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ABSTRACT

Introduction: A wood-wool cement panel (WWCP) is wood wool combined with Portland cement mortar.
This environmentally friendly acoustic material can be used as a thermal insulator and fire-resistance
material with desired mechanical properties. This study aimed to determine the mechanism by which
WWCP absorbs sound and the effect of production and application parameters on absorption

Material and Methods: The samples were prepared from poplar wood wool and white Portland cement
as a binder in two Cement Fiber Ratios (CFR), namely 2:0.7 and 2:0.95, with bulk densities of 400, 500,
and 600 Kg/m3 and thicknesses of 2 and 4 cm. Three layers of backing: air, polyurethane foam, and glass
wool were examined separately. Acoustic absorption coefficient was measured using an impedance tube
based on ISO 10534-2.

Results: The highest increase in the average absorption coefficient due to the increase in thickness was
observed for the sample with a density of 400 kg/m3 and CFR = 2: 0.95, equal to 0.3. Increasing the bulk
density to 500 kg/m3 for most samples and in the high-frequency range led to rising absorption efficiency.
The optimal backing effect was due to the placement of 4 cm of polyurethane foam behind the sample,
which in both thicknesses led to an absorption peak with an absorption coefficient higher than 0.95 at
frequencies between 400 and 500 Hz. Selected samples showed that painting WWCPs led to a limited
drop in absorption coefficients at high frequencies, comparing the before and after painting results with
oil-based paints.

Conclusion: Tuning the absorption frequencies of these absorbers can be achieved by altering factors
such as the thickness or density. It has been demonstrated that the effects of thickness and bulk density
on the sound absorption of WWCP are related to each other. Concerning the CFR values, increasing the
density did not significantly affect absorption in the two frequency ranges.
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1. INTRODUCTION

) a matrix of Portland cement mortar, is an acoustic
Porous materials possess a network of

) - B absorber material named wood-wool cement panel
interconnected and irregular cavities and channels (WWCP). A literature review indicates that little
that can dissipate sound energy, which is why these attention has been paid to the effect of WWCP
materials can cause sufficient sound absorption. characteristics on sound absorption across a
The search is for more environmentally friendly broad spectrum of frequencies. This study aimed
acoustic materials than mineral and synthetic to determine the mechanism by which WWCP
ones. Wood wool, a natural fiber combined with absorbs sound and the effect of production and

* Corresponding Author Email: esmaeelm@sina.tums.ac.ir application parameters on that absorption.
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2. MATERIAL AND METHODS

Initially, poplar wood logs were cut into blocks
of 50 cm in length and stored for six months to
allow the tree sap, primarily composed of sugars,
to leach out. With the assistance of a special grater
machine, wood wools of a particular length, width,
and thickness were produced. In order to prepare
the binder mortar, Portland white cement for each
sample was mixed with sodium silicate powder as
an accelerator and water in amounts of 5% and
40% of cement weight, respectively. For fabricating
WWCP samples, the mixed raw materials were
molded under pressure by a hydraulic press. Then,
samples were de-molded after 24 hours. Samples
were made in two thicknesses of 2 and 4 c¢m, three
bulk densities of 400, 500, and 600 kg/m3, and two
different CFR (2: 0.7 and 2: 0.95) to investigate the
effect of the thickness, bulk density and cement
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to fiber ratio (CFR) on the acoustic absorption
coefficient. Measured sound absorption coeflicients
were obtained as a function of frequency in two
ranges of low (63-500 Hz) and high (630-6300
Hz) frequencies. Acoustic absorption coefficient
measurement was done according to ISO 10534-2
standards and using an impedance tube device.

3. RESULTS AND DISCUSSION

The effect of thickness and bulk density on the
absorption coefficient ultimately depends on each
other; that is, to maintain the optimum absorption
coefficient, the other must decrease by increasing
one. The impact of bulk density on the acoustic
absorption of WWCP samples with CFR = 2:0.95
is depicted in Fig. 1. To compare the impact of
CFR on the acoustic absorption of WWCP samples
in this study, Table 1 lists the Sound Absorption
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Fig. 1: Effect of bulk density on sound absorption of WWCP samples with CFR = 2: 0.95

Table 1: Effect of CFR on average sound absorption of WWCP samples

Average sound absorption coefficient (a)

Thickness (cm) = Bulk density (Kg/m®)
400
2 500

600

400

500

600
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Low frequency = high frequency

CER 63-500 Hz 500-6300 Hz
2:0.7 0.11 0.4
2:0.95 0.07 0.48
2:0.7 0.07 0.46
2:0.95 0.07 0.65
2:0.7 0.09 0.58
2:0.95 0.1 0.57
2:0.7 0.15 0.67
2:0.95 0.13 0.78
2:0.7 0.14 0.77
2:0.95 0.19 0.67
2:0.7 0.21 0.66
2:0.95 0.26 0.64
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Average (SAA) divided into two frequency ranges.
As seen in this table, changing the CFR value from
2:0.7 to 2:0.95 in the low-frequency range did not
affect any samples’ SAA. Increasing CFR has not
led to a significant and consistent change in SAA at
high frequencies.

According to the current study’s findings (Fig.
2), all three layers placed behind the selected
WWCP samples, including 4 cm of air, PU foam,
and glass wool, had a relatively similar effect
on sound absorption. A layer of the mentioned
materials placed behind the selected samples has
only displaced peak absorption frequencies towards
higher frequencies at frequencies higher than 500
Hz. In contrast, these layers have significantly
increased the average absorption coefficient at low
frequencies and even produced an absorption peak
at these frequencies in both thicknesses.
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Graphs showing the absorption coefficients
of WWCP samples before and after painting are
provided in Fig. 3. As can be seen, painting the
samples has led to a drop in sound absorption
at frequencies higher than 2000 Hz. In thicker
samples, this effect is less pronounced. In this
case, the loss of sound absorption may have been
caused by a reduction in the surface porosity of
the absorbent material. The present study confirms
the results of studies involving the painting’s effect
on other absorbers. In their research, Bozkurt and
Demirkale (2020) used colorless plaster layers
to increase the sound absorption coefficient of a
composite absorber produced from pearlite plaster.

Looking at the sound absorption graphs of
the studied samples, we can see that the sound
absorption pattern in WWCP is more of a narrow
band type and more similar to resonant or reactive
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Fig. 2: Effect of backing layer on sound absorption of selected WWCP samples
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Fig. 3: Sound absorption of selected WWCP samples before and after painting

Journal of Health and Safety at Work 2024; 14(2)

369




A Jafari et al. / Effect of production and application parameters...

absorbers. This can likely be attributed to the stiffer
nature of WWCP, which results in a resonance
frequency that gives rise to the absorption peaks.
Although the bandwidth related to the maximum
absorption coefficients is limited in such absorbers,
it is possible to achieve sound absorption at low
frequencies with smaller thicknesses compared to
porous absorbers.

4. CONCLUSIONS

WWCP is a porous material, but its absorption
pattern is similar to that of reactive absorbers.
Consequently, such a material can be tuned
to control a specific narrow-band noise if its
physical characteristics change correctly. The
influence of both thickness and bulk density
on the WWCP absorption coefficient depends
on each other. So, one increases more than a
particular value, and the other must decrease to
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prevent falling in the absorption coeflicient. It was
shown that the weight ratio of cement to fibers
in the range of 2:0.7 to 2:0.95 has no significant
effect on the sound absorption coeflicient of
WWCP samples. However, a back layer of air or
a soft porous material increases the absorption
of low frequencies. Painting the surface of these
panels reduces the absorption coefficient at high
frequencies. Among the samples investigated, the
thickness of 4 cm, bulk density of 500 Kg/m?, and
CFR= 2: 0.7 offers the highest sound absorption in
the frequency range of 63 to 6300 Hz.

ACKNOWLEDGMENT

The authors would like to sincerely thank the
respected Research Vice-Chancellor of Tehran
University of Medical Sciences for providing the
essential support and resources that made this
research possible.

Journal of Health and Safety at Work 2024; 14(2)



BAKL-PGV Silain 1161 oG /P s)lald /1€ sl

Olow — W92 4y S (SwiwgST T I 390 9,5 9w gl Al g0 Wil

TW.\J} u.ao)s {*‘)% ey s Ls yowoxo s“s).éx? GL:

Ol eyt ooyl Sy pole olidls cilags 0aSiils ((glad > Cublags (swdige 09,5
Ol ot (liws S (S pale olfails wablags saSiiils (slad,> Clagy wdige 05,5

VE-F/F/Y e s gl DE /P sl o fu, b

oxs =

O3l oo |y (WWCP) Lo — gz iy i ol s Loy e b oS5 30 g (sloaiiss ; idondio
Sl oI55 b B2 sl o polie 3 5 (il Bale e 4 Wlg oo Cany L Ly Sl (SiaagST oolo
a5 (sl el 3l st 5 s WWCP (sl i (rmncsilSn £55 pnss dalllane (ol 51 B 095 oolicin gllane
Ao i anTB g9, 0 )lS

Slite SIb el a9 BLIT & locns S 93 3 il Dloss § 092 slaaid) Sl ladiges )15 (09,
oot (652518 Jolds s (59) 1 63518 Sl ans diad agd yia e B 5 ¥ glaculis 0 50 s
Gal S, 53l a8 5 )13 6 Soilail 590 wlflon jsb 4y adeds iy b g B el psd b e Y SO L
bl uilaeal g o8 loalinl b Sgo o cupd 6503l 28 )5 )18 ) 05590 5 xlans
A pll 5,0 PV e B EY slS 5 0dgumme 40 1SO 105342 o luiliw

20 B0 5 Sl s il 55 5 tignd s Rl oS ol (5 imgly ol slosdly 1o iy
Bee oo b andls Lalidl aolsl o8 o 10 595 o i LIS ialiil 4y e aaigas 251 6l oo e
2 OBl psd e il ¥ pols )86 IS Y o oy Fargy ol badiges el Qi o talS e ge
Sl S5, a5 0 00l ()l (289, Ky Sl gy p0 i o S SO oy ABLSN e AT 39 diges Sy
P sy 5y B0 e S B 5 Lot 45 laisT & 5 m ke b &y e L oS 3
oLl slasl e gile ¥ cwlbes b diges ol po jlaie o tals

G azg Lol calid 55516, b (gaaid (lapmdlSe 4 jiiog WWCP Sigo 0ds mumnnilSe 16 p5 domacii

Ly ol aile Lalye ysi b (625> iz ol 5 sliogl walais wile 55 ol 1o S iy orir (55

Mo e o« SCtangST o o frloiio Sgo o ylocw ~rs> 42, 3535 OlalS =

esmaeelm@sina. tums.ac.ir :a5\5s Jytus oo g5 Sudg xSl o 3

)5 oyl g Cubslagy aslilins



slamle 51 SwsST Blaal gl gl eolatul

cox sleais, (VW OF7) cl jlojes n o GYsb
FeSerle bceS 5 ) (b U (29 plgie @
G o WAl sole S lere 4 wiliy Glesw Ol
oals a3l (WWCP) 7 ylows — g at, b ol
L, WWCP 35 (V-Y)) L5 5 9,0, ((VA) Col
2 e il esls 5 2l ol sleelly
oals polie (W ohaw 59, » b cnl 12!
» ogde WWCP (V) aws o ljdl |, oM Jlasl
Sype G plp yo polie odle 5 ()l Ble Clgie
Gy ol Sldlas e:SG (V0) 0,5 1,8 oolarl
Sl mizmen g WWEP (Sl (olgs (o) 2
S myp 5 W QLA iy slagiagh
ol o Ciz  WWEP la S 23U 5, 2
W55 Ogo 09, S Gl S s Logas
SLad (FA) LSed 5 po il (TD FF Y e) el
slaiga I (S SIb a5 culbrs a5 wols
Voo oilS 3 00g0m jo oo iz 3y WWCP (gl
Joe bl el g oogdle 0038 o 36 5,8 YO+ b
2 yewwlio |, Johnson-Champoux-Allard (JCA)
sl WWCP glaw Qi giledns cqz Joe
Job « JBs s dlox 5l Jalse S0 1 (TF)
i Caols p BU G Gl s 5 g SUI
Mo 5l a8 osz Ll slo iy 3 6,500 45,0 oo
9 b bawgs 09d o0 ale (S0 5k plgie 4 (con i
BL.(TY) cd )5 |8 adlas 5,50 Yo VA Jlo jo o Ko
Sgo iz i) pl yo b Oladod oS s ax g
03,5 sy F 2 Y0 5l 2SS owilS )8 00gume yo |,
sl uls 3 Ll s glolaow 0 eVl
&5 (T3 YA) Wigdhign Jals 531, 55,0 Yoo 5150

ohBas g s)has e

doddo =

colg Sler Sl sl ol
S Jelse 51 (S Glyis 4 Fse (Sogll (WHO)
Sy fly o o)l Gk Sl Pl sy
b a2l ;56 cou wlgs oo I8 colial 5 0503,
JrS ssbie 4 (V1) 05 13 1o 5 pu p slalae
Oed (Al Sl Sl Gl oo lae VL zolan
Glrabizs (alye Sl 5 JWb oSasslao
g ) 5,8 ool lao glawdls 5 SeiwsST
@3l slge sl eslitul dzl js (o) g yeS anse Jdo
=gl Sy Jlbre ol 5l (S lae
ool Bl (g5 2oy JLb o b 4 S 35
39 e polie 5l (S oo il s seu (V)
Solone SeiusST 5 (sxio glao S5 Glapianm
—sSey S Gk 5l 25k Sse 5 Gl sl
(N aib o ple)S

Gla JUlS 5 oo i 5l glaSids gl b selscie olge
4 e Mlgiee &5 aitws plaidli g gy o
oo b gy med 5l igd (See 8 Sl
o s (1) a8 s lao dle lsie 4y wiilg e
Slge (Goina Ll jo pladze (M 5] piu Hol>
(S0 Sl S S aoa b 55 5L StsST
Life) ol as,> sla oLyl () 0) abb oo Eoian g
30 b 0lge 4T Wilesls lis «(Cycle Assessment
s Oz @) )l Dge Ll slge b avslis
GraS s Jolas CO, Jlaie o S iy 5 i
b SLIL ol jsb 4 (Y ) WS e oy
ol Gl oy atails 51 sl Js a
Coly owpwd (gl SIS JBlas YL gl
el G958y 429 (oml Sesd g 3k polie o
AY) ailos,S > 095 4y Jge Ll> lgie 4y oolaiul
15 BLI ol 5l B 4 el 53 LBz 51O F
Jsd BB (Sl 5 (o582l 4 joip dnng 1>
OV0) diloduws 5 0 IS

2. Wood-wool cement panel

1o BB /P a)laid /11€ sla (5 (ilay g Cublagy aslibod

1. Visco-thermal

wyp



e (33E005T (315 33 3115 § 3403 (slaadlgs 35

cor and) slul 5 SKle 1Y Jgas

(bl Jsb

SEY £ /Y0

IS & o Glge A i DUl p35 b aised o
Olorw 039 15+ 5 10 slacews ;5 sy 4 ol
(YD) wd Lglses

Gail; oS5 by (Fuws Dy50 @ by jselS
Y5/ 4V g Sglase CFR 50,0 &lo g s>
lal ;9530 CFR g0 Ol Cypz 2o ags <1V &
cole glagts; 5wty Sldlas owyp bl
ooll ol (75 F0) ailis ) 4 Y lsgu WWCP
adgl dges (paiz pSoilil g CSle mes
4 Y CFR polas jloolazul a8 ol (6 S aoms (glily)
cElo 4 olpl 0 0ezge adgl Blga L+ /Y 4 ¥ 5 /20
1 sloPn (e 0 &5 A el i oladiges
ally gl Gl Cd> oo (S5 S
BUNEERVE | LIPS L SR I SR VI R S
slez pals [l diges Jodso (loww Cans o>
L blas jo .0l walss 7 Gl cdls 5l aiges g 8L
S Mz 5 2oz Al ) L 0> Sl Gl Sl
3 S polie 8l wlys palS diges plSoriul 4
Fov g 0er Foo S gbbazals b ol belke
ol T oV lacilins g S o p e SokS
ol b e (sla b b slaly) (slac B 5l aslizal L
el ¥ Soe 4 B ains 6, 85I uslag
ENSTRN L COWKIP-PRUCIRLIC I PR R VR AR I B
JooSS slp oy cnl wad en (Sgyaes 0
Ol 5l o g Sl (BB plors adgl (38 anl)
baiges (a5 g)l> B Sl bediges l5 o
Seaglie ST 4 (o) 9 Oler 2l GBS Sl
SIS (rb JLad g Lo 2o 55, Ve S ( Sl
4 ladiges Cugh, ol 5ae a3 cnl Jobo 5o (1Y) wins
sl rels ws o iyl eS

wyw

VYo £ </vF

Yo/#0 £ AAR

Soe gl glr 2lsnd OIS 555 Gl S 5k
ATV V) el s YU Luils 8
E9 et cdadllas ol Blaal 51 SG colul cpl
wre sl Gk 5l WWEP (law iz il
PY 5l gy (sdlS B 00game Sy o ol Dge Dl
e Soyially Sl wpdle 4 ol 5 ST
S « S alidls (wales doz 3l 055 5 oy
GITAY 5 (50155 (CFR) "L 4y o 39
Ol 5 g lae LA (59, » (backing) diges coiy 4o
Jolo alllan 5 (6l i (slaulS 8 ekt

sl 438518 (o) 2 990

Moy =

lodigar Clu
G sl 00 Jsb 4 pato Cgx lgll dal o
ez rewo U aiad Lol ol il Sow 4y g 00,9
o5 ) el o0d S5 gaid slge 3 boas 45
sz Gladil) (peats ok, olfius Ky SaS L
O Js2) b 0 ol s 5 e oo L
sldl sly ooz gy Bl o kle e
Gl Tl 28 a1 L o] )8l (Sl
pyo o> a5 Wleoly lis saxie oldlas (YY)
Pl Wlgige g adls Slaw b 1) )85k 0 e
gz (1) a8 sbml ol sl e Sl
DAL 4 S gz soyd 5 M dlge Ll 7o

L oou,lS eedS o1 Jsloeo jo gz sloas, atele
85 plonil ahal oy by S Glais 4 o8 clalé

s Ologs e o 4 sl (FF)

Slp osds o

1. Cement to fiber rRatio
2. Cement setting

11€e 0 BB /P 8)laid /11€ sla (5 iyl g Cablagy aslibod



ohBas g s)sas (e

WWCP (ladises (56 Slasuin ¥ Joaa

Kg/m?) S azesls

N Y £
A8 Y f..
VY o
LY o
VY g
SR8 Y s

Y £
A8 Y f..
VY o
LY o
VY g
SR8 Y s

‘White cement

e ]}ﬁ'\\

‘Wood lrogs

Extractive reduction
with salt solution

Calcium chloride

(€m) cuwlxs
Y \
Y Y
Y Y
Y t
Y o
Y 4
i 4
f A
¥ A
f \.
¥ AR
\ \Y

Wood wool and
binder mixture

Sample after demolding

Impedance tube set up

Gl oy £pSelul g ladiges cilo gl 1Y WS

PSS ¥ ateadls b PU) sl o yioisiib
G503l 3550 add ity oo By o
@ e jsboay 15500 Sy (nl 51 S0 a8 518
S A g uilael Bl o (i diged ol e
Wged Cudy 50 ey olge b lgp aY a5 wiad (g, I8
Bgad g 2o eildgsl S S L eled 0 (s
258 )18 S usly Caws ;0 WWCP
SNY R ULNTISIES S U Tar - s
s (595 (S el oiws loslainl b pgg, K oo
S o 4 dz g b aad eadl cotie sladiges
CHlySy Ky a¥ S oll el daaiges Sl

1€ Bl /P sylaids /11E sla )15 (iay) g Cublagy asliling

Uiolesl 8,90 diges 03jlgs Glasin ¥ Jgax o

Cd oy (S oIl ol Al e jo el sus &l
duolie wloly 5 ol (5 ,uF03ll Aiges VY pl gloo
Gl AYL Sl b slaaised wael Cuss @ polis
doyo 0 G5l 5 iy ISGY b o)
s (e sladiges) wins bl (6 8051l pgo
@ axg bamo o olis 1) baiges el ol o
L olye 1, @iz gleail, WWCP con sl
Sony g Suly 53 Fpy dlge b lea 5l sl og 3l
backing | (ow)n oz e ladiged opi

¥ s e il B oolyan 4 ulagel Ayl 45 cin

wyie



e (S3T05T (3T)I5 13 3115 § 303 (slaadlys 336

REPEER

basl =
Y CFR L obdises slp |y, Gio colo ¥ S
Aedld dw g o il T g ¥ Cwlbs g0 0 0 IV &
353 o sunlie aF jshailad aas s i Siglie S
ST 00 iy ialil s odle wwls il
a8lol 4 oo 55,0 FY e U FY ¢ 0ogusme slo yuils )8
SRR S IVER N S T Aee:
3 Cwlbrs Gl el ouls caSoyie 5 p S elS
olPl el (e B0 e B AT) ol (S 2 oogace
53 03990 ol 2lel g (Sl Sl plS p iz o5
aedld )0 ial8l pl (I cal oads ancidls aw j»
Sa9b 42 el 035: sy Soia oSS P
8 IV iz s e O il S 0 oS
S glo Gi 535, W IS jsb 4y .zl il
Gio BT o —8Y ) YU Ll s culies bl )
&S obdige (oS )8 odgaome (pl yo el 53k
e ) Sgo Cdx o Sl Ll o i
PSS Be e 5 ¥
3gs o /Y 4 +/A0 oS5 4 CFR polie g caxSe o p

aesls glyls wssls lad 1, (+/F

S sl
cabes p3b as ools plas nl jloies &5 shailen

oS el Ay S atndls e 4 o i
Omesd ged Culd g cal @olo 1S gedge ()
76 Lged i p Wl o yadn Aluils 45 IS (o
Sldises Fyo ©i> p SIbandl b oIS
Gl el oad sols plis ¥ USS 5 WWCP
o8 o3l j0 g e gle ¥ Cwbs gl als
2 Ll el ailad Gl o po 53y 2 686 (ol
s I3l Vil 3 03l 0 5 Cuslied e
o Ciz o5 caSeie 5 pSsks 80 b SIL

BYVo

ail,d S Cuz o)l gy Jibe sladiges ;o
24l Y Sae 4 S5 sl Gley S (550l
b akold g ol oy JLa3 Cizmen 5 0l a3 Sl

8,5 18 S o (e sble T0) ladiged plas

e oz s s pSoslul
ladiges oo iz o gpSejlal ol
dgl g3 e FY-
eSh cale SWAT7 5 SWA22 Ja) Ll

L 2y uwlS)s 0dgiste 4O

3, lastiw! &lkas (e BSWA Technology Co.« Ltd
L aly) (FA) 8,5 18 oolil 5,0 SO 10534-2
Sl IS 3 (5 e Se3lal sl (mshin V+ ) 55,5 b
SrSoul sy Giasks T4 x5S Ay 5 ol
ISO 10534- o lasbiwl ol eolaiw! YL sla uils )3
coyd SxSoilul lp 1) cas slagts; 9 bl 2
yolie jo uilagel gl sl colainl b slgs Jgo i
@l esdligins (oizeen WS (oo patie SlaiSle
595 3 ol 3l oolaiul 5 gawl S ¢ >yl 5550 50
osl3 0 eolatul oj90 syl Ko S o &Sl
2 0 IS by g WVF g jLid 5l g e Ve e
Jhiz! dez 5l g u5oslail slalas  als Gos L
s wSoslal wlliws o baiged cuwbol 5.5,,8
LSS 2 50 ald IS5 dged o slp b 4w Jlao
03,lag S JB1s 10 0)lss 5z, oSiws 51 LLS il
heotabesl GU1 5o (S5 bams (pizpan 285 )8
S anld sk )0 gyl lad 5 Cush oo alex
o Lado e 03g00me S 50 9 il 99
ol aloul BSWA VALab4 jl38le 5 b eools Judos
WV plie )3 @iz alpe S04 ol mlbs g
2o Ciz Sl sleloged aiael Cews 4 ail 4LST
asews Originéd l58ls 5 51 eolaiw! b leosls ¢yl (wlu!
B Ry e R S ERSTRRAR
o fagas (] guilS 5 oliie sl ol 3 50
eSbes e (gly ailoads @l o K & g0

Yo g 0l (il 2 slaojl 5l Sopm yo i cu o

11€e 0 BB /P 8)laid /11€ sla (5 iyl g Cablagy aslibod



ohBas g s)sas (e

1/0 Vi
— T=2cm
H-----T=4cm / \
: I
84—

90 density= 600 Kg/m? TN
= cement to fiber ratio= 2: 0.7 (g b : K
) i f | 5
= " 4 ¥ &

Hi ’ k / v
S . \
& v/s : o
£ ;
‘§ /
g i 1 p
B 0/4 K
T ’
s .
g /

0/2 L

7
0/0
50 500 ioo0 5000
1/0 4
] R 1N,

| density= 500 Kg/m? ! .

e
2
@

I
[

) -+ cement to fiber ratio= 2: 0.7 v 7 g
= - I
00 /!
g ,
=
g
3 /
g /
2 o4 !
i ;
=
= /
K -
.
P
0/2 - &
S
/0 -
50 100 500 1000 5000
1/0 = i
T=2cm
’’’’’ T=4cm e
P .
0/8 [ density= 400 Kg/m* | - =
1 X ’
= cement to fiber ratio= 2: 0.7 ; | | \
= i 3 i i
E : | ' |
= 0/6 - o - 8
S I ‘ '
8 i 2 |
= “
=
g /
2 0/4 i
= . '
= '
£ ;
E
0/2 -
——
0/0 ;
50 100 500 1000 5000

frequency (Hz)

109 ¢ 414 ; 1/0 I
)
p=400 Kg/m3 & : p=400 Kg/m3
v
""" p=500 Kg/m” AT “= == p=500 Kg/m A
- g ' i d 4 iy i
O/8 T p= 600 Kg/m® E ) E Y8 p=600 Kg/m> 3 e
! " \ / ! : £ g
= ss5 : Bt A y S
§ thickness= 2 cm : P thickness= 4 cm X /
s b \
8 0/6 — cement to fiber ratio= 2: 0.95 . | cementto fiber ratio=2:0.95 X “TTTN
& 0/ 0/6 5
< 3 -
8 ' ,
§ // 84
3 ;
2 h Y
/
.g 0/4 0/4 : /
= ’
5 J
3 /
8 / %
A,
0/2 7 0/2 z
0/0 +—= 0/0 i \/_/
50 100 500 1000 5000 50 100 500 1000 5000
frequency (Hz) frequency (Hz)

v:38/+ CFRLWWCP (slaaiges wis cus p SIb aals 556 ¥ S

1160 oG /P s)lad /11€ sl )15 isol § Cauislsgy aslilng WYYy



v TaTST IS 1 315 § 3105 slaadlgs 3G

08k 9 Vb (il (slaojly (pSbe il oy g9y 2 CFR 1363V Joua

YV (S B o3l eeSiln e

V) 5l (8 03l (Sl 32 o p2
Hz sy - Hz o- -

S ansls

(Kg/m?)

/04
= N .
0/9 i b L : r' ! \ 7 X
_ Thickness = dem ‘J’ A / \ 8, / ‘\\
0/8 - Bulkdensity = 400 Kg/m®* s H 3 " “ il o
CFR=2:0.95 [ 1 5 kR
~ g \ 3 N i
§‘ %7 | HE] / \r /
S 0/6 } / A Ly \/
S it D ~, I
5 0/5 1 e N -
g Iy |
2 o/4 A / [
Y i
s
]
3 0/3
/
0/2 .
o e ——rigid backing
/L BT i = = 4cmair gap backing
4 + + + + 4 cm PU foam backing
. 4 ¢m glass wool backing
0/0 :
50 100 500 1000 5000

frequency (Hz)

10+ . ([ ; ;
god il | { i i \ ;
Thickness = 2cm R \ 3 /
078 - Bulk density = 500 Kg/m® i W / ¥ [
CFR = 2:0.95 A L
5 £ ] Th
i \ , /
=07 —_—
H : EI AT
k] i
206 ! i/ LR
g : X / A
8 i I
505 ‘ ,’ ¥
= /
: 0/4 . = 4
3 T
S . \
E 3 ' / skt
5053 i
0/2 iy
v rigid backing 4m
071 - ’ ~ = 4cmair gap backing
Y e N et ) -+ - - 4cmPUfoambacking
o =/ 4 cm glass wool backing
50 100 500 1000 5000

[frequency (Hz)

WWCP (ladiges Gl cops p iy &Y £95 ¥ (655,15 506 :F JSG

dodiges sho iz p CFR 36 w)n cuz

CFR L sladises slp (SAA) Moo i :5ke
SAA Jlade .l oals &I1 Y o,leds Joaz o Dglase
e i ol 5l ples bwge SO @dly)s
5 00 B Y 5l WleliST pan Ky (ol 3 el
Slp Fa Y LAY 5 Gl (ulS )8 edgue sl
Jsoz cnl o a5 shilen ail oo YU (il 3 o3g0mme
Slade s ol wilS )8 00gasme o £ gud o0 saaliv
SAA 5 s>y BB b +/20 ¥ 4 oY Y 5ICER

1. Sound absorption average

Pvy

BRI TE T N1 RG] P VLR WERRY L ARV U
)L>a ud.‘> ‘S»US ‘&_AJ&QJM)J f)fjl“: Foo wlo
P;BLS O wlo 3o ‘U"‘ » Oj)LQ NG IPSEWORN:|
3 gy ghle T luls jo il oad adlal Ko
Foo gl s il im B0 e b ST S 3 ol
ISt 4 1) ol LS caSaste oy SokS $ee b
¥ JIPYe ailS sl o Ll ol il el
0dgdste U"‘ ud.‘> J‘,«a O o Mls ;A:L\ 9 asls

NG PR WA ‘5.«.».\[5)3

1€ oGl /P s)laid /1€ sla 15 ¢ian) g Cublagy asliling



ohBas g s)sas (e

WWCP Csuis sladisas SAA 5 iy 4Y g5 Y 55,5 106 :F Jouo

(backing) i mlaw

03b (Sl Ciz o 03b (el iz gy
Yl S 3 ol (ool 3
BN < YA
- £f YA
.55 ¥4
+ YA <Y
. 89 YA
L4 - ff
- 2Y LFY

YO 1 J H
i N
unpainted | Ak
3 7 4 T
""" painted | i 9 i
gz | : | s
0/8 B T T H R T
[
pos Thickness=4 cm A & IR
) : .
g Bulk density= 500 Kg/m* | 3 '
' i
32 '
S /61— crR=2:07 ) T
g ' v s X
= [ \
8 ,
i
3 I
£ 0/4 ;
E G
.
072 !
0/0 =
50 100 500 1000 5000
frequency (Hz)

lgo cm ¥

PU csscm ¢
Al pig MY

lgo cm ¥

PU csscm ¥

Aloed oy cm ¥

140 . ;
””” painted ik
¢ | y
0/8 - — = -
\
- Thickness= 2 cm | %
O e
s Bulk density= 500 Kg/m* i ‘\ /
5 . O G W
£ /6 77 cFR=2: 095 7 Y
3 ] / |
3 7 |
s \
z 0/4
£ 0/
E \
3 A
b v
\
0/2 T
b
\ b
J o
1 ¥
//7;7::{:; )
0/0 .
50 100 500 1000 5000

[frequency (Hz)

Gl S5y 3l am g L8 WWCP Coxiio (gladiges Gl oy l3ges 10 JSWS

ISs loges jo cdo b cwl atilas sasein 306 YL
G5 )8 s g0 2y aF Cuwl asine 0 F
Sl 4 e S latiged Sty 55 530 Slsa b I5a
o3k crl YL Sl 3 Coo & Sy Slo S 3
el ol 05l o a8 sl ey ol el o0
250948l (29 BB Rl Sl D oo
ol el oals Wlal ps pde Sy G cwlbes 9o
Fier g alie il ody 9 Ol b st sl 36

el 059 192 3]
S eSS
Qi ups 9y 2 Ky 6 ey e

sl Lg}:.oig_fj) 3 o e glodiges WWCP

1160 oG /P s)lad /11€ sl )15 isol § Cauislsgy aslilng

YU il 3 00900t 5o onl alilas badigad 51 G e

30 S g axgl B i 4y mie CFR iolidl oo
el 005 odiges SAA

(backing) iy 4
2 i SOlps e dised 90 ) Sl
Aol e il ez N el 6 I8 Ay Clls au
Yoo (PU) by b e yoblo Jez ¥ oo
(Hged Sy )3 (Sow) aled iy o le oz
alie (6 5a0Y (50 by <l by g pSojll
o0 5 B Jsom o a5 jshiles (F US3) wiad
Sdises oty jo g lTAY Y glgl g oo

=P o5k 0 Sl Li> o yo (59, » WWCP

WYA



e (S3T05T (3T)I5 13 3115 § 303 (slaadlys 336

So9e Ohyz Swslie yr SUb atdls o5 Gl |
bl Jalge 51 (Ko Dlsie 4 )38 oo 3l Slga
il o5g 4y lge (SowsS T o Sloase 135,50
Ceoglin (glylo slge jo 0gd oo aid )3 a5 jo (ol
W oy aly 52l Sgo 55 Sl ol ol
N5 n SR lae wia bl ) olge 4igS
Ol Seglie a5l A (il Jlie 5o aiins
@lpe loss SU g g 9 SRS 0l 4 e
Toe oxS 2k el SG sl 4z )5 g 8lge (g0
30 b Gl sole atuwdly (oplplo al valy> s
1) lao Qdz leddly o 5YL a5 0gd i (glodgase
el 3 (VoY) oS g Sl (FY) S ol
Sl ey U oot asle sl o>
il ez ol sl isls 13 aalllae &0 |,
Di ke caSeyie p e S olS VO LAY 5l anesls
sleails o Ll s oo ialidl 1) oole (pl Sgeo
o)lisd lo Lz eyt n p,S5lS YO I YL
adlllae ol sloazil pli (FF) il aalss als
b el B) Yo slacabis o azadls uls
O 5% 9 it by (3l S B glgel QA2 e
Sl S dlal, YU LuilS ) 2lsel i i by i
Sloses 5 SLI VL 2 51 5L ey ol Yz
Rl 4 ymie Wil oo &S Cesl ST e sladiges 5o
2 ez dgh osle 0l Caaglie 581 g Sl
Sgo 2ix p Fae Jelse oy p 4 85 K00 Slasdlhs
L dged dw ad &y (oojiem 0oz slaoil
caSeyie g e SokS PO 5 00 FO laails
SrSojll 0yg0 pa Voo B Ve cuilS 305k 5o
il b i alpd @l el g aizb 5 13
3PV S B s Syt e SekS 0O
0+ B igl33l aslol b s 5 28l Lial3dl 35,0 )+ o -
(TV) wle 2l oo to 2 0,5 5kS
S glacils caly o Lol pyr g0 Lgas
Sl o, ail o disan oolo 5y 5 GLII Lol
diad 00le g oud Jodxie Jlizle S olml coge

wvq

3 e pSoilail 550 Ioame (ifs, 5y 5l eolisl b
OIS B Fee ©ix ca o slaloges s S
ERCI AP NNSTI N S IR VI
S ol oli ml b (0 JS5) wad awlie
2 el e gile ¥ocwlbs sl aiges o
@ gl e i Glps Sl 4 e YU a5 B
IF dgam e B lS B Lde oo aS gldigS
Vb lopuls 2 5 e ile T diges 0.8l rals
copo aalS /) Sgax iges Sl S5, e
sleosl o a5 cunl Jejo opl ol csslin Qi
S g 3y 6l el Ky ol il

Cdld digad

10 Glodes i SiitwgST Ll dlge Cuwls

ORI (YLT) 0)ls Ll 5l (65508 Sy (6551 RalS
AW ol B os SYsb 4 e adly,s Culbs
2ol Gred &5 0 dales (Sso (555 j5Sms 5 2lo)S
GBSy 2 @3l Sl Culis e il Wilgi o
slegibel 4 azg b.(F) was g |) Qio cypo
A e (5 E 0 g Leys SU g4, (SetwsS|
WS (oo &> Sl Gl B S 4 i
3 Cwelbrs 5 ol dallas bl 4y a9 L (F))
6;“\.&..‘ uBlJ UT ud.‘> u.u].a » ools sl ).»_’L' 9
WWCP SS9y 2 035 ul.a.d.?u 0 N-\F) U‘)&"b F)
o sk B0 4 YO 5l Cwlbrs iuli8l L as wsls L
AN O
5 ooy alllas 5 (V) Whge Gl3 e bE
3 WWCP cales iuldl b s (V91 F) o)) e
Sont YU slo HuilS 18 Cd oy ¢ ol YO 4010

GYYD ooﬁm e uu\.’> w‘].a

(V) o

11€e 0 BB /P 8)laid /11€ sla (5 iyl g Cablagy aslibod



U295 ol gl el oals ool wicen I ylgie
ALY Y 9 V8 Y Ll CFR U gladiges a5 ols oLt
b aiged 4 Comnd 55V Sl Sg0 iz L5 ]
Sag 4 (V) Wogs o 65 5 (V,) 1Y) il CFR
G 85 28,5 am Gl ¥ Jsir el ol
o3k, i (Nl i COlpo s 0 CFR
FB s (geine g CniSy 3550 000 5l Sk
aS O yeo opl 4l Cllbs @ diily ladiged Sigo
VG s I8l e il g0 Cwls o
oad il Sy Pl 4 e A0 &
oo aih o a g Sle ¥ owls o Jg cul
) aiged (nSilee iz ials e o » o SoblS
Sl ails Jlds 4
$9) 2 e D3 iy So 658 s Ll pls 4
> Bilgs oo 45) L3l ] i Y ols mhaw SO
255 o5 el SO e 4 (sl asls kit
5 Logos )l oole (SeiwsST loil, p strss L
Ly jlaksn See slbodls dawss ol Job
S (FY) 0,5 o0 1,8 asdlas 090 Sty sloay
0l gl (55, p 3l el sla s S,
Couw ol (5 e Bl s alols [0 ol ols I8
O e Y S gy opl 5l eolaiwl bl He5 3
1545 358 bl 0SS S gl 5 Wil
Hemple 55ils)) @ and lao DI e Az
oslo i I3l 4 e gy ez 3p5se Sl
D3> copd nl Gl &5 25d o0 pla S S 50
4 azg L (FA) (Oml sbouls,®) adl sl
wd S 13 aY au » (F JS2) ol asdlas glaaisly
Fodge e cile § Jols covin sladigad cuy o
Lo 530 aded pity o Ble ¥ 5 PU pgd e il
3 YL Gla s )8 po aslails lae i selie
diged Cuiy 0,500 gy ol ddlol 5 ,e O -
S Sy lapull B obulr 4 e L

1o BB /P a)laid /11€ sla (5 (ilay g Cublagy aslibod

ohBas g s)has e

S Saz 5 L3 g kil plxadl olx] el
ST15| RVHEPRUVUIN I VIR VR IL SRR SJPP I VRU VIR
Bl s lgie co oole IS gy ol s g0
BER (Binder to Fiber Ratio)  les b don oole a
5 P LA axwgy Sl o g 39 oo Ll
Jbe - (F5) 055 o0 )18 (oy 2 090 oo ol
5 oy 5eelS clao i (V- +3) ), Kan 5 40
3ol as wols 138 axlllas 590 1) g0 diwgy i
0l oolaiwl ded oolo ylaae 4y _ail U ol s p9d
Q) Sglate slads 0 b diged (i cdsllan ol jo 04
85 513 s pSoplail 0j90 @iy dwg (2oys Y I
Ci Sl g p g e (e &5 0D (asiie
O g 15 (T0) alligo (39 YO L plp oo
Seslainl b lae 3l CyjemelS gy o (Y41Y)
Sred loie 4 il (g Ol (bl Sass SUI
Bl Cd 30 5 Jhegh ol gl s S ol
Sz ol aS ols lad 90,5 0l ) sen cole @
5) s iz i Wi 4 SLI Gglate e
S b sladiged )0 (5,0 ¥ - B0+ (uilS 203k
9 WWCP oJgs ol g 0 (F7) sas o g, Fr ¢
CER plea b ooz slaaid) 4 gloww ()9 Comnd
2 odle &5 39d e Do me slayuall 5l (S
Syie by S ol arg HE b
O 0 S NS b 5 (SeessT Sda )
WWCP )5 sladiges 59, 2 oLen 9 (o5l
L85 L8 6.8 e5lwl 0y50 diges ol CFR luide
» ey SU Gl el p il sladiges ()
A (GO0 el o e Vg VD N gaius ¥
2 ¢lp ey 4 CFR .80k a5 ol lis gl
adl sl V) Y g ), A Y AT Y Ll A
dges Sl Liz (g9, » CFR 36 adllas ol jo
5 onl sl a5 lasdlas s (VF) ol oaid oy p
SemosS | i g5 2 1) 55580 Sl 556 lasto
5 b asdlas ol 00,5 )y oz SUI slacy jeelS
@ (o g Glogms Sl adl a8 il oo (VI A) o) Sen

WAo



e (S3T05T (3T)I5 13 3115 § 303 (slaadlys 336

sl sl Clél Sgo Ciz )8 oo aib ool
(Sl lS 5 55 5 458, pegy lS 5l AL Jiliis
slatzle (Jlie o )l Jod JB ol b
23> 5l gl Hsapla sla bl aule gaais
S Bl s Sl S b o
G39aome b sligs 4z )51 dadle digS ol 5,10 )55
LTy omb ol )8 Zlgel ailes o Lol cas o lae i 5o
Pl Sl glodlr 4 o JeS jlawy Cwls
3550 Sladiges iz sl loged saalice L .(OF) suled
s 45 2ol g o O LY (glaJS5) aalllas
5 el SGLL AL gg 3l iy WWCP (o lae G
Voo sl 5:5STs, b gt gl bzl @ apds
b gasais zlael sl 4 lei o |y oauay ol Jdo
cdz Sy ol caws WWCP Corw iz 3
@i glasl (en 4 by sla S )0 5
Lol (i slagSl otz 5o g go ol (omilis)
5l ags baws b)S a 4SSl gl a oo SilSe zlgel
GRSe b B3k 5 adsl gloel (iSon ) (2lye 325k
S %z G WSS ) 252 @Blgyo g a8l rals
Sy 3 g oyl y2 S o Uyl IS uiliel 4o
P ol odd LS4 ;8 S5 pln ye (Bl e
28 Sl (loa Jlads Glsaela Ll Sy o il e
oolidl pls 4y slgn g eo,lo 13 Al slaalrass J>ase
@S oo Sl ) lga 8 S w3l JI glalas o
7 Olgss 50 WWCP (sladiges )3 o5 a0yl
@ l) aiged (ol RS laggyg ;o 25790 Sloe
Ol 090 03l pls 4 (slop pon> g uni e py2 lgae
JB S jead 2lea 13 plaie ]y e g S5
Iy 35 (s 5 Gty 2 Jae s b 5 el S
by yo S8 a0 g s S 2 bl (I
IR S plgion o pl o)l 392y i S
Dz ALk Ol WWCP ol sla S
BRIT3 o KCREER TP L gyl P L gt IS | PR W) e g

Qb oo ams #, 03b

1. Resonance

PAl

f Jgoz 0 a5 jshilen .csl oals YL sla uilS 8
aw ;o YU sl uils 8 SAA Jlade el ouls &3l oo
b=y BB e b s 4 e g laSY >
ol oo alal ol sla wilS 3 50 Lol il 00,55
b a ) @3 oo Sl iged Sy o oY
Sy Sy bt 33 0 55 5 03 il e b
Golge iz ol L8 a5y les )5 slowl i
Iy by, @3> oo ol el WWCP caiy jo
Gl 8 50 Vb Gl o 5l aS WS o ol 3
ool 13,55 2 by

Sl i by bz (Sgo slodlr o5 5o
Syge Lo So (o lad 9, mhaw 50 Slge o L°9‘°‘
S5 oll gliwl) jo gimel STy i 5 o 13 ool
e 1oyl lg atBls (cote ;53U Lo 6 e sl
Al o )3 W 095 g0 gums LS (g pdyo S
slJs opl el S5, WWCP cile aig, o
sl s J2ls j0 X)) olge cuid ade 4y 0l 0
w21t ] 5l 5y abeye iz L (b
odlo (ol 55 5l (pidu el 4 ymie 45 0
Caz (JH al alS b 50 0ghge O3l
5 95 (00 ) d9dge alS e e
CIx (o) p Shx 395 g )0 (V0T +) dllS pes
(Sl n ek lead adgi (Sieals 3l Sy Do
09 Sy sloay e Qi o o Gl ce
g Everest lawgy a5 LS 10 .(0)) wis )5 olaiuwl S,
Sl 00 oald Hlis i Sl 0uls aiigs Pohelmann
I o 0ds oo polie ( o ol (550155, a5
@ axg b g pol> egn 0 (0T) wes e hals
aiges (550l S5, a5 il lgf o b JSi jloges
AL s B s e Qi (g S8l 4y 2
Sy 86 ol i ax ST el ol e Yoo
odtd (o) g WWEP sladiges Sgo i (55, 2
S9) 2 ety Slllas b pol> gl gl Lol el
(OY) sl oo bl o S0 sladl>

11€e 0 BB /P 8)laid /11€ sla (5 iyl g Cablagy aslibod



Lole @Y G 0s2g 500 gow 3l .0 ls WWCP
o8 Zlael Qs (i caty jo pp JEs oole
oy (ol o (52015, amoige I3 1y ol
S55in W sl ilS 3 53 iy s lS el
ol Flwlbed (owyp 3)90 sladiges o o
FY ol 18 00gamme yo |y oo Cd o YL < /Y Y

D2 o &l 5, Y b

Sloyud g i =
50 Jol edinng aslipbl mbs Jol> alas )l

S pole olKails )3 (slad > Eotlagy (puiige 418,
asls o pY 095 dlie cpl Bain sl ool oyl
55 p e Cglee I 93 SaT 5 (108 il e
plsl sln ¥ llyd o5 ld (S psle olasls

atsles dlel Wil ol |, o oyl

REFERENCES

1. Moszynski P. WHO warns noise pollution is a growing
hazard to health in Europe. British Medical Journal
Publishing Group; 2011.

2. Mi H, Liang L-S, Ma H-Y, Zhang Z-H, Qiao J-Y, Zhao
C, et al. Optimization design of the sound absorbing
structure of double-layer porous metal material with
air layer based on genetic algorithm. J Acoust Soc Am.
2023;153(3):1943-54.

3. Wang X, Choy YS, Cheng L. Hybrid noise control in a
duct using a light micro-perforated plate. ] Acoust Soc
Am. 2012;132(6):3778-87.

4. Pardo-Quiles D, Rodriguez-Rodriguez I, Rodriguez J-V,
Campo-Valera M, Juan-Llacer L. Analyzing multiple
acoustic diffraction over a wide barrier using equivalent
knife-edge geometries and Babinet’s principle (L). J
Acoust Soc Am. 2023;153(4):1974-.

5. Kim D, Saravanan V, Kim H, Yuk T, Lee S. Development
of active noise control simulation with virtual controller
based on computational aeroacoustics. ] Acoust Soc Am.
2023;153(5):2789-.

6. Jensen NM, Bacon IC, Sommerfeldt SD. The dependence

of sound radiation on position of acoustic source

1o BB /P a)laid /11€ sla (5 (ilay g Cublagy aslibod

ohBas g s)has e

S5 Al =
ol b s Gas b ol adls
CFR (SIb aidls usles Jolis 5,015 5 adgs
Dl Gileag p Gl S5, g o3l iy Y
a8 S pbxl Gleww - oo SUI Gladn See
iz oSl Lol sl Jdie glosls WWCP el
500yl cals 98T, slaodl a4 o] SwsST
Ot eyd 4 ol (b sla Shy ST ax
slho So U5 Gln ) sloske iz Gl o0 098
S5 esliiul Syge 5 >hb (SuL il L L
WWCP Cio cu s aiails 5 cwlbs 36 ol
o S 5188 gysb el iy [0S &
b ool els Wb o500 b (il gume lade

Al oole lid el S el Lis Cu o uels
YU VY o5l o SBU & Glees Sig Cod &S

Sbdigel Ggo Ll b (6o me Il 4120

in an enclosure. J Acoust Soc Am. 2023;153(3_
supplement):A288-A.

7. Attenborough K, Vér IL. Sound-absorbing materials
and sound absorbers. Noise and vibration control
engineering. 2005;2:215-77.

8. Cao L, Fu Q Si Y, Ding B, Yu J. Porous materials for
sound absorption. Compos Commun. 2018;10:25-35.

9. Arenas JP, Crocker M]J. Recent trends in porous sound-
absorbing materials. Sound Vib. 2010;44(7):12-8.

10. McGinnes C, Kleiner M, Xiang N. An environmental
and economical solution to sound absorption using
straw. ] Acoust Soc Am. 2005;118(3):1869-.

11. Asdrubali E, Schiavoni S, Horoshenkov K. A review of
sustainable materials for acoustic applications. Build
Acoust. 2012;19(4):283-311.

12. Asdrubali E editor Survey on the acoustical properties of
new sustainable materials for noise control. Proceedings
of Euronoise; 2006: European Acoustics Association
Tampere.

13. Mansur ACM, Zanetti A, Barbieri N, Lima KE
Experimental assessment of the sound absorption
coefficient of three natural fibers. ] Acoust Soc Am.

2019;146(4):2868.

WAP



e (S3T05T (3T)I5 13 3115 § 303 (slaadlys 336

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Taiwo EM, Yahya K, Haron Z, editors. Potential of
using natural fiber for building acoustic absorber: A
review. Journal of Physics: Conference Series; 2019: IOP
Publishing.

Khan T, Hameed Sultan MTB, Ariffin AH. The challenges
of natural fiber in manufacturing, material selection, and
technology application: A review. ] Reinf Plast Compos.
2018;37(11):770-9.

Bribian IZ, Capilla AV, Usén AA. Life cycle assessment
of building materials: Comparative analysis of energy
and environmental impacts and evaluation of the
eco-efficiency improvement potential. Build Environ.
2011;46(5):1133-40.

Chavez Thielemann V. Sound absorption control at
low frequencies in the new symphonic concert Hall of
VillaPrado Valladolid. J Acoust Soc Am. 2008;123(5_
Supplement):3200-.

Keus van de Poll M, Carlsson J, Marsh JE, Ljung R,
Odelius J, Schlittmeier SJ, et al. Unmasking the effects of
masking on performance: The potential of multiple-voice
masking in the office environment. J Acoust Soc Am.
2015;138(2):807-16.

Ribeiro RS, Amlani AM, de Conto ], Schwerz BG,
Amarilla RSD, SantAna LH, et al. Acoustical treatment
characterization of a classroom with wood-based
composites. Appl Acoust. 2021;178:107967.

de la Grée GD, Yu Q, Brouwers H, editors. Wood-wool
cement board: potential and challenges. 5th International
Conference on Non-Traditional Cement and Concrete
(NTCC2014), 16-19 June 2014, Brno, Czech Republic;
2014: NOVPRESS.

Fan M, Ndikontar MK, Zhou X, Ngamveng JN.
Cement-bonded composites made from tropical woods:
Compatibility of wood and cement. Constr Build Mater.
2012;36:135-40.

Pereira C, Caldeira Jorge F, Irle M, Ferreira JM.
Characterizing the setting of cement when mixed with
cork, blue gum, or maritime pine, grown in Portugal I:
temperature profiles and compatibility indices. ] Wood
Sci. 2006;52:311-7.

Ahmad Z, Wee L, Fauzi M. Mechanical properties of
wood-wool cement composite board manufactured
using selected Malaysian fast grown timber species. ASM
Sci . 2011;5(1):27-35.

Jafari A, Monazzam MR, Khavanin A, Lashgari M,

WAW

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Ghoreyshi SA. Sound Absorption of Wood-Wool
Cement Absorbers. ] Health Saf Work. 2023;13(1).

Burd A. Acoustic applications of wood wool cement
slabs. Appl Acoust. 1984;17(6):439-51.

Botterman B, de la Grée GD, Hornikx M, Yu Q,
Brouwers H. Modelling and optimization of the sound
absorption of wood-wool cement boards. Appl Acoust.
2018;129:144-54.

Na B, Wang H, Ding T, Lu X. Study on factors affecting
the sound absorption property of magnesia—bonded
wood-wool panel. Wood Res. 2018;63:617-24.

Chang T-Y, Liu C-S, Huang K-H, Chen R-Y, Lai J-S, Bao
B-Y. High-frequency hearing loss, occupational noise
exposure and hypertension: a cross-sectional study in
male workers. Environ Health. 2011;10:1-8.

Abrisham SM, Shafiee M, Sanich MA. Evaluation of
Hearing Status in Employees of Dental Prosthodontics
Laboratories in Yazd. ] Tolooebehdasht. 2020.

Reinhold K, Kalle S, Paju J. Exposure to high or low
frequency noise at workplaces: differences between
assessment, health complaints and implementation of
adequate personal protective equipment. 2014.
Pourzarea G, Attarchi M, Valirad E Mohammadi S.
The effect of simultaneous exposure to organic solvents
and noise on high frequency hearing loss in tire
manufacturing company workers. Occup Med Quart J.
2016;8(2):72-80.

Wei YM, Guang Zhou Y, Tomita B. Hydration behavior
of wood cement-based composite I: evaluation of wood
species effects on compatibility and strength with
ordinary Portland cement. ] Wood Sci. 2000;46:296-302.
Ashori A, Tabarsa T, Azizi K, Mirzabeygi R. Wood-wool
cement board using mixture of eucalypt and poplar. Ind
Crops Prod. 2011;34(1):1146-9.

Aro M, editor Wood strand cement board. 11th
International Inorganic Bonded Fiber Composites
Conference, Madrid, Spain; 2008.

Van Elten G, editor Production of wood wool cement
board and wood strand cement board (eltoboard) on one
plant and applications of the products. 11th International
Inorganic-Bonded Fiber Composites Conference; 2006.
Johansson E. Woodwool slabs: manufacture, properties
and use: Lund University, Lund Centre for Habitat
Studies Lund; 1994.

Simatupang MH, Geimer RL, editors. Inorganic binder

11€e 0 BB /P 8)laid /11€ sla (5 iyl g Cablagy aslibod



38.

39.

40.

41.

42.

43.

44.

for wood composites: feasibility and limitations.
Proceedings of Wood Adhesive Symposium, Forest
Product Resources Society; 1990.

ISO. ISO 10534-2, Acoustics-Determination of sound
absorption coefficient and impedance in impedance
tubes. Part 2 Transfer-function method; 1996.

LimaKE BarbieriN, BarbieriR, Grossl VA. Determination
of the acoustical properties of sisal and coconut fiber
samples based on the flow resistivity experimental
assessment. ] Acoust Soc Am. 2016;140(4):3141-.
Mamtaz H, Fouladi MH, Al-Atabi M, Narayana
Namasivayam S. Acoustic absorption of natural fiber
composites. ] Eng. 2016;2016.

Abd ALRahman L, Raja RI, Rahman RA, Ibrahim Z.
Comparison of acoustic characteristics of date palm
fibre and oil palm fibre. Res J Appl Sci, Eng Tech.
2014;7(8):1656-61.

Taban E, Soltani P, Berardi U, Putra A, Mousavi
SM, Faridan M, et al. Measurement, modeling, and
optimization of sound absorption performance of
Kenaf fibers for building applications. Build Environ.
2020;180:107087.

Xiang H-f, Wang D, Liua H-c, Zhao N, Xu J. Investigation
on sound absorption properties of kapok fibers. Chin J
Polym Sci. 2013;31(3):521-9.

Abdi DD, Monazzam M, Taban E, Putra A, Golbabaei F,

Khadem M. Sound absorption performance of natural

1o BB /P a)laid /11€ sla (5 (ilay g Cublagy aslibod

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

ohBas g s)has e

fiber composite from chrome shave and coftee silver skin.
Appl Acoust. 2021;182:108264.

Mahzan S, Zaidi AA, Ghazali M, Yahya M, Ismail M.
Investigation on sound absorption of rice-husk reinforced
composite. Proceedings of MUCEET. 2009:19-22.

Putra A, Abdullah Y, Efendy H, Farid WM, Ayob MR,
Py MS. Utilizing sugarcane wasted fibers as a sustainable
acoustic absorber. Procedia Eng. 2013;53:632-8.
Bujoreanu C, Nedeff F Benchea M, Agop M.
Experimental and theoretical considerations on sound
absorption performance of waste materials including the
effect of backing plates. Appl Acoust. 2017;119:88-93.
Pieren R. Sound absorption modeling of thin woven
fabrics backed by an air cavity. Text Res J. 2012;82(9):864-
74.

Long M. Architectural acoustics: Elsevier; 2005.
D’Antonio P. Acoustic absorbers and diffusers: theory,
design and application: CRC Press; 2016.

Bozkurt TS, Demirkale SY. The experimental research
of sound absorption in plasters produced with perlite
aggregate and natural hydraulic lime binder. Acoust
Aust. 2020;48:375-93.

Everest FA. Master handbook of acoustics2022.

Mehta M, Johnson ], Rocafort J. Architectural acoustics:
principles and design1999.

Cox T, dAntonio P. Acoustic absorbers and diffusers:

theory, design and application: CRC press; 2016.

WAL



	ABSTRACT
	Keywords

