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A Theoretical Study on the Sound Transmission Loss of the
Double Wall with Decompressed Air Space

Motokazu Fukupa and Naoya Kojmma

Abstract

Sound transmission through walls varies with the frequency of the sound and the mass and stiffness of the

construction.

An effective way of obtaining a large amount of sound insulation for a given weight per unit area is by means

of a double wall construction.

For simplicity, consider a double wall made of two single panels, each of which alone would have the mass

law transmission loss characteristic. Place these two panels m; and m; parallel to each other at a distance
d apart, with only air in space between. Assume that the panels are very large and that they are clamped

around the edges in such a way that there is no flanking.

The air space between the two panels behaves like a simple spring. The stiffness of this spring is inversely
proportional to the spacing. The two panels are simply two masses, one on each end of the spring.
The transmission loss of the double wall increases as the separation of the two parts of the double wall increase,

provided the distance between them is less than a wave length, and the combined transmission loss of two
panels should be the sum of the transmission losses for the separate panels when the distance between them

is much greather than the wave length of the transmitted sound.
Sound is not transmitted in vacuum space. If the pressure of the space between walls is very small, it is

possible for the transmission loss to become even greater than the value as discussed above.,
In this paper, the authors studied on the transmission loss of the double wall with decompressed air space

and the theoretical equations of TL were investigated.

1. #& L]

BAEPHHEDO L S RNELKFIL, EESLOBER
KB 5 —FOHMAED - [tk oT, MY OKE
TR ZTTHRCENTEIRICETTETICE -
T3,

UL, —BICEBOBRE 24 DERPIERED
BEROBHOBEITILEEFPREICK 3 HENELT
»3.

EEDORRICO LTI, MO LR & LT Mass
Law 285202 DFEBIEKIIR, BOBEELERHL
T 5dB ULhBZ DT, 20HRICIIBELSH
5. BREREMKELDEHEO—DICZERNE

* B LIER

Aohsh, PHEKBEOMBNWNIVLESICRZD
RMROHEOWHFTEAL.

CCTERR, PHEKEOHEBINIOLBATD
EEHREHTHEO—>E LT, PEELKEERIE
THLERER L., FHRBHEZOBRERINLL
DTHBPOHEBICT S ENTEIIIMBIZ T,
MR ORIED LS HEICT 3 2 & IRAS TR0,

ZLT, PHZERBEOEHNZERTECEick->T
BHROFEBERIED IS ICEMT I h &S MK
DOTHEHRNBIERS, BRARXNEFEL, IO0E
FHEBTHRMEIEZT > T, BE_EBOESE
KRS TERROEEE, ZKEBOMB, REERLZED
HRICOLTHNB LT L.

IO RZETEEH R



2 (2) wmom %

2. BHAOFEEOLHDRE

FTRTHARIEOEMO b EICHFHING. &
IR TIREZEREOER LD —KOFFITHL
T, FHRROWEETE L.

1) FELSEEREORMICASTIE, BLU

R, BRJEEBITSTTRETHS.

2) EEFEIEFAIEL, DOBRREAICKZERD
EWPTENT & B BFHOIERIZT T,

3) EBEOWHEIC T 2EBII A THHDOT NI
.

4) BOBERISELSOFHDOATHS.

5) “EEEONBOELKBEOENL, MBOLES &
BFELBR—TRRLN, HFHRERA—-TH5S.

6) LKFOMITIAHBIIEHTES.

3. ¥ B X

LEBEIIRODLTAHETEEL pu EMFEZE pin
EBBREFEEAE pie T 5. e 1 ORI OWERRE Z 1y
LghL, H1ITEHT

Panel 1 Panel I
> U 9’ U @

—>
Pyt

Fig. 1 A double wall construction

m=£%%&1 )
CCT e BAADRERS X UKQPOHEET
5%.
Bt T QAT OEBEE bR EAUL u THEHE
U, “EENOELAOKRERE o, B IHS DAL
Ex Pir LT5E

Vol. 27 No. 1 (1976)

AN E Bk

uy= PR @
B 1 QWA S0 OER, TRLBEHELE m,
P R R
i(umlul.—_pu + P1r— P1i— Ptr (3)
LI UTREMIC DO T A HFIE S pos, HATEEZ
Pars BBEESE p & U, BIOLHOAEb—HiR
B CIEBRE A v, £ 95 &, EHTE

- @
AHE T
uz: izct (5)
BE T OWMLTIR B 7 ) OTR, T8 b b T A
my 3:?-5 &
LOMmylly= Pg;+ Pa,— Par ©)

wic, WpREEGBICOLTIE, MEE 4 BEEH
Zk(k=o/c) tT5hHE

Pre=e" py; O
Ptr:e—““lP%' (8)

P8 -oORBRAMNEZL S5, KMEIIT P P
Pln PLr, Ple PZ"&: PZT) Uy, Uy ] 9 OT&%-

4. pi & pa D

Bt ] ~OASEE pru LED DS OFEMEE pae O
WAERTREE  C&ITS. FFRQD), @£D

pli_plr—;—gT_(Plt_Pﬁr) (9)
KB &Y
Pn"i‘Plr:'%r,’?*(ﬁu—Pcr)‘i‘Pu‘szr (10)
oMK D
_1 0 lom,
Pl%"‘" 2 {(1+ ‘0/ + p/c )Plt
_ b _ iomy
+(1- L= )pe} D
witX (), B) XD
Poi= (1+ J%'2‘>P2£_P2r (12)

K@), G)&D



BIE TR OB B RICE T % BRI P (3) 3

=pg,— P -ikaf1_ P __ iom,
PZT_P2i 0 pZL (13) +C (1 pl p’C )
ZolR&D (1__ P n iwmz)}
o pc

©
1 o’ T,
= (14 L4 29" ), . 14
2( + o pc )PZ (14) +{2+ lw([@j‘_[’ia)} —ika
oc
EXER@RALT
oL 4 oy to(mitmy)
pu___l_ pikd (1+ o’ L+ l(l)mg )sz (15) +{ 5 + Y + P
FRiCR(4), (6), ©) kD %ﬂﬁqaw
_1/iom, o’
Par= 5| —" —+—41)ps, (16) e e uu(ml—}—mz)
Z( oc 0 ) <p + - o’ +— P
LEREX@) I AT S & Q__T_Tllmz}e—ikd]
1 af Pom, o’ po'et -
— ~ik * o
po=ge i (H0m 0 1), )

= }1[:{2.}. iﬂgm,l.ﬁ'ﬂ%l}(eikd +eika)
K15, AN EXADITIRAT S & pe

p’ 14 i(l)(m1+m2)
Pu= { (1 +-£. +L~w—"-l}- ) P1e + {pﬂ + ra + T pc
1 me1 m__rf&imz}( zkd_e—tkd):]
+( —‘p“; )Ptr} op’c
1 iom,\ 1 =14 to(mit+m,) el e
:7{(1+70(2" p'"ci)_Z“ ette _‘{l k- 2pc }COS kd+ 2{ ) 4
’ 4 ; 2 .
(7 +iom, ) s o
+(1__ o iw’l{xﬁ) 1 -ika
)’ p’c ]2
S. BRE—EROERBBED—BXOFEN
(1_ _‘IZ/‘ -+ i‘.‘_)ﬁ_z},)p“} i g - SRV e
0 oc BEISOAMEE puy LEEIDS OFREE P2 D
) % decibel /R Uitk TL & LCTERT 3720
= Pufers (1L, 1 Foms) OREFET S,
TR AN LW & EEBICHIT TRES 2 &
(14_“‘1: meg)
p " pe

Pt _{cos kd— 1 olmi+mg) G kd}
2 p’c

2t

+ 77:, {_‘Z(ﬁl_’*"_”iz)_ cos kd 4+ _‘i sin kd
2 pc 0

(1-£-42oma)l g ,

+ 27 sin kd— MM g kd} (20)

CHED pii & pa OBKRRTEZ 505, o pe'e
RO D 5\ BB D 7 & B DTS

Pt _ i {) Lwm;y .
m7"4{e“@+ +A"“) DRITH 35
(1+ oy “"mz) mp-“?-l "=cost kd— UMAEM) o5 k. sin kd
oc P nc

AP TSR iR



4 (4)

w(my+msy) 2
+ 4{ — e } sin? kd

4|: w(m1+m2)} cos? kd

+(£pi)zsinﬂ kd+(;’,)zsin2 kd

w’mymy 2. o
+("_W—‘pp’cz ) sin? kd

4 207 o(mitms) o6 kd.sin kd
2 pe

+2 _ﬂ,i"_(ﬂl""mﬂ) cos kd-sin kd

0
) “’p’;lgzlz w(m1p+mg) cos kd-sin kd
+2sin? kd — T' f”p'z,‘:zl’i sin?kd

7

_ZP_C”Z_m,LmTz_Sinzkd:l
0" pp’c

:[1—}— {2@5%'6"3_2),}2] cos® kd

e {8

—1- w(m‘;ZZ } sin kd-cos kd + %[(—57)

w¥(my+ms) p ' _qw'mymy
T (po)? +(p +—) 2

(G T e

& oT, RE_EEOEBEE TL O—fRid

P |?

Pae

o(my+my) \* s
1+{ 200 } cos® kd

TL=10 log,,

=10 log,,

+ P E’L’.’lli_’.’l&)__{(,%,_)z _1_@*mim, }

p’ 2pc (pc)?

sin kd-cos kd

FH( -4 ) gt

wlmym,
—2 (oc)? +(

)Z%}sinz kdIdB

(22)

VLEEBEONROENESNBOKRSED 1/a K
BELETEE, TL BRATERDINS.

Vol. 27 No. 1 (1976)

| #E —-h

g oH Wk

TL=101log, |1+ {“’F(m‘jl’—z)—}z cos? kd

2pc

_aolmtm) (1 a'mims
2pc { T }

sin kd-cos kd
+ 2 (1- ) +(%) {emt+md

_2mym,) | @*mimiT) e I
o }+ (00)" }m kd|dB (23)

6. HOIXDOFEW
— iR (22) 7213 (23) K D ROBHFIRXDBHLNS.

6.1 myxmy p'=p DEE

1 +{_————w(m‘ +m2L}2 cos? kd

TL:].O loglo ZPC

_olmitmy) o'mamy G kd.cos kd
2pc (pc)*

4[ o (m’;c)zmz) {wzzz(:)';‘z,}zjlsinzkd‘dB

24

6.2 my=m,=m, p’xp OE=X

TL=10 logwll-{-(i”—zi)z cos? kd

()i

: sin kd-cos kd

|
_
|
—
‘318
o3
N—
s

- L) () -(5e)
+(—{’)’~,—)2(£"£)‘l sin® kd|
=10 logs, 1+[9’% cos kd— %(%)

{1—(%)2 +(%’cl‘—)2} sin kd]Z!dB (25)

6.3 my=my,=m,p/p'=a DELX

TL=10 log,,

1+ (%)2 cos? kd

+a( wm ){-L —1— (——E—)z}sin kd-cos kd

pc /Lot oc



BUIE B OB B A KICBT 3 BRNPTRE (5) 5

(o) vaw-n (S2)

+a2(ﬂp':—)4} sin® kdf

=10 lOglo

1 -{{f‘ﬂ- cos kd
oc

(1= (2o

=10 loglo

14 (%—?)Z{COS kd

6.4 mi=my;=m,p’'=p D&x

TL=10 log,,

1 om i kd ’dB

TL dB

TL dB

2 pe
T T s
| m= 30()kg/rn2 Q;ng/mg
120 %1
80—
160
T. 0(:15
[ d=001m
120 002
. 004 \ \
[ 008\ X
80 0.16 \¢’
i \//
e
Ail Lilll i |I1||1E

30 100 300 1K

Frequency Hz
Fig. 2 Effect of d (Theoretical values)

7. HMEEE

1,568 FTic, BFtEABICL A3 ERERE
RUTW3., UTicchitatd a8 E R~ 3,

7.1 ZEEROMBEOKE

K2k, PHESEOME d 2L L&DE5
BEETL AR LTS, ERRBESLOBE, F
i 1/16 KEICRE LA TH3. 1KHz LhE
LEBBICE T B EBHRIT f=c/2d itk b T
EXRBEONTICRERE L2 LILLVERT S
TENTED. WEICX->T TLEELIMALTL
L0, BREOHELI»DOST, HLABOME2
IKIRBIC LB ->TIFIF 6dB 55 TL LT
5.

7.2 REEDOEE
K3, PHESBOEAEREICKOT oL
SORMEE a itk 3 TL 0ELERLTHS. EH

160 T TTTTTT] B B e 2 e e T T
= - c=3400 m/s
- d=016m P12 kgm?
120:— ',..‘.-’\"'"r
T 80
-
I_-

40

! tllllll 1

160 I | o
- "u’."' K
- m=300 kgm? A
- f'"‘. 'f
L X=1.0 NE

120 i 2.0 /,/.-;:\ A
I S
L e /

L |

30 100 300 1K 3K 10K
Frequency Hz

Fig. 3 Effect of a (Theoretical values)

I CIR S T e



6 (6) fmom o —
160 |l[|lll| T r[]lll] T ]II\‘I
- d=016m c=3400my/s A
- l 9= 12 kgm? T EI‘
- Rt
120,_ l e il 1|i
‘ - “=1 ‘ l e ";/\“..EI/ o (‘:11[a
o i m:73r.575 it -~/ "'g il
801" 150 v
| 300\ X' X /
2 [600\ XXX,
401 VMY
W4 l
i 1 5
>| "I 1 | AR m,-‘.-",
160 i I ",‘:;"\,‘r:
- xX=16 ,pgw
L m=375kgm? " _} 4
120 MBI 0
3 [ead0\X |
801600
I
‘_ K
4LOF~=
'
f/
7 Ll RN I N

30 100 300 1K 3K 10K
Frequency Hz

Fig. 4 Effect of m (Theoretical values, d=0.16 m)

BrisE m AN (&A% 075 g/em?®, HX
S5mm ¥ 3DF vy ALE) OB, FRIZHEEED
7o 10§ (Fz& Z W)Y 7.8 g/em?, [(£X 4 mm @
7S &) OMAETH B, mBREWIZE TL 134
MUTHBEY, mp d B—EOBAIIIMIEL o B8
2Bl Lzt o TIEIE 6 dB-3> TL IsfiimL
T3,

7.3 EZEEOXE

ZEBEOEMOREELE m B L&D TL O
AR A BIOKSITRLTS.

K413, ZEEOMMEA 16 cm 04, 5131
cm OBAT, LFhL m o2 LT TL 1313
i 12dB S3Oo8MLTEH, m OREPIRELE
ZRLTWHL 5.

613, 2hENOWEED m/my ZELL I
LED TL OELERLICHDT, my/my BHFIC
S TIRERIBITE T 2 KD & — 7 588 75 5 i
MEHohE. WEBLOEAED TLIE, miXm, D2

Vol. 27 No. 1 (1976)

/AN R T= N4

160

TTTT T

| d=001m

T T |f(l]] T

c=3400 m/s
9=1.2 kg/m? p

120

m 80—
-
*—.
40
160 .1 Illllli “ \.‘J | Nl | J
' I { /‘/,/;J

[ %16 A
120} mM=375kgm? ‘AL

7.5

~. 7

% ! Ll il)l | 1 |||1_
30 100 300 1K 3K 10K
Frequency Hz

At 1

Fig. 5 Effcct of m (Theoretical values, d=0.01 m)

T UTIEEFE 6 dB SHoMMLU T 3.

7.4 HBRERH

TEEEZMSHCED my, m, pifiCidR K 2SO
BARTHEDS, LIRS AIC X 5 SR BB E
THhRFTHY, K256 FTORKDMEE IR
KBOLTRELTH3BBETHRNENTHS. COA
B, 25U d, BIERE o, MEE m PRICTKESIE
FEBICEITT 5.

712, R OEERLVTRLIZBDT,
B m 24k, TR o ZLTh 5, BIEE aiCh
BB OEBEA~OBITORBUS, HHEE m 2D
BAOBITORICHIEDEL LTS, Z0iLh
Evicksd TL i3ph OMENH BT LIRS
hThs.

7.5 mf [CKDEIE
mfick > TR L&D TL 0Lz K 8ITR
4. MicknT, ToEBE m £ m, 0—F%



BkIE T ERRE OB H AT B 5B BRI DEE (7) 7

FEUIBETEbb—EREOEAGD TL THA.
F OB, ZHEEOBAD m Eibicks TL
DE—~ 7 {HiEHENRIEDTH3.

ZHEEO TL I, MR o, TclEh
HEWHMDIEELTH ENTES.

TL dB

160 T A B ERAY T T TTTTT .
" (my+my)= 600 kgim? " me375kgin? ey
- d =016m Ryl
* m e 4
120—" d = 1 A o 40 3
B my /m2= 1 Yy
m
o 4
80
|
-
40 v
10 30 60 100
Frequency Hz
T Fig. 7 Resonance frequency of double wall
160
120}
m
© 80
.
}— 120*"]’”]"[‘1”!‘1’[ B T T T T T T 7T 7T 7vTT
40 i d=0i6m
B oh=1
[ l bbbl S 80_
Ll 1 l Lill | gL " m:G0,0kg/mz A
30 100 300 1K 3K 1OK = 300 \\ ~ ./.
Frequency Hz 2 F 150 \ N\, 7.5 |
- 7.5 NN o LT
Fig. 6 Effect of my/m,; (Theoretical values) 40— 3'75\\,\ N\, /&(;%1/, L1
- Sy
- ol /7
E iy Y
n gy f A !
VIR ARY!
CLONANS N Y 1 | Ll
10° 10* 10

mf  kg/mxHz

Fig. 8 Regulation of TL by mf

IO RS LA e



%
i
E

AR TRABICRIEI N ELAEE S HO>ZEED
EEHREOHB/RNICOLTHRETL, —RABLT
Ce T o A

Fhs ORICEMERA U TETFIHERICKS
HEATO, BOHEKE, ZRE0OME, REEFD
ZRFBEBBBEKICKITTHBICODOLTHANT, £O
YR SMEICE~STESEBO % 1/2, 1/4, 1/8-
LT BIC U > TEBHEIIFIF 6B (K
USE AR BEET ) T o8B AKT5 L0H -7
T ARARMBIERAEROFICE L EBED LN
7.

Chonl &do, “HEOELKBOMBREE S L
THRELEVHRBOEI BEHEI, HAEOEN%
BLTAHCEREMRFIETHA L IICEDLNS.

REBEBLICE T, HmKXoFRICO>LTRHEH
MM L, BFIEBICK 2 EHEIE B L CHERIZ/N
WA E Y Ltc & & &ML d 5.

2 & X ®

1) @EE— WEE— THET: HESRICBT 5
POHROEIHD, BAT EEER, 15,4 (1959) p. 240.

2) fINE—, ZRRIC, - CEEC2H), HAK
T sk 16,1 (1960) p. 28.

3) WHE—, BE—, ZRLIC : “BaTEERIE b DM
BEBIERSUN T R BT 207, BB BRI S,
26, 171 (1960), p. 1667.

4) WEHEE— IR o PR AT BT & B MEIINEE
GR 1D, BAKMSE RS, 26, 168 (1960), p. 1167.

5) WHE—: “F.LEE2H)”, HARBMTERRICHE, 26,
168 (1960), p. 1174.

Vol. 27 No. 1 (1976)

BMoH & —-h

woE Ak

6) MWHIK—: “HL (F3H)”, AABHFEREIE 28,
192 (1962), p. 966.

7) A TR 4 )7, KBRS, 29, 198
(1963), p. 415.

8) KilllHE— @ “RBBIOBELUN F BT 2 R0 HE
E57, LR TR e, 14, 1 (1964), p. 33.

9) FWMME— : “PIRBBIOBIZ Y RICE T B MR
DFE—NELE”, B ABB 43I, 69, 567 (1966), p. 455.

10) WMHE—ZH 1821E  “BENE AV F Ty 77 &K
AT (1966), p. 215.

1) fnig—, REEN : “BEOET L2 OXE”, L
] (1967)

12) FE—, FURNER - “R 5 BH RO [HIHcBE 2
PR (AL U7 Bic L 23 & B, BAKEIK
MO, 34, 263 (1968), p. 1294.

13) RillE—, BHFEAN : B ESEMFROFICBT 5
WI7E (T R o— ), B ABMR S 2k (RN 30,
72, 604 (1969) p. 603.

14) fIE— BRI, ARMMSESE, 73,618
(1970)

15) #EHiF— : “Attenuation for a Cavity-Type Mufflor
with a Tail Tube of Finite Length”, [1 AT AE,
26, 3 (1970)

16) #M#E— : “HBHEORRT &M & &M, HARBKRYES
ik, 74,626 (1971), p. 302.

17) $EH—, FURRSR, KAHRE, BIK—H PBRsm

OWIES L UHE NcRIZTHLAHEROXLE”, HAK
Wr s, 38,307 (1972), p. 611.

18) HHINE— : N O URER T O #5YE, 3 BB,
27, 8 (1973), p. 873.

19) WlHE— Y 77 2 v R RICET 2RISR,
W, 4 (1973), p. 35.

20) Faldk—  “HBI LM 20l iy v v,
403 B3 &), BB (1974)

21) HiNHE—: “= 7 7 — 18T 2 HMNESR”, B BTN,
29, 8 (1975)

22) FEINFE—  CREMIUSEE OFF 1456 P ARRES, 10 THW
w7, HAKRAEST (1976)

(MAf514F 4 A 120 ZH)



