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Abstract

Noise is unwanted sound which cause annoyance distraction and negatively affect
the balance body and mental Status. The noise that can be found everywhere. Especially
in the big cities such as Bangkok, which has a lot of crown, transportation, construction.
These activities are increasing noise volume. Especially the residence, which is usually in
the form of High-rise building. In the construction, thus to consider peace and privacy of
the residents. Wall must qualify to block the noise from the outside as well, which concern
the peace and privacy of the residents. Wall’s partitions must have the ability to block
noise as well. Measuring the ability of sound barrier wall will be measured from the sound
reduction index. These can be measured by the test of the products or from a

computational program , which has a high price.

Therefore, the purpose of the project is to study the effects of sound reduction and
vibration of the wall. As well as to create a program to calculate the sound reduction index
of light-weight wall with the Microsoft excel program. The study of sound reduction index
of wall by comparison the pattern of wall 3 form and structure 2 type is a rigid structure
and Resilient structure. The factors used to compare the efficiency of each wall types,
including behavior of sound transmission loss in each frequency. Resonance frequency and
coincidence frequency happened to the wall. The creation of the program. When the values
that were calculated to validated to values from the actual test. It is found that the error
was less 10 percent in any case, thus making the program able to estimate an index of

noise walls.
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1. Anunsveadss (Loudness) Ivieiadu wdiua (Decibel, dB) Amusisvauds sy
- W a al ) I o & v o 0 val a v
Yuiuueunanvesadudes Muvasiidadesduusasiliiueudzamnn  uasdduun weu
- 2 z [ dd 1 s -l J ] a
Uagetes  uanantudaliFasszeenslunisaeloundanuidssdiasiinasonisaunivede

- v
aneae

Y = - o @ o 4 o o ) = '
2 33511_”35\1 (Pitch) ﬂ@ﬂ’l’]ﬁﬂ‘ﬂaﬂlﬁﬂ@ '.]ﬂﬂqﬂﬁ]WU'JUﬂaULﬁUQWNWUC‘nﬂa'N'LUWUQVU'}EJ
| & ' a o A a ¢ v -l < v d a4 a 4
a1 wdisllusauneIuINusaLgsng (Hz) ﬂ']ﬂaul:aﬂquﬂ’nﬂﬂqxi {ﬁﬂxﬂf\]b’u"ﬂﬂﬂ D1AAULABIUAINUG
s o v a va o ' < a ¢ & o oa o0 '
adesazia Insunfnuslagwdesedlugiuainun 20 - 20,000 1Esed Adudesiiiauisingd
' 4 o va = ' . a of /o ol e . o & vea
“U'Nﬂau‘v}ﬁ'ﬂ,ﬂﬂu 138N Infrasonic 'LU'UﬂJﬁLﬂEl'lﬂuﬂﬂ"!JLaENV]?Jﬂ"J']uﬂ'Gj\iﬂ?’]’UQQF!ﬂUVILTﬂﬂUU

13871 Ultrasonic

3. AN WEEY (Quality) A tenanvalusudssainuvasiuliadesisiiniy Juegiv

Fuauasuetinveandesanuivasidaiu

2.2 agiin1saade

2.2.1 asznaumInzaHIuYaudsl

Source room

: “ Receiving room

= "W '
JUN 2.1 uamsmmusznauntsveariuaades

i a 1 of - A 1 at 1 ] 3
nmanzgu Wudnvaeesnisaeveandui anuSnaivassndsnulurufuneiy
lUdunadnsnuvasium dmiususzneunsveariurendewiiunnuduiussening

o a da i o as a4 °
WaﬁﬁquLaUQWﬂ'}Umaﬂ?ﬂﬂq“WQ W, LAz W@ uLdgIIaaninannnIbng Wy



w2 aunns 2.1

2.2.2 agiin1sanidee

) = & o o s ' - & P w
duiinsanides fe Ariventianisgaduidesvesauiu lagarluidauiunisiudssfons

Hadryanualsiviinnsamdes fie R Tnsanuduiudssninaidlszneunisngg esuislasaunis

saluil

R = 10log (%) AR 2.2

2.3 weRnssunIsantdes

) - _ - o o P | o -
fytimsamdss  (Sound reduction index) dmfunsdiviall WerdudswAun1eeIn

w o o s pe ) - a @ £ f ' )
mnanwiludainarmiisiwndresiy - adudeaesiaviinsasiounaznsnzadi Wy e
<l - al ' ) dl A L . 1 ol ar 1
eaiumadgneiuuniuus duniiwasmdudesiinnsasisundu visdaugnaadulaoiusuuds
wazundndnmegiwsiunds Taewlldunsanawesssiudes  Wunauianauduiug
! A 1 - o a ¢
ST Wa-(Mass) AUl (Stiffness) way N1y (Damping)  Tunisnaasua A8
a8 a t ° v oa ) v ad a ¢
Usydvsnmaasauiuiiu lngviinisdutivgrunisnseaieaivesauisidalunias iiedinsigviauiu
) VoW v da a ' a o v = - ]
Mudeasenitaios 2 viemlawadnd - wudiwginssunsiasuitasesvdnsandeaiu
o < ' <, | o«
wWaguuasiumaaaud Tasannsaudsaanidu 3 91md Ae

Ei‘ 1 4 ' 2 .
i 1 fsngnauaulaedimauds (Stiffness controlled region)

¥
1 =i

P 5
el 2 YiignAmuAulaeig (Mass controlled region)
o 4 ' ) . .
Wi 3 ¥rnignauRNlagAIA1ILRLIe (Damping controlled region)

U 4



T Region §(stifness Region 11 Region I
controlled) ol (mass controlled) o (damping

—— o
Lowir soithigss Resonance region Mass law controlled)

region »le e >

——

Coincidence region

High
damping
\verage
damping

Sound reduction index (dB)

\e.

Low |
L)

p damping ‘
I

Irequency (Hz)

JUM 2.2 uamawgAnssugviinisanides (Sound Reduction Index) Taantiausuife

'
ol L

: " 1o a v ' = ] <
Stiffness controlled region Lflumawﬂmunuaaﬂ'nmmaauﬁaaﬁuaamqm (lowest resonance

| 1 3 : ddea v o d
frequency) UM 2 Mass controlled region m’mﬁszmwmmnauwaawuaumqm (lowest
at :Jq = i | o Ad 1 1]
resonance frequency) NUATIUNINEGR (Coincidence frequency) wagluail 3 AURLAILINATI

CJQ o . .
AMLAINgA (Coincidence frequency)

< y o ' 3 .
2.3.1 1wan 1 mwgnmuqulnﬂmmmuﬁq (Stiffness controlled region)

& b o 46 o= 5 1 do w dvo &
uraienudien Sadldmnianudduiieantosiiga (lowest resonance. frequency)

1 40 nl$ s = Yy [l P < as s | v e ) <
'imalumammnmuu W GﬂﬂW%']'iﬂ.lﬂﬁLUULLN'UU’N mmamﬂzwznwuqawdwmﬂmiauazmau

U

v L3
LV VI

= 1 s % 1 1 e [ as ar
vl Judssiveaiaumia (Sound transmission) axtiuetiuauuisvesianvewis Tu
nsmAraEinUuIavewiltIzidvinarer N s udseg N Wasrnmudnisduriadian

anas Aatudldaumsuuuiigaiurniignaiuaulaenia

Jhx

. pher

Incident wave ik
p2.€ o

——— Transmitted wave

Pl—e]h
Reflected wave €¢——+—

V(t)

=l Y - a yoooal ! .
JUN 2.3 wansmsduasiiteuvantds Tudranauaulaeainunds (Stiffness controlled region)



o £ o a X a v
uﬂizaﬂﬁmswzqmu’uamﬁm AAaTUUNR aw1sanilaann (Hassan, 2009, P354)

. 1
= i dunns 2.3
S
¥ (Zw,ooc)

Itr _

Per
Pin

Tn

Iin

Tngmluidesnnunasdiiiadedinsnssaeimniienis @eedansznundiluseuiirmig

oW ' a  w £ o as " Y
WUy MIvmAedsdulsEansnimraniuveadss dwmsu Stiffness controlled region @410

1

@A
==K In(ty,) auns 2.4
2WpPC
K; = Al a@unng 2.5
ke

sutinnsandes (Sound transmission index) (Hassan, 2009: 354)

1
R = 10log (—) = —201og(K,) - 10log[In(1 + K,"%)] - ‘aun1s 2.6

T

2.3.2 wafl 2 ﬁ‘nﬁgnﬁwﬁﬂﬂﬂma (Mass controlled region)

g
at

, | < ot e 1 | o v P
Wurimnuinas dellarserinenuddunad (Resonance frequency , fy) wasaatui
Angi (Coincidence frequency, f.) AnsamdesludlsiignaivaulagAnnilosyeunanis §

TiruiuAIAuLT Tl

! o & v ) A = ) @ \ W
Tudhsnnudnmuaudmemiaiy wudndierdudonssuiunds undusemaudes
anzqunly  vedugnaligedu  uasunsdiufgnasiieundu  Jsnsidsiinanindemali
wiwililunmsnzashuvedesiounty  vhlindinudiiivdesensenluivsinaiitonas

seRuAIRIedesdalogasmevionandnyuniled AnisaaduainTuiuies
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Material (1) |Material (2) | Material (3)

Incident wave ______ o e
- Transmitted wave
Reflected wave €¢——— e B

Z, Z, s

‘Uﬁ 2.4 LLﬁﬁNﬂ"IEVIuﬁN"l‘I.J‘?J@GtﬂENNWUN‘W

lunsdlidedludsneany Inevlunisngaruvondeniu amasadumsinueina (Ai-
. 4 o 3 ' = 1
bome noise) #3alA3¥AI1 (Structure-borne noise) lunsditiaulanmsmearuvendesriuaine

a4 o o a ' o & & P v oo W = o ad La ¢
dlandudeuatisuimzarunisdaduvewdadudidndumiwe st lunsdi Aduiiuaud z, =

Zs BedunusyAvinisegriivendeaniiniu amnsemlesan (Hassan, 2009: 185-186)

303 < s aunns 2.7
REb T, Ky + [(g—;) . (%)] sin2(kyh)

X 1 TfM
’ 2 U 52 duns 2.8
=1+ (32 o -1+ (02)

P1Cy

ad a a A '
ﬂ'iﬁwﬂLﬁﬂ\‘lLﬂu%']\ifﬂqﬂtLﬁﬁQﬂ’lLumLaﬂQNﬂuaqﬂ’m

1 TfMA°
1+( f s) aunns 2.9

NNMIMAGBINITVZaHYaNdswUTT Tutie Mass controlled region fiinisandes
(Sound Reduction Index) MialdvnnismaassdiAnipeniiAmilaninngul] Jsauisauaninim

AunIRaL (Beranek, 1971)

1 TfM\2
R, = 10log (—) = 10log [1 + ( ! S) ] #aun1g 2.10
Tn PoCo
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Tf Mg\*
R= Rn_5-5 = ]_[)log[:[ +( f S) ]_55 dunnsg 2.11
PoCo

Nnauns 2.11 awnsadnguleasii

R = 201log(M;) + 20log(f) — 48 dunns 2.12

o I | ' ' " 3
2.3.3 wahl 3 YrefignaIuANlagAIA2IUNELY (Damping controlled region)

' o4 _— aa a i P o ] &
agluremnudnganinAnImedIngR(Coincidence frequency, f.) Baan1sanidelugiadl

U

o
.

= ‘4 ﬁ' = é o @l I 1 at 1 1
WAUNUAITUOVDIAAULAINUINTEVTUUNUY ATAITUWAUIRUUUBINUS BAZAIAITUWAUN

(Damping) Y8430

=l -l 1 & , = L )
aunissgtinsanvaadss Tutie Damping controlled region #dlaarnnisnaassarledn

(Beranek, 1971)

R = R,(f.) + 10log(n) + 33.22log (_fj_‘_) - 5.7 aunis 2,13

c

' A4 oo o= = | da P -— o
TRaaT R (f.) ABRTUNTTaALALNILNAYUNANAINGA (Coincidence frequency) Taanu5o

wléann aums 2.10 Wedaguannas agléih (Hassan, 2009; 364)

Ry, = 20log(M,) — 13 log(f.) + 33 log(f) + 10log(n) — 48 aunis 2.14

dmiunsdlunuiidnwazdu sandwich panel Aviinisandss anwsanalaain

(Frank&Paolo ,2007 81489990 Cremer, 1942)

Mg\’ 2
R = 10log [1 + (”f 3) ] + 1010g( nf) aunis 2.15
PoCo fe
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2.3.4 WeANIIUNTAMABIVBINTIMUY 2 FU (Sound reduction index for Double wall)

woAnssuNTIanIdsarasTiiuuy 2 Fu (Double wall) ansnsawdslikuuidsaiunginssy

nsandeaIntagulaie (Single wall) Tnguszaninimnisaadsaeniianuy 2 Auileuinnii
v $ o o 7 o o v w A o ] o a & ¢ '

HUITULALY WBulavawitdainiu eswntady Al Ae Sruiutusesndsnuindu uasdeding

sy danids lun Uil dszesvirssewieniallainnndt 30 wuies dvtinisanidovomwds 2

#u agannnITTINduYeIAIM iUz Ua AL tUY R

QI) =l IJ 1 at :5 1 <
Ingymilunisnszaeveadesinsarusiuuuy 2 9u udeanidu 3 ma fe

1 s

<
» B gnes A ldeaivsanuriilagnss

4Vl

oo | v s
qnAs B \desivgapulATIaivenly

IEJ 1 2/
> A gnes CidesivrarulaTiainenese1ns

» C

1 @t

P ~ v
JUR 2.5 uanan1snseaevendaivigaruntiauy 2 tu

(1

h; h
—

Plate | Plate 2

d a ar “j
EU‘VI 2.6 LAMNANWNUNLUY 2 91U
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< o & = ' 3 < ' ' ' o d e od
"i]']n:jl]ﬂ 2.8 WAMINUILUY 2 U 'ﬁﬁlumﬂiﬂﬂi']ﬁL'UE}&J'WE)‘S::’WTNLLNUNUQ AAULFENHN

o q vV w W o4 a o o ) o v o <
nsgvuagyhindnunilafinnisduasiiiou. ennanegseninenasvimhaiiouauss Tunns

dwunsduasiieuludmildndunis  dwivlasaind  nsagdenisdsiulagsaldsu

avdnannmaeinaneludesin lidghavdmielidgaduussyey

v

d
P SN
n
—_— e My —/\/\/\___ M.
Ky
> .

i Vi

JUT 2.7 uanespuumaaURwesiuuy 2 9

2.3.4.1 Audaunes (Resonance frequency, f;)

' o 1

o ) ) = o
AINUDAUWEY (Resonance frequency, fy) wedlassadiilaanainuiiveseiniaviod

u

' 1 ur) e O a 4 ' o o ' S
TEINteNag Vi laiieuaUSureNsEvI Nl auisawldainannisne Ui

o v o & '
® FAuUNIIAUDAUNDS ﬂﬁfﬁNUQLLUU 2 U Qﬂuﬁlﬂiﬂﬂ'ﬂaﬂﬁnﬂ"ﬁﬂm?ﬂﬂﬁ"lﬂ

(Hassan, 2009 : 381)

1/2

[Po (—- + —)] auns 2.16
sz

s

do v o o s = ) i '
o dunIAMMDMINe nTdlnluiuy 2 Fu nsdildlangaduides 1wy Mineral wool lutas

2IN1ANTING1e (Hassan, 2009 : 381)

Po 1 1/2
o [ 0 gunis 2.17
f(] 21 [1 ’ d (Msl i MSZ)]




14

2.3.4.2 A1MA3NgR (Coincidence frequency)

H . - - e e \
AMURINGR (Coincidence frequency) w3a (Critical frequency) \Dupauiiinlugu

< a v s 4 d o ot P ¥ o i
AIUDEN AR IWBIiuTBIRdUINNTENURUTaaiuAdulAwevedian (bending wave)

do v v o = ' o = .
2.4.1 dUNTUANY ANUDAUNDIMILAFU NTI WHUKNUILUULRET (Single panel)

2
o V3 aunns 2.18
€ meh
C, f@ Propagation velocity of the quasi-longitudunal
1
E v)
c, = (m) #@uns 2.19

v v

a o - < | o .
2.4.2 duNsuaEnd AUDEUNDINIBAAY NI WNUNNUSENaU (Composite panel)

N =

) 41N 2.20

do w Y 2 ' @ & R
2.4.3 aun1Tuand ALRFUWIAIEAGY Nl urumissznau 3 T (Sandwich panel)

-3

CZB.eff

f;,:

duns 2.21

Coefr 78 Effective bending wave (Hassan, 2009 81484370 Kurtze and watters, 1959)
R,
(‘C‘s‘) CoBerr + €2 sCperr — C*sCpepr — cPsctp =0 AUNS 2.22
B

Cgr A® Bending wave velacity for the fan plate

1

2 3 \%

Cpr = _WriEny auns 2.23
T \6M(1 - 2
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Cp f® Bending wave velacity

+| B
oW "ATX Yo aunis 2.24
S

B A9 Combime Bending stiffness for sandwich panel (Hassan, 2009 §138437n

Hommer,1971)

1
B = EI =5 Ehy(hy +h,)’

2.3.4.3 NM1SAUINATUNITaALEYS

nsmwInstinIsandsetaasTaulA Amsavnlaan (Sharp, 1978)

nsailaseaFreuda
Rz 34 A aUN132.25n
R = {Rwith mechanical connection fo<f<fo aunNg 2.259
Ri+R,+6 f2fa aun1s 2.25A
nsfllATIaTIEAVLY
Riy T=f 1N 2.26n

R =R, + R, +20l0g(2kd) + ARy gesitient fo <[ <fe dunns 2.269
Ry +Ry+6 f2fa dunis 2.26A
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A 1 A ) . -
1) 1afl 1 Y2afignatugulneAInuuds (Stiffness controlled region)

o ' A4 o v W o ad a o o ' '

4971 1 faemudion Windulndiuann TeenddunsdliiSuiaiounaideuy uazdes

ol = = A 1 5 Ve ) I’j 1 [} A
gmATsuadiouaUss  demukuisaeddndanuinng  uiuvdesasnauauaINIsaEuEyd

a’ 1 = ot 1l = &/ ar = A 1 a 1 1 Hl;
wilouiu L{:JULLNUW] 81 ﬂULLﬁS‘l!‘I&JNaTJﬂ\‘]El"IﬂTﬂﬂ?ﬂ?ﬂﬂﬁUiﬂUﬂﬂﬂg‘UiL’] UIEUMI NN UNIADY oy

a o Y £=3 -g ] l=‘ n; U v 5 1 v «‘IIJ =J
Uni wednssudazifnduludneud  f < f Fadlanosunn dindn 10 Hz Tulassadeilud
6 o =t o v o a ° w 1 o I &
Atlafadsasvioulueims dvdnsavendesdmivdnm 1 Whgvsana Mmenissisuaiaug

VBN TINAUNTT 2.26N ANWITOUNUAIANNTTAI (Hassan, 2009 61989910 Sharp, 1987)

R = 20log(Ms + Mg,) + 20log(f) — 47.3 aunns 2.27

d 1 d
2) wwan 2 mwgnmuquinuma (Mass controlled region

dutinsandes dwmiudnn 2 f; < f < f.  aufensgadsadaiudedudesine
! LY 5 $ .# 1 v “ d‘ 1 i a  w v
semineils o 2 Fu- Peezdusgiutasavusdlasiaininensaserinenisinuusawagiuly
Tnssadrwesiahuihilunisfausiuwessia 2 daw Tudunsdwuvendedasedadiou
wileufiuarmuvoudes Jnilitdosauisadunameaiiudesinsendtwdaldaty Gaaanse
1 o) e v 2 L [l L | [-3 v 1
wiasanity 2 Yszan e Tassasneuuunds (Rigid stud) 1du LivSewdn uazlnssaiauuuseau

ol s 1 1 e ool v -Jq e kY
(Resilient stud) 1t wdngeu wanlsatiy azqiillen vSalassainamia resilient channel sy

v ) o X k] at a
nstllassasuds drfinsaadeadulumuaunisi dmsunimndssian

(Bies and Hansen, 2009 81984970 Sharp, 1973)

M 0.5
R = 201log(M,) + 101log(f.,b) + 291log(f) + 201og [1 4 MZL] - 72 aun1s 2.28
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nsllassaisdiavgu dvilnsandeatuluauaunisi (Hassan, 2009 : 407-410)

aunnsg 2.29
R = Ry + R, + ARy gesitient

Ry, R, Udmsumdsnuuenuazuianisly mudisu
oy single panel uay double panel Teaun1s 2.12
dllu sandwich panel Taunis 2.11

dgafinainnismeqrtunislanaiedmduiuiiademuadu (Line sources) wanszny
i b =l i & v 1 -
veadosiulasaineglnaiany  daenudngnauaulasina - annsaldlivntinnud

(Hassan, 2009 : 407-410)

ARy gesitient = 10 log(fo) +101log(b) — 10 log(x;) — 10log(y,) — 23.4 aun1s 2.30

Yer AB Coupling factor

—-
32m2 X <2 X f3 X My,

Y=l - auns 2.31
kai” X fo
M. xM
M\ Sgmie 72 aunny 2.32
Msf + Msb

P & i h v '
119 kg A9 Dynamic stiffness vadlAseasne (Ramuen)
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]
i

3) 1Al 3 YignaluAulaLA1IAUMLA (Damping controlled region)

Q‘ a) a) ﬂJ v at 4 1 5 =i s 1
maunagaduludnuvuriiludigeduidessewitausiuiiassdianuddolunsduusiu
agvioudsanelutesin udlumemssiutwuasvihliggdsnsdaiiudidanasioe Tunsdliideil

=l - !:.l) cll o v a
NTAAAIVDUAYILNAYUNYN f > f, Aeaun1s (Hassan, 2009 8198493910 Sharp, 1987)
R=R,+R,+6 aunns 2.33
Ry, R, Mdwiunidsrinuuenuasuiantsly auaisy

i single panel uag double panel l¥aunis 2.14

dwilu sandwich panel t4fauns 2.15
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| v
2.4 9MUIENLNYIVDY

J.D. Quirt, A.C.C Warnock wa¥ J.A. Birta 310 National Research Council Canada 191
lasamsidenisneaiuveadsdduniis@udu (Sound Transmission Through Gypsum Board wall:
Sound transmission Results) tun1snmasaiiatnaAl Sound reduction index wag A1 Sound

reduction class Tunsnaaauinratu leseuundanuy 2 $u vnmsadusmwdsanelutuau

Jarle Ellefsen, Sigmund Olafsen Igvhmsaneides Empirical calculation of sound
insulation in lightweight partition walls with separate steel studs \uns@nwinisinnisiu
Foswerniaw Judumts 2 40 uendrelasiadrandn Tsldidamiinisveasy 50 nsdl Taeld
wnasilunisiden 2 a8 A inausiusnrdaldguduueia auia 3x13 mm luudazsu asanansld
fanduides mineral wool ¥ 250 mm - tnaisifiaes nidldBuduuadn aunm 2x13 mm Tuusdas
s assnansldianduidus mineral wool wuin 200 mm  damnedaueiaiiguiadsly
Useneuesing dnvazissivaasuiiueadnilagluiedive Swsnidemearurinaeuensi
malassadaveaiaaldestsdaen - Tunasiuavensdiinwividiuiivzeiutensivundaniely
viowazSauliiumilmantsell fusaiifals wailmanisaiiudseguudannts veunesgiugls

Weu EN 12354-1

e o = < ar \ 5 . y o o
Jens Hologer Rindel yimn1sfinwitAgnnu Sound insulation of building Taan153daiie
a o o o ) ar - § oc ) 8 =
nsiAYeInIseanLUUaNIUiEeN dauninddgresnsianniiludeturevguitarnis
i o 1 (" A} 5 < a e v ot
wilutlgymsne 4 Tunsawauiudeadunty A we Fuass viedndwaveulunsldauiuiu
-l 2 1 = 1 4 u ar - «l X U 173 v a
\desrawmninN andunddguaanisiaunde alulagnlglunisneaselusuinaniauauiuiu

deaind Wuduaausaviilaauilusuineg

Dejan Todorovie, Dragko Magovi¢, Miomir Mijic ke Dragana Sumarac Pavlovi¢ la@inwn
1384 Sound Level Difference at Source and Receiver Side of Homogenous Partition at Low

) v a o v [ w o ' @ 4 5 £ v oa
Frequenmes LﬁUﬂqiﬁﬂU‘qﬁﬁﬂULﬂﬂ'ﬂﬂﬂ']u‘?.l'lﬂ'?]ﬂQNUQVlLLWﬂﬂ"l\?ﬂu LﬂaﬂqﬂqiLLﬂﬂﬂaﬂﬁaQﬂﬂﬁﬂaq

a v v v Y < o v v v v w v a odd a v @ & Ve
FAANUAILNUIVINUATINUD il qu‘u’]ﬂﬂaﬁm’]'ﬁuamfyﬁmi:ﬁﬁ'uLaENWWUN']NUQHQﬂuaaﬂUﬂﬂlﬂﬂqi

u

dviudswuTanuds msnmiidunavesnsimsginimaasenisnsyasseiudsdy

1
o

v o o o &
ATUATNVIUUBIHNUINAITUAAN
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ynmsAnwngqenisanidedluuni 2 znsuimgAnssunsandesvesands ausauus
' o |- ) . ta i
aoniliu 3 929m2708 Ao 1199 1 Stiffness controlled region 424 2 Mass controlled region wag

| s . ' - T ad v
1N 3 Damping controlled region Tmwauwmmumasmwuaqﬂummmnauwm

-

da o o -
(Resonance frequency, fo) Wag AUEINgR (Coincidence frequency, ) venids fviuieasy

5 o al at a A’
Junaulun1sAnusiinisanidu ey Gl
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e
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BT L ER T Traaairabiameiu
gausin: vn
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@m‘#’ 5

bemndinITan AimustnTan
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'MVBUW ﬁﬂ.\rh.ﬁ?\, VAUV {[Mﬂﬁéaﬂmq'u)
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o o o Y a
3.1 n’l‘iﬂ'muﬂg‘dlw'l.l'ﬂa\‘lN‘I.N'Iﬂﬁﬂb"l lLﬁSnﬂ?mqﬂ&Inﬂg’m

£
= 1

sUuvvreimeluiilifulutigiuiivanuasguuuy Fansidenliiiuegiv

'R

yadszasAnanMIlday anmwndeslunsinne dnvazvewiuindadeasunu Wudu dygui
Y o o w oo oa aw & @

3.2 uamaguuuuresiininisldlaeiily Feguuuuvesniidentdlulassnideil Wunluuy
3 ) s AJ 1 1 1/

2 9u (Double wall) udnvausvesmiafinsanarnduresitsveseiniaieauiy flasaiues
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————= Gypsumboard 12.7mm

—= Minaral wool 90mm

,—+non-lnadbearing steel stud

~= Gypsumboard 12.7mm

= Resilient channel
with Rubber-neoprene 10mm
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2 layer Gypsumboard 12.7mm

Mineral wool 80mm

Gypsumboard 12.7mm

non-loadbearing steel stud
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with Rubber-necprene 10mm
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Gypsumboard 12.7mm

Rubber-neoprene Smm
Gypsumboard 12.7mm

Mineral wool 90mm

-+ non-loadbearing steel stud

Gypsumboard 12.7mm

Resilient channel
with Rubber-neoprene 10mm
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1) ey

Properties

Material

Gypsum Board

Rubber-neoprene

Width 1, [m] 12 1.2
Height ly [m] 2.4 2.4
Thickness h [m] 0.0127 0.005
Mass per surface M, [kg/mz] 8.255 6
Density o [/ ] 650 1200
Elastic Modulus E [Pa] 2.1x10° 1.7x10°
Poisson’s Ration v 0.24 0.49
Damping coefficient n 0.05 0.1
Speed of sound [N 760 190

Bies&Handen, 2009 §7198491 Eillis (1943), Eldridge (1974), Lewvy (2001), Lyman (1961) ua¥ Green et al. (1999)

d L 1] @’ I o
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2) Taseasnemla

Material
Properties
Steel C stud Rubber-neoprene

Type of stud Rigid Resilient
Width w [m] 0.05 0.05
Spacing of stud b [m] 0.67 0.6
Thickness t [m] 0.01 0.001
Density o[ ]| 7850 1200
Elastic Modulus E [Pa] 207x107 1.7x10°
Speed of sound cn11/g) 5130 190

Bies&Handen, 2009 81989970 Eillis (1943), Eldridee (1974), Lewvy (2001), Lyman (1961) ias Green et al. (1999%)

o W as 13 i 3
n15199 3.3 wamnnaudfiaguedasiaiamlalunisdian

3) Tanduides

Material
Properties
Mineral wool
Spacing of wall d [m] 0.09
Mass per surface M, {8/ ] 1.476
Density o [ ] 16.4

Hassan, 2009: 394

A e s a o
A519fl 3.4 UannmaTAvesiagiuidasiildlunissnm

4) fnaslunsipdeuiivedids.

Material
Properties
Mineral wool
Temperature T [°C] 30
Speed of sound e Y] 349.2
Density o [/ 4] 1.164

Hassan, 2009: 164
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[1]

[2]

Properties of Material
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= Racrigtion.af wall — o e m e S mEs G Dan e e S s e G S s e mmw m
o Front Layer 1 Front Layer 2 Front Layer 3
] Material Gypsum board Material Gypsumb; Material m board ‘II
Ix (m) 12 Ix (m) 12 Ix{m) 0
Size y (m) I Size F (m) 24 Size y (m} o A‘I
Thickness h (m) 0.0159 Thickness h{m} 0.0159 Thickness h {m] 0 3
I Mass per surface Ms (kg/m*2) 12.084 Mass per surface Ms {ig/m* 12.084 Mass per surface Ms (kg/m~2] [ I
Denslty o (kg/m*3 760 [Density o (kg/m*3] Density o (kg/m*3) 9
Poisson's ratio v 0.24 Poisson's ratio v Poisson's ratio v 0
I:lm.: Moduluc £(Pa) Tlastic Moduluc E(Pa) Elastic Moduluc E(Pa) [] ’I
Loss factor B Loss factor n 0.03 Loss factor n 0 |
. ommn Rl e L L = em == BN o = e Lt - e nEIT A=ia et - === it et e Lt A l
| Behind Layer 1 Behind Layer 2 Behind Layer 3
’ Materlal board Materlal Fiberboard Materlal Gypsum beard I
x (m) 12 Ix (m) 12 I (m] 12
— iy (m) 24 LS iy (] 7] e v 2
I Thicknes: h (m) 0.0159 Thickness h(m) 0.015 Thickness h(m 0.0159 I
Ms (kg/m*2) 12084 Mass per surface Ms (kg/m®: 1872 Mass per surface Ms (kgim*2] 12084
p (kg/m*3) 760 Density. kg/mn3) 850 Density b (kg/mA3) 760 I
Pnlxsnn 'sratio v 0.24 Poisson's ratio v 015 Poisson’s ratio v 024
Elastic Moduluc E(Pa) 2100000000 Elastic Moduluc E{Pa) Elastic Moduluc E (Pa)
Loss factor n 0.03 Loss factor n 0.05 Loss factor n 0.03 '
Speed of sound & (m/s) 1670 Speed of sound €. (M) 2750 Speed of sound G (m/s) 1670
Ll e = e T — ]

e P gy M . SRR ——

P = rem e e s e sem .

T —

| Absorption ~‘| Stud i Air
Materlal _Minaralwool , | I Matarial steel i lpotkgfora) T T 1.164]
I Thickness [d (m) 0.089. || Dynamic Modulus 2, (2e) i 100 I speed of sound Jestm/s) H e 249.2]
Mass per surface M3 (kg/mA2) 293 ]umlq- (kg/m"3) 7 > L I INC I
Denslty P (kg/m*3) au |I speed of sound <. (mis) A § E% I
ut (N.s{m~a) ncing of stud b (m| —
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a) One layer of gypsum board on each side:

Gypsum board Absorptive Material Test Number  STC R,
15.9 mm Type X (C) mineral fibre (M1) 90 mm batt TL-93-157 34 37
12.7 mm Type X (A) mineral fibre (M1) 90 mm batt TL-93-188 34 39

cellulose (C2) 80 mm blown (54 kg/m') TC-03-176. | 32 28
12.7 mm (B) mineral fibre (M1) 90 mm batt TL-93-1686 33 38

National Research Council Canada,1995
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| Gypsum board Absorptive Material _ TestNumber STC R, |
15.9 mm Type X (C) mineral fibre (M1) ~ 90 mm batt TL-93-158 36 40
12.7 mm Type X (A) cellulose (C2) 80 mm blown (54 kg/m®) TL-93-175 37 41
12.7.mm (B) mineral fibre (M1) 90 mm batt TL-93-167 35 41
National Research Council Canada, 1995
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TestNumber STC R, |

15.9 mm Type X (C)

glass fibre (G1)
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a) One layer of gypsum board on each side:

Gypsum Board Absorptive Material Test Number STC R

12.7 mm Type X {(A) glass fibre (G1) 89 mm batt TL-93-344 46 45

National Research Council Canada,1995
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b) One layer of gypsum board on one side, two layers of gypsum board on other side:

Gypsum Board Absorptive Material Test Number STC R
12.7 mm Type X (A) glass fibre (G1) 89 mm batt TL-93-345 51 50
2.7 mm Type X (B) glass fibre (G1) 89 mm batt TL-92-426 50 49

National Research Council Canada,1995
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b) Two layers of 15,9 mm Type X gypsum board (C) on each side plus an additional layer of
12.7 mm gypsum board (B) on one side:

Gypsum Board X Absorptive Material Test Number STC R

b

Two types glass fibre (G1) 89 mm batt TL=-92-371 54 53

National Research Council Canada,1995
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(1] sianadgeuysd National Research Council Canada, 1995
[2] wanadgovuvad Salford University, 1990
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1) usiududu
Han1IMAABUAMANTRIENIIN Gypsum Association laelduinsgiunisvaaey ASTM C 473,

YUAYBILHUE UYL (ASTM C 1396)

a = Gypsum Wallboard and Predecorated Gypsum Board

b = Gypsum Backing and Gypsum Coreboaed
¢ = Water-Resistant Gypsum Backing Board

d = Exterior Gypsum Soffitt Board

e = Gypsum Sheathing Board

f = Gypsum Base for Veneer Plaster

g = Gypsum Lath

h = Gypsum Ceiling Board

ALY UNUB UGN R T§ Y

Type of Gypsum Board Thickness in. (mm)
a,b 1/4 (6.4)

a 5/16 (7.9)
a,b,e,f,¢ 3/8 (9.5)

e 4/10 (10.2)

g X0 . Cole,f, O h /2 (12.7)

a, b, e, desf 5/8 (15.9)

a ' 3/4 (19.0)

b 1 (25.9)

Gypsum Association, 2010



A1 Effective Stiffness

Board Thickness (in.)

kN*mm?Z/mm of width

1/2 220 to 580
5/8 440 to 1,160
Gypsum Association, 2010

1 Compressive Strength
Thickness in. (mm) Board Type kPa Psi
5/6 (71.9) MH Gypsum board 2750 400
1/2 (12.7) Resular Gypsum board 2400 350
5/8 (15.9) Type X gypsum board 2750 400

A1 Weight per Unit Area

Gypsum Association, 2010

Thickness in. (mm) =

Kg/m? Psf
1/4 in. (6.4 mm) 6.0 I
5/16 in. (7.9 mm) 6.4 b
3/8in. (9.5 mm) 6.8 1.4
1/2in. (12.7 mm) 9.8 20
5/8 in. (15.9 mm) 12 25
3/4in. (19.0 mm) 15 | 3.0
1in. (25.4 mm) 20 4.0

Gypsum Association, 2010
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2) F}ENE%NUG]’JEW]GU 2MBIIN Hassan,2009

69

Material Density Damping Young’s Poisson’s
(kg/m?) coefficient Modulus (X10° ratio
N/m?)
Chipboard 625 - 750 0.020 034-15 0.08
Plywood 1150 0.020 - 0.04 3.4-56 0.40
Rubber 950 - 1250 0.080 1.7-1.9 0.40 —70.50
(hard)
Steel 7700 - 7850 0.0001 - 0.01 186 - 210 0.27 - 0.31
Wood 7130 - 7140 0.0002 - 0.0003 131 0:33
3) Taseadawils 61989990 Hassan,2009
Material
Properties non-loadbearing | Wood stud
steel
Type of stud Non-rigid Rigid
Width er s 0.038 0.05
Thickness t [m] 0.0005 -
Density p [kg/mg] 2500 625
Elastic Modulus E [Pa] 1.89x10° 2.1x10°
4) Tanduides 81989310 Hassan,2009 ; 394
Material
Properties
Glass Fiber Mineral Wool
Spacing of wall d [m] 0.09 0.09
Mass per surface M, ["g/mz] 1.476 2.934
Density 5 [kg/ma] 16.4 326
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Front Layer 1 Front Layer 2 Front Layer 3
I Material Gypsum board Material board Materlal Gypsum board l
Ix {m) 12 ix {m] 12 ix {m) 0
e iy ) 4 o Iy im) 24 3 iy (m) o i
[1] Thickness h{m) 0.0155 Thickness h [m) 0.0159 Thickness h {m} )
Mass per surtace M3 (kg/m*2) 12084 [Mass per surface M (kg/m"2) 12084 Mass per surface Ms (kg/m*2) [} I
Density p (kg/mA3) 780 Lﬂ’“ 3 760 Density p Ikg/m»3) aQ
Poisson's ratio v 0.24 pomm s ratio 0.4 Polsson’s ratio v 0
I Elastic Moduluc E (Pa) 2100000000 Elastic Moduluc {Pe; 2100000000 Elastic Moduluc £ [Fa) 9 I
Loss factor n 0.03 Loss factor 0.03 Loss factor n Q
Base e Gew e G men e DS B NS e G Gee e Gee See BEW WS Gee Bew e mew e e som e el
W e G M Gee  Goew W  mmm Mon W BN G GOS BN SSED WS BN Ses S sow TEm  wmm son  mewm  mes  mem !
! Behind Layer 1 Behind Layer 2 Behind Layer3
Material um Goard Material Eibarbord Material Gypyum board I
’ Slre L L3 Size Fl:“! = Size e i} 12
Iy (m) 24 Iy (m) 24 Iy {m) 24
I Thicknes n(m) 0.0159 Thickness [him) 0.019 Thickness h(m) 0.0159 I
Ms (kg/m*2) 12082 Mass per surface Ms (kg/m*2] 16.72 Mass per surface Ms (kg/m*2) 12084
[2] 3 (ka/m3) 760 Immng p jkg/mo3] 810 5 (kg/m™3) 760 I
vulnon s ratlo v [ Polsson's ratlo 0.15 Polsson's ratio v 0.24
Elastic Moduluc E(Pa) 2100000000 astic Modulue E Gl‘ll , 000000000 Elastic Moduluc E(Pa) 2100000000
| Loss factor 0 003 Loss factor 005 Loss factor B 0 i
Speed of sound c. (M/3) 1670 Speed of sound = lm.'sp s spead of sound e (m/s) 1870
B T T I e e |
- —— = | | — G r . e — oo - T hoamit B s L Sresa wesw =T v oaien
i Absarption Stud i il Air
Waterlal el wool ] Materkal Jiteel = Density [octkgims) | 1.184]
I Thickness {d {m) . G089 i K £ (Pa) e . 10000000 ' Ispeed of sound s (s} 349.2)
Mass per surface Ms (kg/m*2) L! l Dansl P [kg/mP3) 1200 b T i B o e |
Density » (kg/r™3) 2 spead of sound S e T . )|
bim Hnd VAT

i Alrflow resistivi i Foa ) e
- ~ - e e m
£31 ;
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L 1 al o nJ v
2) wihlusunsy uamsdunAulIuAuiduRes (Resonance frequency)
Resonance frequency (fp)

Ms (front} -

Frequency n P 4 MM, L8 pld 2P fo i
125 o 1.464| 0.089] 0.055834081] 23.54157| 55.57652 6915207
0 +.154| 0.089] 0.065832081) 23.54157] 55.57692  59.42807| §

0 1.154| 0.089| 0.053822081 23.54157] 55 57652 88 L
0 1.154] 0.089] 0.053834081| 23.54157) 55.57691 [169.18507| I
3 o 1.254] 0.089] 0.055834081] 23.54157) 55.57691 6925507
o 1.183] 0.089] 0.053834081) 23.54157) 55,5783z #7.18907|
0 1.164] 0.089] 0.055832081] 23.54157| 55,5760 D&e. 18507
o 1.164] 0.088] 0.083834081| 23.54157] 55.57531 [169.28507|
0 1.164| 0.083| 0.055833081] 23.54257] 55.57601 59.28907|
0 1.164] 0.089| 0.055524081| 23.54157| 55.37631 [ 62.48007
1] 1.164| 0.08%| 0.0558340B1| 23.54157 'l
0 1164 0.089| 0.055834081] 23.54157 I

0 3.1 0.082| 0.065834081| 23.54157| 55.57691

0 1.154| 0.089| 0.055833081] 23.54157| 55.576591 59.153)7."
0 1.164| 0.088]| 0.085834081| 23.54157| 55.57691 !l!.!?ﬂ'.'f.
o 1.164] 0.089| D.0s5s32082] 23 53157 55,5760 Jep.cezo7| |
1| o0 +.164] 0.082] 0055534082 | 23.24157| s3.5785: Jez taz07| |
530 il o 1.162] 0.083| 0.055532081] 23 58157 55.57591 Je5. 25907 |
B00 17 o 1.164| 0.089| 0065834081 2354257 =5.57601 flae. Leso7| |
1000 i o 1.164] 0.088] 0.055823081] 23.50157] =s.57632 J8z. L8507 | ]
1250 1| o 2.264] o0.089] 0.055832082 ] 2354257 55 57852 Jen. tes07]
1500 1 0 1.184] 0.088| 0.065833081| 25.54157| 55.57691 !9.'-3907‘!'
zoo0f2z.1f221] o 1.164] 0089| 0.0ss83408:| 23.54157] ==5.57802 fgn. 13907
2500 12.1] 22.2] 0 .184| 0,083] 0.0s5533081] 23.54157] 55,5760 (80 12007 | |
3g80] 12.1f221] o 1.164] 0.083] 0.0s582408:] 23.54157] s5.57801 fenasso7] |
aooo| 12.1] 12.1], .0 1.164| 0.088| 0.055334081 23.54157] 55 57652 Jl6p. 18807] |
soo0| sz.sfez i) o 1.164| 0.089] 0.055534081| 23.54257| s5.57592 | 5825907
s00] 12.1|121] o 1.164] 0.083] 0.055mz4081| 23.54187] s5.57501 J s azs07|
sooo| 12.1]2:4]7 o 1.164] 0.083| 0.055834081| 23 31:57| s5.5760: 55, 18007] ||
10000} 12.2)1272| © 1.154| 0.083| 0.055834081] 23.54157| 55.5759: f62.18807] |
12500] 12.1[321] o 1.264] 0.088| 0.065834084] 23.54157| 55.57632 fee. 18807 I
1so00] 122] 222 0 1.164| 0.083] 0.055833081] 23.54157] s5.57602 e 1as0 |l
zoooo| 1z2.3)422) @ 1.264| 0.083| 0.055834084| 23.54157| 55.57622 J58. 15207 ([}

v & o da v o @
MU THAZLARINAN IAUIUAINAAUNEY ( Resonance frequency , f) Yadntlaviassuy
< ] n’; 4 =t ol o 41') v at 1 <
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