB)

Cl
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&= B

% B B %k TL(dB)

50

40|

30+
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H4, H5, SH12, SH15: see Table 1; 7L, TLm, fcM : Fig. 9 2

AAEFAM O LICEET AT 95 3 5 (8K « 798K - 1) —109 —

A
/AN—FR—F B I R \\\6/}:/ N
Hardboard Semihar dboard D2 Q.’L’Q’
o H4 e SH 2 P ///\/»@’
aHs 4 SH 15 A o
i S T JE el
2% 10* 1o* Ik 108

P < R M (Hz - 8

Fig. 11 JAEBXEEEICKT 5 7 7 4 /N— R — FOEBEK
Transmission loss (7'L) of fiberboard against frequency X area
density (yM).

4, same as Fig. 9.

&\i\\// Q/Ql’?
50 o FHI 5K~ F Plasterboard 'K\/\\\\f’/o’ «\,\/
® EJL&Z/EE Mortared wall //Q/.
a R F')L—Z Spruce board e ’A o ¢
a0 o o5
301
201
107
0 / | _ e S l_
2><|02 |0.’¢ 104 il

BB EEE M(Hz - )

e
Fig. 12 MEHXEREICW T -2 EH8E K
Transmission loss (7'L) against frequency X area density (fM).
TL, TLm : Fig. 9 &K, same as Fig. 0.
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Table 4. & B X © & ¥
Coefficients of empirical formulae (TL=b log fM —a)*
" el B X J;QM @%ﬁﬁ;ﬂ J;M @%T&I?
3 T ange o ange 0
Materials Thickness b a M b a 5%
(mm) (X10%) (X109
2.7 15.75 —33.25 0.4~9 24, 44 —76,21 1.4~10
4,0 16,31 —35.04 ” ” ” ”
N
13 —
Plywood 5.6 16,12 32.87 ” ” ” ”
12.0 15. 86 —32.03 ” ” ” ”
21.0 15,28 —30,02 ” ” ” ”
12,7 17.31 —38.70 0,3~12 24,13 —77,67 2~10
WN—=F 4 JNVE—-F _
Particleboard 19.2 16.66 36.74 ” ” ” ”
20,2 17,75 —40. 28 0.5~12 ” ” ”
N— N — F 3.9 14,39 —~27.57 0.3~12 35, 00 —126,51 2~10
Hardboard 4.9 16,29 —33. 46 ” ” ” ”
B FR—F | 119 16.49 —33.56 | 0.4~12 | 35,00 | —126.51 2~10
Semihardboard 14,8 16. 10 —31.74 ”. ” ” ”
2T — 2B | _ ~ 1 - ~5
Spruce board 11.4 11.96 23.0 0.4~12 20, 68 56.92 1~5
FHTHR—F _ —~ 5 — —~
Plasterboard 8.7 21.77 52,85 0.5~12 51,18 199,70 3~7
E )V A v BE _ — _ —~
Mortared wall 10 ”"M‘jiﬁ%é 55, 46 1~12 11.1% 10, 80 1~20
* ¥ Note TL:&ZifiE4% Transmission loss (dB),
f B ¥ ¥ Frequency (Hz),
M : T % E Area density (kg/m2).
Table 5. &£ B X O & ¥
Coefficients of empirical formulae (7TL=0'log f+a’)*
_ = 7 @
%) £l Materials Thickness b’ a’ Range of f
(mm) _Hz)
2.7 15,75 —31.20 300~6, 300
4,0 16. 31 —30. 00 200~4, 000
o %  Plywood 5.6 16.12 —24,22 100~2, 500
12,0 15, 86 —18.04 63~1, 000
21.0 15,28 —13.14 40~~700
12.7 17,31 —22,32 40~1, 300
N5 J VR —F Particleboard 15,2 16, 66 —19.73 30~1, 100
20,2 17,75 —20,32 40~900
3. 14,39 —19,00 80~-3, 000
N — F K — F Hardboard
4. 16,29 —21.74 63~2, 500
o . 11.9 16. 49 —19.25 30~1, 000
I oN—FE~F Semihardboard
14,8 16,10 -—16, 40 30~800
2z v - R W Spruce board 11,4 11,96 —14,69 80~-2, 500
AT 5 K - F Plasterboard 8.7 21.77 —34, 41 80~1,700
' X v B Mortared wall 10 22,46 —27.46 63~630

* 7& Note TL:i&EiRiE%

Transmission loss (dB),
f 8 ¥ ¥ Frequency (Hz).



BERAAMOIMMLICEE T 298 % 33 Bk - 200k - | —111—

FU< 10t T 3dB BEDHEICIE S, &

3\
2/

ik
A= FR- FEA-FR-FEOER Sz 2T o ©
DI, Fig. 12 B3RS HE—FrEn T
< ]
TL TH %, z 1 Oro@/) °o 0©°o
M @220 %I B85 &EO ’
TL OEHRAE Table 4 [CRT. $4, S2 10 ©
cm b f o« TL O FBR & 4 &, ) o
'mé 34‘— ©

Table 5 |{€/Rd, Table 4 ZH T,

FM=10%, 104 &€ 5055 TL (=TLa) o ©

ZFH LT, Fig. 13 1R, &HEH i i Zoo ’

DBE LT [M=10(f ISEES 8 gyl oo P

Tx) TR, BoAlo (Pe~P21) | asl o
D TLeat MR EVEICIE DI LT, =

NeF g puE—F, TCSR—F, = o
WENEE (A Y RATD) ahEnE C Y oo o6 °

Lisso LirL, fM=10tTQ, #%#& i b oo

DEBNKE L85, T TR LA é ° oo o

A E—F, NN O dTLIAFM) 2l o

i | Ll 1 Ll L1
(iﬂﬂ@%ﬂkk@%b(j\i%b\o é 1221 131520 5 5 |2‘5 TGBT

0 f—
b

~_ — e
BRI T A ERH ((2)30) 12 P Pa HSH Spruseportr
EUT, FIEOAGHL0° (FI)~78° Fig. 13 #— FORHIC X 5 EHEK
(TLcaI, Table 4)

CELGOEBNOEEINTHN S, T Comparison of calculated transmission
cxn, loss of boards (7'Lca;, Table 4).

P, Pa, H, SH, G: see Table 1; fM: {E

TLa=TLy—5 (7)) X H% ¥ Frequency X Area density

THZoNS Fig. 9~12 O B 13

(7)) RICEDHEHARDR LIco BpSMEOHIE L5, FM=100 TR, TLa i3 TL L O# 4dB X
T, TL A0 FNTOR ERBEORAA EIC 155, Linl, 108 TR TLn SJEOHHE O TL
LDEMNI~5AB HY, TLa THHAWWTERN, COFERELT, WORELAMERICK - TH
WO IVF—DBHEINLTENEZOND ‘

WOMNHSOHEE m &5 5L, COWMCTWOERPEBERTEE, RIFe SERAT2H F I3

e=¢ sin wt (8)

F= —¢&ym sin ot (9)
ETS Do wt A 0 IEENAT, Fi& Fysino OFEIIEICT 5, TLEMHEKLSLoMET Jniese
UCERIIAAEA 8 KB 20T, FEBBE/NESICETHE w ik

w=F-de=Fysin 6-d (& sin (6—3)) (10)

EEZOND, TNICHNMER E 28ATZE7, (1D A8ELSN5S
w=FE&? sin 0 cos 6 d 0+ E&2 sin? ¢ tan & db an
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Table6. = % v ¥ — &k B & & @
Relation between amount of energy loss and transmission

N FM=500 (Hz-kg/m?)
‘ %?/7$ — T TRAFE=
L7 = E X |Dynamic| 8 % E # ) o s | B B
| Younc’s ipE‘m ﬁ?m F)i %erﬁfi( Energy TL
Materials Thickness| modulus | Loss tangent b q loss
tude cy| 2
10 (x10 (dB)
(X10 erg/cm?
(mm) | dyn/cm?) () (Hz) ;
. sec)| B
2.7 4,37 0.02~-0.03% | 0,05 370 0.4 9
) R 5.6 4,85 ” | 0.4 145 10.6 10
Plywood . ' ' :
12,0 5,34 ” 1.5 65 73.5 11
12,7 2.78 0.02~0, 04% 0.5 57 4,9 8
WR—=F 4 JVR—F =
Particleboard 15.2 .15 ” ” | 48 4,7 8
20.2 3. 44 ” ” | 38 4.1 8
N F R F 3.9 5.82 0.02~0,04% | 1,0 126 92.1 1
Hardboard 4,9 7.02 ” ” 95 83. 8 11
B B | 119 2.81 0.02~0.03% | 1.5 68 40.5 11
Semihardboard 14,8 2. 62 ” ” 56 31,1 11

* 7F Note TF#f Underlines : = 3 V¥ —BLDEFIEICHE 72/ The values used to obtain energy loss.

(1D RoELE 2L, MHORTERICL2FOT A vF—OHEE (ZOREHN tan d) ZE®RLTE
O, FRE ficBd 2B%E v i,
w’ =mEs?2f tan & 12)
L8 B, CORE, FHOMET LT3 VF—I3 E, tans QIIHIC &2, fICkflT 4, Table 6 ici%
SED M ITBT B w OHEMEERT . COB, & BINEE»SEELARIETS D, tan s 2R
7 bat—2—EROTHE Lz, Table 6 5, w' iTid, &2 & f OEERKENTENDD 5,
WE, SGWREFICLTEINT 2 &, fM=500 D4, Fig. 9 XDARBENWRE, TL BALFORE
W, Table 6 T, HEAHIZE w MAKEVOT, FOLHANVF—MBR— FLk - TRREIN, D
B, TLWREL BT EBLOND, /3~ F 4 R~ FTIR, EEREM-Th, TLICEMNEL,
w HIFREUETH 2, N~ FR—FO w 3KEL, TLHKTHb, 2DOLIIL, TL & w OHE
BED D, fM I 5 TL OEBEHITE 5,
wiz, FMI>106 TR, a4 vy F Y23k -7, TLWh& 550D T, Table 4 DERAIL
BHTEIED,
MRlDEE ¢ (g/lem®), B4t (mm) L9752,
M =10pt (kg/m?) (13)
THoHoo, ik (4) AT 3L,

Fer—20C /1258 14)

2w E
285, MEROEBCR CMBTRESNEL ST, p EBRLEA, fcM BE—TH5, Fig. 9~11
DEMT LT, RO feM 23R L, £nEFE LT MICRHITED Lic, ARMEREAEOS
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2R S NN ELZTNAENZE B, TTT, »~— Ff—
loss FetIn—FR—~ VT, p, E BEIZEH, foM
fM=1,000 (Hz-kg/m2) EOCEICI - T B
I AV FE— . . - o

g | ﬁ; y\i% BV ZOVEET BB IE T BB ORI, A7 v—

B WA WEC Ehergy | TL
Ampli-  Frequen- loss 2T WM 72 Ahn <, TL My oS s,
ude Vx| @) 1 dymjemms & 5 85 109
w (H) erg/cm? E/=8x100dyn/cm? 25 &, fcM=5,8x103,
sec) Ey & EL OV 4100 % L2 & 8.2X108 T

0.007 740 0.01 14
0.03 290 0.12 15 Bo CAUCT TL % iR LT, FIMEIC X 5 T3N3 K
0.2 130 2,61 16 BT EMbhd, LA, M DD T TL A
0.1 114 0. 40 13 LT85T, feM ODEBRAIAHBTH L. RIED
” . 0.98 1 ITTEIARD b < SR TL A B IC X LTIRL

” 76 0.33 13

72D Fig. 14 TH D, cLd fe ZHBTIED,
0.15 252 4,14 16 o .

., 190 3.77 16 TOEBID DI, fe DEHIC HSHLETVEDEH
"""" A, £ DE— FEO TL OE R 8~13 dB Fipe
. 156 L 44 16 o7 % < i &R TR

, 1w = 16 THY, fM EBESHE TLIEFHALT (2), (6)
HXOBHRESRICHET 5, (14 R AEMBTHIR
CHEAITEEDT, p L EAFA—2ELT, LT
A9 5 fe ZFMELT Fig. 15 IR LK, p DVNT, §, EMNAKTHDE fe NEH LD hHFENMEFLT
{BDT, WEHEFAMTH D, 158, Table 4 DEOAR fe AREY, TL ORIEBEEDERROHK
Thbo
2. BERAZIOFEEIEX

AR ONH T, ABIS—ERDRETS, MEERIIC, R~ FRERTHLEE, ZORKICE-T
SEEEEI S, MEEE S OBAMNLLOT, 2HWEEL OV FhE2 BEEAET, 2T, K

— FEEBSELZTOLOERE R~ FETFY, fEs\BEERINLTNS
(1) BER-—v 50 -

[SS]
=

Fig. 16 i€ 2%~ 54 7 K—F
(Pa1%) %27, 3ECHELEL 8
—F O TL AR, HEBLk, & }__J wl
— FREFINTHIEODT, F— K (Oﬁ,.ofﬂ\owo,OVKO’*\HH)47@4/ ’
FOMICHBBETL T 5 S BGR 3L u -l /o/
3o BEH-FOTLIE, 2 3K P
D~ ¥ T AU, 1 Bl o
KD TL @2, 350 TLIiC 513
TThbH, Thi Fig. 16 DN s o0 o2 05 i 2 5 10
¥ TLIC>THEIT 2L, 18 B Bt (kHz)

; . . Fig. 14 < SEEDE R EICHE 558 Y
BEIC T, B 2 RO TL 1 ”g 'd*o, <5 'H(fiz:ﬁ( X395 BRI
Transmission loss (TL) of the logs wall

S5ABREEAE L AT TELL, panel against frequency (f).
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Young's modulus
E (X10" dyn/em?)
3
12\ B )
4.\ Specific gravity
p=0.5

Jidd 58306 %
E
3
12

=

critical frequency (fc).

60

& B 8%k TL (dB)

&t (mm)

Fig. 15 REMFOE X LRFAPEKOBEK

Relation between thickness of wood-based materials (¢) and

o] e Pal3

L 1

(%
[=}

OI.S | 2
B O % f (kHz)

Fig. 16 @/ *—F 4+ 7 VviE— FOBEBEE
Transmission loss (7TL) of laminated particleboards.
Pa13, 2Pal3, 3Pal3:see Table 1; M : [HHE Area density
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60 IN=F 4 ZJR—Fs3FI)L Particleboard panel
o Pal3
o 2Pal3-—4 —
sob & 2Pal3- 6 P
4 2Pal3-8 i G
“{:‘\\ AN .//’
-~ N NN E
S wh A/A///. \'%‘é/ﬂ\\/ /K
N PEA
- 7 /
A o /
e g o
iK 30F f/zltA/A/// 4 Ag/,u \\ /
b = Fig. 17 hZEBOES &&EBRE
. > o_ / .
) a0l /-\7{/ //r / S Relation between hollow-core
) o ////"/\\g/ N’ thickness and transmission
:\/@/A7’é/ : loss (TL).
10 /6’/':&5 Pa13:see Table 1;2Pal3-4, 6, 8:
d see Table 2.
(IR — 1 | 1 1 i ! |
0.06 0.1 0.2 0.5 | 2 5 10

B B (kHz)

HIRAWHD TL 2Vt d 25 &, 1HEE 24.6dB, @2 HE 29.5dB Th 5, hoF— FOEA% Fig.
B2WRT . CNTH 4~-5dB REW T &sbd b, —7, BELI2E, 3EEL -KEAT, HEH
(63) 1Ic2M, 3M (M :\EmE) #RALTH L, COFEEIEE Fig. 16 KPR Lo, #EE 2
M, 3M OBE#HIZ, FHIDITNELECAEH A, TL OKRE I EHMEBICHT 2H%E 20 ngE
DLTO D, TOREE, BB, &8— FENNLEEF, HM\&ZLT, BENABEHATE 2T &b
72,

(2) 2HEBEE 3HEEE

Fig. 17 13, /=5 4 J VR~ FEBEXORE AP (4, 6, 8cm) (C &3 Uk, h222HEeED TL
Thbo 1ERICHIELT, hEMBED/ <2V TR, 200Hz~1kHz i3 T, TL OENBsELNT &
Bohrbd, 34 VY FVRHBEICIAE TS 1HELIORET, 1.6kHz £ 6.3kHz it T, 5dB
BEOEWRICE T3, LrL, 200Hz IFTIE, 2&FEED TL (31 EBEFICETLTOE D058
oMb, Ff, PEFOEIN, 4, 6, 8cm DFAD TL OVIER, 32.2, 33.6, 35.4dB DT &
<, EOETHIBD LT DREIE, TEicE, MRECLk, —EFEH hWEBOEIICNT S
TL %77, 2 EHED TL OFHEIT 27~34dB ORIBHICH D, MERITE, &HHIEL, ATINR
— FARE,

Fig. 18~25 13, B vxo & U TR, 2@ 8 cm OBED TL ORI B4R . 500 He,

T, WN—=F 4 JWE—F, "= FE—F, HLHIR—FD TL IRz, 7, 0.5~>1kHz (1oct) iT
BT 5 TL 0BG, REMEORESSHONEEE LY, 2kHz #BETHLNE a4 vV F YV 2%E
i3, zoaniEl, TL OET®ETH %, 727201, Fig. 18 ®P6, Fig. 23 DGI TRENRITIE -
TWb, —7, Fig. 19 0 k5, TL OEFHIIEAERNEDEH 5,

Fig. 26 B4#H (P6) O 2EEEE 3HEED TL 2 Lcb DT, Aid 4cm Th 3, Bhkic Fig.
27~31 &, 1EEE GR— 1), 2R, 3EEEORIKTH %, 10k, 3EETH I AMMERTA LIS
12, TL 25 2~3dB O¥ic L & 20T, M5B Lic, fFEBREINL,
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60
—— P
o 2P6—8 o8
50 —e— 2P6—8W £=0.1 /o/
N °/ @
o "///CLO/O/(\/;O
Z aop ik - ; ;
- V4 N / Fig. 18 A# v @ 1 EEEL 2 HEE
= @ ;/ DEREEEES
K 30l /j Transmission loss (TL) of single
L4 /‘\/O/'L wall and twofolu wall of plywood
) W panel against frequency (f).
w / / P 6:see Table 1; 2P 6-8, 8W :sce
“ee. ,//‘)/ 1\ Table 2 ; fc: [RAEFEH Critical fre-
\O o~ ,,/ fe quency ; frm : J$t I8 J& J% #{ Resonant
10}- \3// e frequency ; £ : (25) & (ROBHE) /¥
C /r — # Parameter of Eq. 25 (dashed
fem line)
0Lt ! ! I ) ] i |
0.06 0.1 0.2 0.5 | 2 5 10
B O B f (kHz)
60
— PI2
~o— 2P12—8 S
50 —8- 2P)12—-8W /r/%/‘
~ £=1.0 /2\
g et
= o e—e O
__] 40 cg\,//ft/ 500"
- ’%70 /
K //;/ /
Fig. 19 A vo 1 BhEE 2 HE 30 ./‘O/ /\\ /\
DB BRK ) 0 -
Transmission loss (7L) of single ) 20 Q;;s/,,/
wall and twofold wall of plywood Y I fe
panel. o&;@éo/ o]
P12 :see Table 1;2P12-8, 8W : see Lo
Table 2; fc, frm, £ : Fig. 18 B, q‘
same as Fig. 18. frm
0 1 Lo L L L L ] ]
0.06 0.1 0.2 0.5 | 2 5 10
B Ok (kHz)
60
[ - Pal3
o 2Pal3-8 /%?3
sok e 2Pal3--8wW feio ,_%/
m
Z ik
3 40
'—
K b Fig. 20 ,S—F 4 7 UH— F/¥3 L0
LUt 1 ERE L 2 EEEOBBIEL
rg) Transmission loss (TL) of single
W 200 wall and twofold wall of particle-
board panel.
ok Pal13 :see Table 1 ; 2Pal3-8, 8W:
see Table 2; fc, frm, & : Fig. 18 W,
same as Fig. 18.
0 1 1 | L ! ]
0.06 0.1 0.2 0.5 | 2 5 10

B g (kHz)
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60
— H&
AR P S
5 o
ﬁf%@f\,»f
w 4 © O\S\O/C(
m Vol
S # 4
- /
» /
# N / . . i
L \ / Fig. 21 /~n— Ff~ Foe3 0D 1 HiE
[ilid / "_‘ o .
® \v/ & 2 WEEDEIIE L
= Transmission loss (TL) of single
) A wall and twofold wall of hard-
| fc
board panel.
H5: see Table 1, 2H5-8, 8W : see
Table 2 ; fc, frm, & : Fig. 18 &M,
same as Fig. 18.
{ | 1 It A L | |
0.06 0.1 0.2 0.5 | 2 5 10
B 1 (kHz)
60
— SH12
O 28HI2-8
50 |- ~8- 25H(2-8W e
% 40
.
- . e e e =
Fig. 22 43I, —FE~— 570D 1 K 0
ik - 2 TR DEBIA m
Transmission loss (TL) of single ;EJ
wall and twofold wall of semi- '~ 20T
hardboard panel. H
SH 12 : see Table 1;2S H 12-8, 8W : 10 -
see Table 2; fc, frm, & : Fig. 18 B, X
same as Fig. 18. fom
! I : ! ! G 1 I
0.06 0.1 0.2 0.5 i 2 5 10
B & % (Hz)
60
— G9 £
&=0.1
~0— 2G9 -8 , 2=
50 H- —8— 2G9—-8W S 7
50 ///0\::5\\‘D K./ Vs
el Q) /
¥ Y/
401 Z/%/“ g

% B %k TL(dB)

{ I

Fig. 23 AT AR~ Foexvp 1 Tk
& 2 TEEDBMEK
Transmission loss (7T'L) of single
wall and twofold wall of plaster-
board panel.
G9 : see Table 1 ; 2G9-8, 8W : see
Table 2 ; fc, frm, & : Fig. 18 &g,

same as Fig. 18.
L ¢ I

0.5 |

2

w1

B ik B (kHz)
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601
— G9
- Pal3
501 —O—- 2Pal3-G9—-8
. —— 2Pal3-GI—8W
m
=
<~ 40
.
-
K 3l
L4
)
o) 0L
®l
ok
1 It ! | I 1 L
0.06 0.1 0.2 0.5 | 2 5 10
7B ik 2 f (kHz)
60
— G9
—- PI2
501

Fig. 25 &M« BC S E— K/ 0D
1 ERE L 2 EEED BB
Transmission loss (TL) of single
wall and twofold wall of plywood
and plasterboard panel against
frequency (f).
G9, P12 :see Table 1;2P12:G9-8,

8W : see Table 2; fc, £ : Fig. 18 8,
same as Fig. 18.

& @8 % TL(dB)

~

S

~@- 2P[2-GI—-8W

5% 306 %5

Fig. 24 +8—5 4 J B~ F « FTS
R— F¥500 O 1 EBEE 2 F/EE D
FERE

Transmission loss (TL) of single
wall and twofold wall of particle-
board and plasterboard panel.

G9, Pal3:see Table 13; 2Pal3-G9-8,
8W :see Table 2; fc, £: Table 18 &
fd, same as Table 18.

| | 1 1

0.2
60 -
e Ps
° 2P6—4 L E=00
50 e 2P6—4W A 7
s 3P6—4 TN Y
A/’,o/ A NG/
— a 3PG—aW e/ e/ NN/
D 4ok P 0.5\\3/ % »
= ‘/a——-/./’ Pl \ o I
< aras: s 0~ /
= Sy
30 //A/// J/ e Ve o
K T Vo A/ % /
— // 4 a
ol pema’ Vi ol o—o \
- A//.\'///A o// /'/ E/
@ 20 - ar /
Ny ) g
"W //24/*7'3/\/%)/0
g;o—\m.\/o*/xg\(j\o
1oL é><‘2><§/,\‘2:’~2/ o
D/UAD\
L 1 1 | L i ] -
0.06 0.1 0.2 0.5 | 2 5 10

B g #f (kHz)

0{5 |
B Bt (kHo)

2

Fig. 26 A%/ A VD1, 2, 3EED

PRk~

Transmission loss (TL) of single,
twofold and threefold wall of
plywood panel against frequency
.

P6:see Tablel; 2P 6-4, 4W, 3P 64,
4W : see Table 2 ; &: (25) X (DB
) D/¥F A —4 Parameter of Eq. 25
(dashed line)
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60
— P2
-—-—-2PI12
50k A 2PI2—4
O 3PI2—-4
40+
=) . s _
3 a0bk Fig. 27 &hcxvol, 2, 3ERD
- P OE=UN
= . Transmission loss (TL) of single,
#* 20 twofold and threefold wall of ply-
% wood panel against frequency (f).
@
ﬁé“m— P12, 2P 12 : see Table 1 ;2P 12-4, 3P
’ 12-4 : see Table 2 ; ¢ : Fig. 26 &,
same as Fig. 26.
O 1 1 1 1 1 SS—
0.06 0.1 0.2 0.5 | 2 5 10
Bk #H f (kHz)
60
- Pal3
"""" 2Pal3
50(- A& 2Pal3--4
o 3Pal3—4 o
7
o
a0} g
: @ T
Fig. 28 /¥—F 4 7 VAR — FX2 00D % /7/// 4 //
— S // 7 ~y 3
1, 2, 3 ERED BB o dor f;%ﬁykv{/)/
Transmission loss (7'L) of single, -5 /A;Af/:;/
twofold and threefold wall of S AL
particleboard panel against fre- % | /\ﬁ(l/o/\/é\f//\\///
5 7Y
quency (f). pr of
Pa13, 2Pal3:see Table 1;2Pal3-4, (ol &
3Pal3-4:see Table 2; &: Fig. 26 &
#4, same as Fig. 26.
ol ! L ! ! ! I I
0.06 0.1 0.2 0.5 I 2 5 10

HEBEETL (dB)

Ak B f (kHz)

Fig. 29 /N~ FR—Fx2roDl, 2, 3
ERED BB K
Transmission loss (TL) of single,
twofold and threefold wall of
hardboard panel against fre-
quency (f).
Hb5, 2H5:see Table 1;2H5-4, 3H
5-4 :see Table 2 ; &:Fig. 26 &4,
same as Fig. 26.

O‘.2 Ul.5 |
B o # f (kHz)

0 i L
0.06 0.1
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—120 — MEESBRIE T
601
— SHI2
== 2SHI2
50} A 28H—4
O 3SH—4
40+
30f
/////‘/
20} s
57 //
//// 5 /
1o} %6 4
0 1 | 1 1 L |
0.06 0.1 0.2 0.5 | 2 5

Bk % f (kHz)

Fig. 31 FHT HE—~F 320D, 2, 3

)
)

FHEEEL TlLav (dB

ERED BBIRK )
Transmission loss (TL) of single, ™
twofold and threefold wall of i
plasterboard panel against fre-
quency (f). fé
G9,2G9:see Table 1;2G9-4, 3G @
9-4:see Table 2 ; £:Fig. 26 M, W

same as Fig. 26.

Fig. 30 & I /n— FKR—F%32vd 1,

2, 3 EEEQFBEE
Transmission loss (7'L) of single,
twofold and threefold wall of
semihardboard panel against fre-
quency (f).

SH12, 2SH 12 : see Table 1; 2SHA{4,
3SH 4 : see Table 2; & : Fig. 26 B,
same as Fig. 26.

i L L 1

\ L L
0.06 0.1 0.2 0.5 | 2 5 10
B ok % f (kHz)
40—
A 30 ) —aw
- 3C )4 g0 A 20 )—4W
Ao /j 2( )-8 o ~E A ,/A 2( ) —-8W
Sl S| /A N /A\\ /
/ o /a2 )4 \XA and \\\~A7/
o n \A/// A< A
30+ & P "4 e 2( )
AT g N
@ . N N o e
x/ Nig. 82 A— FROBE SR LOTYE
¢ BV
- o () . .
oo Average transmission loss
o (TLav.) of wall panels.
(): R —FZLEX Sample board
20t and its thickness.
| | 1 1 i | { { [ I I
P P Pa H SH G P P Pa H SH G
6 12 13 5 12 9 6 12 13 5 12 9
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Table 7. & # 8 X O ¥

Increment of transmission loss

N . o7 @ 2 T Kt Twofold wall l%re%f()ld
Face board Hé)(l)lrzw av. TL av. TL 4TL Z,V%li
at 500Hz | at 1kHz Tioct. Toct,
(P6) —*1 25 38 13 10
ay I ” G W*2 30 40 10 10
Plywood (P12) — 28 37 9 10
” GW 31 39 8 7
ST PR~ F (Pa13) s 32 40 8 10
Particleboard P GW ‘ 35 4] 6 :
N F R — F (H_E)) — 27 40 13 10
Hardboard ” GW 32 44 12 3
&3 n— FRE—F (SH12) 31 ‘ 38 7 7
Semihardboard ” GW 34 } 39 5 3
R T (G9) — | 33 | 40 7
Plasterboard ” GW i 36 ‘ 42 6

*1 MEfEICH 5 R
*2  EEICH T A%

AZHTA UM, Hollow core is not filled with glass wool.
A A TAT S, Hollow core is filled with glass wool.

STHED TL 2 EREL D 3~4dBBE RS {200 ZHEHTRHRD LN D, 2 EREE RO HR
LUT, Jiikh 200Hz LI N& 6.3kHz LLR T, 1EEDRE 2 B0 TL L 23R UEEO R X
Xl he Uirl, TL O FToBaiskEnc s, 1kHz X0 3 v v7 v 22— U 54
eI T, TL DIEFRDL, 1EBEEDERBDODTAED, D, COFBTIR2EREDLSHE

RELTNE, CNLIE3EBEDT SALHREE VA b,
Fig. 82 ZMBIAIDEBE 2 v DY Utc TL TH b, () BE—FEERLTED, 2( )4 [ddzE

Bt dem D2EBEDT ETH Do AANBPEEICH 7 ABHALTALILEETH 5, () X0, 20)
-4 FiR () Cne A TL OBWMAKREEETH 05, 2()-8 X0 3( )4 ~DEKIIDI, 4T 30
dB VI biciz s &, TL A#EINSE2008RBIEBTHLEL T EEBKT 5, BMIciEShizc2, 3
FEEIRDDEDL D D, BEEML TS, TL OBENRLRDLEOEVONTN S

(3) 77 AMHMDOH T AR

O, 1 THUB Uz EREMT, #7 A2 RTA LI, 2tk -T, TLEBEmMT 558, FRICH
LD, TlE 2 BREIC DWW TBLC B 3 5,

ZE G 4~8 cm DESAICDNT, MRME<D2IZ, HTAK LS TL O¥ng, LHiEEc>0T
T AETHRDTELTH b,

P6 :3.4dB, P12:1.8dB, Pa13:0.9dB, H5 :1.7dB, SH12:1.1dB, G 9 :1.3dB

ZDXEHIC, HT AMWHD XD R FEMEIORTAICE - 1~3dB QIEF D EMBTEETH 5o
Fig. 18~25 T3, &P DO TORTAREE R LIS DTH 558, JHFHICHT 2468 AS
N, T, 3EMETS, 1~3dB o#Enicis - Ty, Fig. 32 ¢, 2EBEIRELTRINTH



—122 — WEHABRIBT S #3065

%o
(4) 2EEEE 3EEEQBBHEK OHER
hZEfgs & 2 EEDOHESBBEOERICOVTE, EAEEINTEEOERORD S,

TLy=10 log 10[1+4< ’C) {cos kd— ( ,C>sm kd} ] (15)

BEPNTNED, 2L, k=0/C, d: FZEBEOREITH 5, (16) XEANT, Fig. 17 O 2Pa13-8
D 500Hz @ TL %5183 5 &, TLy=63dB /2D, FHO 34dB Dy 2 f5IC/E - T 5, BEEITK
> Tid, (15) RRFRMEICHEE LI e L L, (15 RXOFEETE S, 2HEEOIRMAWE fm
ﬂi:

fm:%;zgg (16)

L15B®, COREHT, 2EEEEMRT 500, FOBBNLABEEVDNTNE, VF, HERLE
2EBECONT fro RFHET S L, RilIMRIC I > TR 25, fm=100~150 Hz O#IHic/s D, 2F&
BEQRM Lie TL DIETRIE E kK —#§F %, Fig. 18~23 T, [ ZRHITHRLE, ERPSHLH
BESIC frm APET TLIZ1EEE (£~ 1) WICEFLT, MB0TEL, BEEESELETLT
VBONDE, (15) RIFCOEKT, EHTHD, TORD f=fm TR, TL—01C7 5o
CoTE, 2EEOEEE, (15) Nckd¥, HBUELHLEND, BEOD 5RBIRER~HEH
S =
2 EREQH BN, 1 RS Rk,
TLy=20 log 10 2M f—42.5
TLy=TL,—10 log 10(0. 23(TLy)) an
BT BET B, AL mass YRETTHE0 0, HEOHEE ¥ 57w, Fig 33 (A) o,
HR, N3, FVaRy FOEAES DRIAEMO S, HE m CRE ) F=Fosin of SRR Lk &
DRSO EH SRR,

mi+ci+ Ex=F,sin wt 18)
&80, x i ZELAL, o WEHHESURE, B MAHEBRKTH L, TORIBY, c=2am, od=E/m B &,
x = Fo/m sin (wt—8)=a sin (wt—2?) 19)

V (oot — oD daPa?
THb, 8T, Fig. 33 (B) O¥FRVE LK, N Fo tRE e %L 5L, %13,

i =aw cos (wt—7) (20)
LI ST, WIBIY w2 (HOBAIINT bV wa TREND, N— R bb' 1l < HZWMES Ea &k
5 coa DETCIE LS,

P =~ (Ea)*+ (con)® €2y
135, CHIT2EED STHOEKCZEIN I FLICHNT 25, EBBKE BBKT RRTE LD
5, HDEEREr E§5L

c22

(22)

Fo
DGEND, Fo=Es £ &, si3 R ltd 2MNENTH 5, CNEHOTr ZESEHT &,
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(a)
m
: % B
{\ Fig.33 4E#% Vibrational system.
i 2 a
h—— B
_a [ et
7—43¢1+TEQ (23)
55, (19) &Y als kw5 &,
a _ 1
= (24)

w? \2 w?
«\/(1_“*07) +4a42——(;¥—
(24 X% (23) RicRAT B &,
w 2
J1+%%Eﬁ
r=\/{1_( ” >z}'2+452 " >z (25)
“wo. (wo
FTTIP OB LI, ad=E/m, 2a=c/m, t=alwy, wo=27fm, o=2nf ThHb, LIch-T, HD
fEiE D B3R 7B BRI

TLy=10 log 1o( L) (26)
&Y, EOEBANCINA Z
71m=711+713:71+10mgm(%> (27

&18%

@D REANT, #7ABHEALETALTHEROEAO 2 \BEHCDWTEHE LT, Fig. 18~25 ki
DERRTIR Uice 1220, BEHED & A2,97 4 — £ & UTO0.1~1.0 OHIATEH ¥, FUEEELD XD
HigRic Uico & DERARICR Uz, CORBTTE, MmN FTERMEELEBENL B LT

SEEEICOWTIE A7) RicsMf ZRAL, @) REMCT2EBERAUL D ICHE Lz, 3HEE
A Fig. 26~31 KR Lz, COBALERBEHBNIS—H LTS, 27EL, 2EkEd 3 HE

OEALERAOBAREIZaA Yo F v 2OBLN A HIEHLITTH 5

IR ORMEVEEICINA T, MR OBIRK P05 3 2 @HSTHIT, TR, 74 —42&
LTHintce E2PATHDE, HRMROESEZLTHEMEMNLTL S

—7, 100Hz X o/hxwnEcaro TLIZ, (27) RXORs<, #EThid, @7) ik 100Hz 2T

TRES T ENTEY, 2 EED 100~1,000 Hz 2B 2 BHEEERTOICHENTH %,



Fig. 34 1z, =W 2 VEE, ZhHITH
BAEL LED TL OREBELE
R ERBICKH LT, TL 2N
BELHT, EIEFHTR, TL
DIETBDIEN e frm BEEFETIROD
5, BEROD 2 WEEX D5 SNIHEAE
BoTng, B, ACH5FE~F
15E ERBE MR OESIEEOET LA
B TEAbDTH D

3. BEEY D HERIC & 5 TEABRE

BBEI A FERDFEF D BB DR
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60

© 2MI0-PI2—4
® M0 o

s0f Vs
@ S \O/Or\@\x//%\é/
40 w o
T—j e

S e
lolad
K 301 Jn—o‘?/
um </'.’/of
o}
] /O/./
\@ 20 - /
P
o3
&
10+
0Lt L L L 1 L L 1
0.06 0.1 0.2 0.5 | 2 5

B it (kH2)
Fig. 34 = 2B (M10) & EEw 2OVRE
(2M10 » P12-4) DiEBEEE
Transmission loss (T'L) of mortared wall

(M10) and exterior mortar-finished wall
(2M10 - P12-4) against frequency (f).

VINTEDLK,

Fig. 35, 36 Ti%, Hllic 2e—F OF

<, COBERBMNEREREEL TS X,
0= DIEmE LMD

X D4 ((90 —55) & > X 100%)

FRD Q WD TL %k~ % L, Fig. 35 4RO ETHTR, TL=

BEAHOBELXVTRL,
720 WRERFE 2 ADYEEFA IR SABEHRR TS 5, VIBEMEOLZMOIS
CTHNERRE Q LT, RO

EREODT B, INEEDORH T —
THREEZBLTHL, O, 3, () OF
T, AY—F OHBEAHE Ui,
WIRERERE, WA O T #REE &5 85 D UIHE
XD 2HICHERELT, AE~FLEKD
e, PRICE & ENDEBAE I~

REHICHE U IREEA R D L
i3, REABE © B
EEEEZ %,

X100 (%)

30, 33dB—Q=>53, 62%, Fig.

36 Dt—F 4 JVE—FOFFHTIE, TL=33, 34dB—»@=63, 69%, Fig. 37 ®=Env 2D FFET

i3, TL=31, 34dB—-Q=50, 68% L11h, TL & Q OI/NEEHIZ

ERHRLTN 5, 1%, 2%, 3E

BEICDNT Q L PFBOIGHERBI NS /D Fig. 38 TH 5, %/, Table 8 ik DFE]

& - THRHE LT,

nNareEs, AE—TOEER

(4 W) O ULB/NERBIZNEWHEICE S
N 2Z ¥ (TLav 22dB) 2356.5 & v,

o Ll

CORICEDE, Q% TL O/PhENTEEE,
AR~ FOXDICHEBRENS DILE, pkl, BEOBZIC

Fig. 39 13, AMBHAOBEEZBLTRALTL 32— L~V OEEE!
FHLT, AC—FONE (KETH)
OFERRAE TL TRUTHENCED Lic, 2 BEECHIKL T,

=T g PR~ F, BVRVEE, O

B2 R I 1T 78 5 T2
CE-T, BRADRE—FHT 27 &

BT & 3B/ NE B, B

5 AMMEA FTA Ui KTERERR O 3 TR

BEIRE R ZE
B HBE (TLav 24dB) 2355 % Y TH D,

> THPEEENT N, 2T
2 TEE LTOEIC

%o R TH 570, MR ERDOUMNB>FIZL VXS bbb, LHL, TLaw OBEMICH
T AE/NUHEETEORDENRESO LS ICREN DT, TL SAEERS L2020 50 5 Al
Bohi, 4%, WEBEDOM LoD OBNBKETH 5
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< 10 2Pal3—8 ©
AN o
e 8 -
X A/ ©
~ 6 - O
L 2P6—8W Ao 4
o A SN A
” o) N
w8 © 2t /
N = A
= 6 % 0 L O L ] 1
— 60 70 80 100
4 © wor 2Pal3—8W f
A
2 » © by
(@ we 8 o}
0 L oa=l 1 | sk A
60 70 80 90 m 6
A —FDAE & P (Phone) L
Fig. 35 2AE—FOARS S X HHE /
Relation between sound level of speech (P) 21~ A~ ©
. A . &
and intelligibility o?tsuie of wall (C). , | OMQ I .
2P 6-8, 8W : see Table 2 60 70 30 90
AE—FDKES P (Phone)
. A
10 M10 N Fig. 36 AC—F Ok S & VB
3 N Relation between sound level of speech (P)
A and intelligibility outside of wall (C).
8 2Pa13-8, 8W : see Table 2.
4
NN
o 7N
Y 0 L ALQl I !
N 60 70 80 30
O .
0T omie-Piz—4 50
o 5 /é
ﬁtﬁ 8 o)
m 6 Fig. 37 2 —F0Ok& S LIARE
4 Relation between sound level of speech (P)
and intelligibility outside of wall (C).
P M 10, 2 M 10-P 124 : see Table 1 and 2.
@]
0 ! AO | |
60 70 80 90

AE—FDKE & P (Phone)
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[0 -
N .
9 o o o
é o o FPoo 0 & ©
o 5- . %% °Zii§’o ® 0
&f_( OOO o O’JO
Bl
g ’ o O ©
K" 2L 0 o
020 I 3‘:0 I AID SJO
REHOTHFEBEK Av. TL(m)(dB)
Fig. 38 BE 1 vORFROFEEBIESR & A ©—F ORPHE

Relation between average transmission loss in the middle frequency

range (av. TL(m))

and unintelligibility of speech (Q).

av. TL(m) OFHEF Frequency range of av. TL(m) : 135~1,600 Hz.

Table 8, 2 v — F © R W & E
Unintelligibility of speech outside of wall
Panels Unintelligibility TLav
Q (% (40 Hz~1 kHz)

2 ® BE Twofold wall

2P6-4, 6, 8, 4W, 6W, 8W 0. 46~ 0,55 ~0, 62 30.2

2 P12 ” 0.59~ 0. 63 ~0, 69 31.0

2Pal3 P 0. 61~0, 665~0. 71 32.4

2H5 ” 0. 60~ 0, 63 ~0. 67 32.7

2 SHI2 ” 0.55~ 0. 60 ~0. 66 31.6

2G?9 " 0.57~ 0. 62 ~0. 66 33.6

2Pal3:G9  # 0. 56~ 0. 64 ~0, 69 34,2
3 T B Threefold wall

3 P6-4, 4W 0. 60 32,4

3P12 » 0. 68 33.8

3Pal3 » 0.70 34, 4

3HS 0. 66 34. 4

3SH12~ 0. 63 34,1
2T — AW Spruce board é 0.14 22
& Ii5a Plywood (12 mm) 0,22 23
2—F ¢ 7 )R — F  Particleboard (13 mm) 0.26 24
N— FR—=F Hardboard (5 mm) 0.21 24
HE L b BE Logs wall panel 0.22~ 0. 26 ~0.35 24
E )V AV EE Mortared wall 0,50 32
e 2vEE  Exterior mortar-finished wall 0.68 35.5

& Note F# Underlines : SE#{E Average values.
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a5 3 |- level (T'Lav.) of wall panel and intel-
4 O e PR
¢ D o 5 ligible sound level of speech.
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ﬂ%‘, = 6 il GW #£T A Same wall with glass wool ; 3 :
= = A AT D R— FrhZE 23EE: Hollow-core twofold
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| . . e wall with glass wool ; 7 : £V & JVBE Mortared
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30 31 32 33 34 35 wall, TLav OJ)EHII] Frequency range

¥ ERia% Tlav (dB) of TLav.: 40Hz~10kHz.
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Appendix-Table 1. # — F © % # #H %
Transmission loss of boards
B x| e I Frequency (Hz)
%1 R Thick- | Area ‘ 7 O~
Materials ness density) g 250 500 | 1,000 | 2,000 | 4,000 | 1kHz
(mm) |(kg/m?) av.
2.7 1.35 7 8 10 15 22 | 26 14
40| 2.02 7 7 13 18 26 26 16
N
Plywood 5.6 3.44 8 15 18 24 28 23 20
12,0 | 7.62 15 19 23 30 25 30 23
21,0 12.74 20 | 22 26 26 32 34 25
i
12.7 | 8.85 13 20 24 30 23 22 24
"”P;;gcfeﬁg‘rg F 15.2 | 10,49 15 19 27 29 23 32 24
20.2 | 13.33 17 20 29 29 30 33 26
= KR —F 3.9 3. 94 17 18 24 28 23 21
Hardboard 49 5,25 10 17 21 27 33 29 24
Bl FgE—F | L9 738 16 20 24 29 29 28 24
Semihardboard 14,8 8.98 17 21 27 31 26 31 26
épiu}c '”e ;(;r%" 11.4| 4,95 9 12 20 21 26 28 19
Logs wall panel (30 26, 46 i8 25 27 27 26 26 24
;,Iisferi‘o; g 8.7| 7.03 1 17 26 31 34 27 25
e
ﬁoi‘gaid’“wéﬁ 10 17.86 20 27 34 36 39 | 41 32
A 73 VBRI |
Melamine resin 1.5 2,09 7 10 13 21 27 29 19
board |
S AN N b | |
Compféggé‘(‘ftstraw 50 | 2608 37 37 | 44 40 4| 43 40
(mat ) B | : | |
Appendix-Table 2. B ¥ x v O 5 # 8 %
Transmission loss of wall panels
B ¥ Frequency (Hz)
LR S 7 T
| | 40 Hz~
Wall panel 125 25 500 | 1,000 2,000 4,000 10 kHz
av.
o A i
Plywood panel |
2P6—4 13 15 2 37 41 37 27.2
” 6 13 19 25 | a3z 41 34 | 27.8
” 8 11 22 28 39 44 40 30. 4
” AW 14 23 31 | 39 44 40 31.5
" 6W 14 24 30 40 41 38 31.5
” 8 W 13 24 28 40 45 40 32.8
3P6—4 10 20 31 41 48 41 30.8
" AW 11 26 35 45 50 45 34.0
2 Plo—4 14 21 26 35 39 38 29,2
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Appendix-Table 2. o3& (Continued)

} . B W ¥ Frequency (Hz)
E;i‘Waltl\l p/;hneljv 40 Hz~
125 250 500 1,000 2,000 4,000 10 kHz
av.,
2P12—6 |13 21 28 39 38 41 29.8
p 8 15 24 29 37 40 42 31.2
" AW 18 25 32 37 41 38 31.8
” 6W |17 26 33 42 39 44 32.4
” 8W L1 24 27 37 42 44 31.3
3 Pl12—4 16 25 32 42 44 42 33.0
” 4W 20 28 35 42 43 43 34.6
IN— T g PR — VRV
Particleboard panel :
2Pai3—a4 18 |25 31 39 40 38 31,3
” 6 o | 2z | 32 | a2 | 4 | a2 31.4
N 18 2 34 | 40 42 44 33.2
v 4W S T T S R 41 45 38 1.8
" 6W |18 | 27z . 35 40 44 45 | 328
v 8W 18 29 34 41 43 46 | 340
3Pal3—4 .13 27 36 46 47 42 34.1
” 4W 3 |2z 40 L 47 48 43 34.6
PN Y
Hardboard panel !
2H5—4 | 11 20 27 4 46 43 32.0
A 13 21 28 38 42 43 30. 4
v 8 13 | 22 27 40 | 4s 45 | 334
v AW Y 26 82 45 46 44 33.2
r o 6W 15 27 33 a4 44 44 33.4
” 8W 14 27 32 | 45 48 46 34,2
3H5—4 | 8 23 34 44 50 43 | 33.6
v AW .15 28 a4 50 | 42 | 3.2
e B — oL ' |
Semihardboard panel ‘
2SHIZ—4 17 25 30 3 41 41 | 208
” 6 19 | 28 32 41 42 40 ; 32.5
” 8 18 f 24 30 37 40 39 ‘v 30.7
” 4 W 18 i 25 33 37 42 38 | 314
p 6 W 19 30 37 41 44 42 33.3
p 8W N 33 38 43 4 | 3.7
3 SH12—4 15 | 26 35 42 47 45 | 333
p AW 430 40 43 50 2 | 349
T HHE— Frexw
Plasterboard panel | |
2G9—¢4 I T B 31 41 48 37 32.2
.6 |15 | 25 33 38 46 35 32,7
P 9o | 34 42 47 41 34.0
A IR ¥ 38 44 50 40 35.1




BEERAMO MM ICBE T BW5T W 35 (BaAk » 25k « H) —181—

Appendix-Table 2. 53 % (Continued)

B ¥ Frequency (Hz)
BE % v
BE 40 Hz~
Wall panel 125 250 500 1,000 2,000 4,000 10 kHz
av.
2G9—6W 16 27 34 40 43 36 32,7
” 8W 12 30 35 43 | s1 42 34.9
3G9—4 12 27 37 45 51 42 35.2
» 4W 18 36 42 48 52 46 36.7
=TGR
FrHHR—Freqon
Particleboard and
plasterboard panel
2Pald« G 9—4 13 23 30 41 44 40 32.8
” 6 12 25 33 37 42 42 32.4
" 8 10 25 34 45 44 45 34,0
” 4W 14 29 35 43 45 40 34,0
" 6W 15 27 37 42 46 47 36.0
v 8W 14 28 38 46 47 47 36.2
B RE S #— |
Plywood and |
plastertoard panel
2PI12:-G9—4 P12 23 29 |39 42 39 31,2
” 6 | 10 25 30 37 42 | 42 31.0
" 8 | 25 | 33 40 43 | 42 31.3
” AW |12 2 3 42 43 40 32,6
» 6W | 12 25 | 34 40 44 44 34.3
” 8 W ! 14 26 35 41 44 43 34,2
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Studies on Wood-based Components for Prefabrication
’ of Wooden House Report III

Sound transmission loss of wood-based panels
Masaharu Svzuki®, Hisayoshi Saito®? and Toshinari Tanaka®

Summary

The transmission loss of wood-based panels is studied for the purpose of improving the
noise abatement capacity of wooden walls used for house construction.

The authors designed convenient equipment for measuring transmission loss with good
accuracy. As shown in Fig. 2, the sound generating chamber is mounted on the opening of
the sound receiving chamber with high absorbing capacity of sound. A loud speaker is set
in the center of the sound generating chamber and a condenser microphone in the receiving
chamber. The block diagram of equipment is shown in Fig. 3. White noise is used as source.
Sound level through 1/3-octave band filter is automatically recorded.

Test samples are the single wall (boards of wood-based materials), the twofold wall and
the threefold wall. Procedure of measurement is as follows; sound pressure level Ly is
measured without the specimen (blank test) and Lg with the specimen. Transmission loss
(TL) is calculated as the difference of bofh (TL=Li—Ly).

Results are summarized as follows : The transmission loss of the single wall increases with
frequency except at the frequency where the coincidence phenomenon occurs (Fig. 7). A
rough approximation of 7L against frequency (f) is given by the empirical formula; TL=a’
log f+b&’, where o’ and b’ of specimens are listed in Table 3. Most single walls of wood-based
materials show a little higher values of transmission loss than those calculated from the equa-
tion of random incidence mass law. Transmission loss is plotted against the abscissa of fM
(frequency X area density) in Figs. 9~12 where solid lines are given by the equation of the law.
The measured values are larger than the calculated ones by 2 or 3dB in the range of 4x10?
<fM<10=

When fM is from 1Xx10¢ to 3X10¢, transmission loss decreases remarkably on account of
the coincidence effect. Figs. 18~23 show a good agreement between the critical frequency
f* and the minimum of the transmission loss. The acceleration of vibrational movement of
board is noticeably increased at the critical frequency as shown in Fig. 8.

The averages of the transmission loss for 63 Hz to 10 kHz range 20~25 dB for single walls,
27~34 dB for the twofold walls and 31~35dB for the threefold walls.

The twofold walls and the threefold walls exhibit higher transmission loss than the single
walls in the middle frequency range. The increments of TL per octave are 7~13dB for the
twofold walls and 5~7 dB for the single walls.

The transmission loss of the twofold walls is influenced by the thickness of wall and

onh
C : sound velocity, % : thickness, p : density, £ : Younc’s modulus.
Received June 27, 1979
(1) {2)  Wood Technology Division (3) Wood Utilization Division
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material for face board. Those of plasterboard, hardboard and particleboard are clearly larger

than the others. The twofold wall resonates in the low frequency range and transmits the

noise considerably. When hollow core is filled with glass wool, transmission loss is increased

by 2~-3dB.

The transmission loss of the twofold wall is predicted by the following formula;
TL=TL+10 log m(%)
(1448 (afug)}
({1~ Cofa)} 2+ 482 Cafw)) 2

7 o=

where TL : the random incidence mass law, 7 : transmissive rate, o =27f, we=27frm (frm*?: the
resonant frequency of twofold wall) and ¢ : the parameter in relation to viscous effect of vi-
brational body. There is a comparatively good agreement between the calculated TL (the
dashed line in each figure) and the measured 7'L in the frequency from 100 to 2,000 Hz.

In order to get the relation between transmission loss and sensation to noise. Test of
clearness and intelligibility of speech outside of wall is conducted. Unintelligibility of speech

is roughly related to the transmission loss of all the walls examined (Table 8 and Fig. 38).

2 — 2P,C2
IV
o’ : density of air, M : area density, d : thickness of hollow core.





