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ABSTRACT

Introduction: The aim of this study was to investigate the effect of particle size (mesh) on the sound
absorption coefficient of the absorbers made from Arundo Donax reed and to determine the optimal
mesh for sound absorption.

Material and Methods: After crushing the reed stems in 10, 30, 20, 16, and 40 mesh sizes, they were
washed with 5% NaOH. To make the samples 3 and 10 cm in diameter, 10% PVA was used as a binder, and
the impedance of the two-channel tube was used according to ISO 10534-2 standard to determine the
absorption coefficient. 22 samples of meshes 16 and 20 were made to achieve the optimal mesh based
on the optimized RSM method, and the SAA index was used to compare the samples and determine the
optimal mesh.

Results: The highest absorption peak was related to meshes 16 and 20 at the frequency of 2500 Hz,
which is 0.94 and 0.98 ,respectively. The effect of increasing the thickness and density on the absorption
coefficient is evident. The results have shown the effect of increasing the thickness and density on the
absorption coefficient in mesh 20 in such a way that by increasing the density from 150 to 250 and the
thickness from 10 to 30 mm, the absorption coefficient has increased from 35 to 63.5%. The optimal
sample was mesh 20 with a thickness of 30 and a density of 250 kg/m3, which had the highest average
absorption (SAA=0.57). The greater distance between the real and imaginary parts of the impedance
shows the reactivity of the sample. In mesh 16 this distance is greater, as a result, mesh 16 has more
reactivity and correspondingly less absorption.

Conclusion: The role of particle mesh as one of the important and influencing parameters on absorption
coefficient has been investigated in this study.
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1. INTRODUCTION

One of the technical and engineering methods
involves the use of sound-absorbing materials
(natural or synthetic) to control sound in work
environments. Over the past two decades, natural-
based fibers such as date palm fibers, kenaf, and rice
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husk granules have replaced artificial absorbents
due to their cost-effectiveness and environmental
friendliness.

Among different reed species, the Arundo
donax variety possesses woody and robust stems
with thick knots and hollow internodes in marshes,
estuaries, and alongside river and lake banks. It
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typically grows at altitudes ranging from 0 to 1200
meters above sea level. Chilekwa et al. (2006) first
explored the acoustic properties of stem during
the Hollywood Project activities. Trematerra et al.
(2013) found that in samples prepared with 4 cm
reed pieces, the peak absorption at 700 and 1,300
Hz was 0.7 and 0.75, respectively. In subsequent
research, the impact of mesh on the sound
absorption coefficient has been considered. Thus,
the current research aims to create an absorber,
determine the sound absorption coefficient in
different bulk thicknesses and densities based on
particle mesh, and ultimately select the best mesh
as the optimal sample.

2. MATERIAL AND METHODS
Preparation, Creation, and Determination of the
Absorption Coefficient of Samples for Optimal
Selection

The stems of Arundo donax reed were ground
into smaller fragments using a grinder. These were
sieved using 10, 20, 16, 30, and 40 mesh sieves (2,
1.19, 0.841, 0.595 and 0.4 mm, respectively) and
subsequently rinsed with 5% NaOH. After drying
to the desired amount, based on the density of 150
kg/m? and thickness of 4 cm, they were combined
with 10% polyvinyl alcohol (PVA) as a binder. The
samples were formed into diameters of 100 and 30
mm. The absorption coefficient for each sample
was determined using the two-channel impedance
tube model B & K, following the transfer function
method of ISO standard 10534-2, over a frequency
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range of 50-6,300 Hz. After calibrating the
microphones, measurements were performed
under standard conditions (relative humidity
at 45%, temperature at 25°C, and atmospheric
pressure of 101,325 Pascal). The optimal samples
were selected based on the maximum absorption
peak and frequency range.

Making and Determining the Absorption Coefficient
of Optimal Samples

Two of the five investigated meshes with
closely aligned absorption averages were selected
for further analysis. The number of samples was
determined using the response surface method
(RSM) with thickness and density as variables
to identify the optimal mesh from these two
candidates. Accordingly, 22 samples under
identical conditions were produced. The samples’
sound absorption average (SAA) was calculated
according to the ASTM-C 423 standard at 12
frequencies of one-third of the eco band, serving
as a precise metric for more accurate selection and
comparison.

3. RESULTS AND DISCUSSION
Absorption Coefficients of Samples

Among meshes 10, 16, 20, 30, and 40, the
highest absorption peaks were observed in meshes
16 and 20 at a frequency of 2500 Hz, registering
at 0.94 and 0.98, respectively (Fig. 1). Meshes 16
and 20 accounted for 47% and 56% of the average
absorption coefficient (SAA), respectively (fig.1).
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Fig. 1: Absorption coefficient of five meshes with the same thickness and density.
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Therefore, a comparison of the absorption peaks of
meshes 16 and 20 indicates that mesh 20 is more
efficient in the mid-frequency range.

Absorption Coefficient and Impedance of Mesh
Samples 16 and 20

Given the superior SAA index in meshes 16
and 20 compared to other meshes, and following
the optimized RSM, 22 samples in three densities
of 150, 200, and 250 kg/m’ and thicknesses of 20,
10, and 30 mm were produced, and examined
with specific repeatability. Findings revealed that
increasing thickness and density in mesh 20 caused
the absorption coefficient to rise from 35% to
63.5% when density increased from 150 to 250 and
thickness from 10 to 30 mm.

The optimal samples for mesh 16 had a thickness
of 30 and a density of 200 (sample A), while mesh 20
had a thickness of 30 and a density of 250 (sample
B). They registered the highest average absorption

(SAA) of 0.52 and 0.57, respectively. Consequently,
these samples were chosen as optimal for further
comparison, detailed analysis, and final sample
selection (Fig. 2).

Impedance of Samples

For both samples, variations in the real part are
discernible in the 2000-4000 Hz frequency range,
and fluctuations in the imaginary part are evident
between 2500-1600 and 3150-1600 Hz. The real
peak for mesh 16 is approximately 38% higher than
mesh 20 corresponding frequencies. Conversely,
the peak of the imaginary part for mesh 16 is
approximately 60% greater than that of mesh 20,
implying that mesh 16 offers more resistance to
sound waves (Fig. 3).

In this study, mesh 10 exhibits greater absorption
than 40 and less than mesh 30. Meshes 16 and 20
demonstrate superior absorption with particle
sizes larger than meshes 30 and 40 but smaller than
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Fig. 2: Comparison of absorption of mesh 16 and 20
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Fig. 3: The real and imaginary parts of impedance mesh 16 and 20
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mesh 10. Hachit et al., while examining bagasse
fibers, noted that the smallest fiber size exhibits the
highest absorption performance, aligning with the
findings of this study. Results indicate that higher
meshes act passively, whereas lower meshes are
reactive. In certain meshes, such as mesh 20, based
on the size of the particles and the thickness of the
sample, there is a shift towards lower frequency.
This suggests that samples derived from reed
particles exhibit selective frequency characteristics.
Dugasa Abdi et al’s 2021 study on chrome shave
and coffee silver composite revealed that with a
thickness of 30 mm, the absorption coefficient
exceeded 0.5 from a frequency of 1000 Hz and
reached 0.95 at 2000 Hz, echoing the findings of
this study. For meshes 20 and 16, with the increase
in thickness and density, the absorption coefficient
rose as well. The enhanced absorption in mesh 20
might be ascribed to its finer particles and their
more uniform arrangement, internally fostering
consistent internal conditions. Due to reduced
viscosity, Mamtaz’s study confirmed that thin fibers
can move with greater ease and enhance absorption.

The real and imaginary values for mesh 16
are higher compared to mesh 20, suggesting

greater resistance to sound waves and increased
reflection of waves in mesh 16 compared to mesh
20, leading to diminished absorption. A wider gap
between the real and imaginary components of
the impedance implies that the sample is reactive.
This gap in sample A (mesh 16) surpasses that in
B (mesh 20), meaning sample A is more reactive
and, consequently, has lesser absorption than
sample B.

4. CONCLUSIONS

In this study, with the increase in thickness and
density, the sound absorption coefficient of the
samples has increased and the range of absorption
has tended towards low frequencies. Mesh 20 with
a thickness of 30 mm and a density of 250 kg/cubic
is introduced as the optimal mesh.

5. ACKNOWLEDGMENT

This work is based upon research funded by
Iran National Science Foundation (INSF) under
project No.4005734.We are thankful to the Faculty
of Health, Tehran University of Medical Sciences
(TUMS) for providing the necessary laboratory
facilities .

499



https://jhsw.tums.ac.ir/article-1-6875-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-18 |

OIW-1E9¢ O3l 11€P 3l /W o)laid /1W sla

Arundo donax (& 43w 1 (SwwsST I Co by T dug) w0 (ot

fw W‘ W ;@.&)Lﬁ ')&} cvoL"U M‘)—j‘ ‘*‘\pb.'bo Lé)..\.o:’u 4‘)5—0&"— ‘5.5.09‘ )-35‘
Ol ol el (S pale olfails widlagy 0aSidls «glad > Cuilags (pwdige 05,5
Oyl cdguin gt S pole olfails alags saSiisls (slad > Clilagy (wdige 05,5 "
Ol ol clante (Sis pole 0aSiiils ciiblogy 008l (gldd > Cullagy owdige 09,5
Q‘J‘“ ‘U‘)Q) ‘(BHRC) 6)LM:)@(.¢ 9 u&m.o ‘o‘) u‘.m ;)4 ss_i:u..djs" cj;\:

VET/ENY o g, b NF T/ KT sl o &, b

oxs =
(Uie) D1y3 o3l 31w dadllas ol 5l Bus il oo lao sladl> SIS j0 cageo Jule D)3 o5lasl idouio

el 0393 10io A (5l Ay o (el g ATundo Donax i 5l oo axs-lus slacdls g G (s

Gl b 00ls gt 0o 3B dgw LT g e Ve VN gl i ;o (10,50 5 5l e S aBll )5 g,
e re et Sl g e Glye 4 plgreds 2oy Ve PVA Gl g e 8l Ve 9 T (slajlad L bsdiges L
Gl Yo 918 ie 5 aiges VY o oolinul ISO 1+ OYF-Y o luibinl 5b dlilfgs il alg) 5 i
alio 6ln (Fpo 032 (2Sle) SAA (a2l g ad aislo RSM hg) (bl e (oo &0 (olitwd
20,8 dwlee Ay (o i g Ldigal

U A 5 IAF i 35,0 YO o uilS 8,0 Y 918 e 4y gy e o oz o (i 1 4Bl
S g calses il 15 saumsylis bt ol Sgpiie rads 4wy dlendls g Culid jialdl
Calbes 5 canSayin 5 p S elS VO 4 V0. slaiudls mol38l L as ol 65e8 ay cl Yo i 0 Gl o0
Dgos el a8l Jol58l Voo e 10 JOV 4 N 519 VF ie 10 JO) 4 Y)Y 5l G oo e L Ve )
NP CRN I TP SRS AICS - SISO JUCRERYI S UpNE e
S VF i 55 003 e L |, digas (581 90ST) e puilinal (6 jlonn 5 ool (gla jiw oy ; aluld (SAA=/BY) ol
)l (68 i ol @it g s 4551, VP oo a0 el pi alols

ol o a8 ail oo zslae i %réﬁ)‘;\fﬁj‘bsw-ﬁﬂébﬁﬁ‘)li}‘élo‘#@ Slyd oo i (6 S Al
o 485 118 sy 3590 dnlllas

Arundo donax . jie o b 48l cd> o ys3S Olals =

esmaeelm@tums.ac.ir 455 Jybums odimm g5 Sy ySI o #

)5 oyl g Calbrlagy aslilins


https://jhsw.tums.ac.ir/article-1-6875-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-18 |

e TAT05T L3l C1Ay Cign Magy dhs onad

JFES )8 (et S5 S0 plgre g Slgol Dix
OFVAN) anled lagy cols Copguors oo

e elie $59995S5 5 Siyaelip &5 bl o
@, 0925 Wily slacale ¢ (55,5laS Sluls o e
Wgdge odiligm 3bj ey Sluls Gl dluje
(sl Sl ey 4 a5 (s 31 (5 b |
ke olge ol 5l eolaiwl paaz s sles iuS Cllas
25 Ve 5 5 oy S35 SUS Ll 5 ol S
plsl lao JyuS ans) 50 Foo slaodly olym
S Lawgi las iz (Y- VY) Putra .(V =) V)adlesls
oS82y Qe e iy adlladl) @ Sluls
wlice ladlae ;o .(VV)oges (5,155 |, YU b lawgie
FomshSV B S 5Vl lS s S lalis SUI
A wisls las 1y < IV B Qi oo

S ol JBg 5 b i LS alox I
9 L yo> dacls o ;o Gl pulpw ;o LS I (65l 5o
© o Olelar )| o Yeore doazl o g dilsog, Jolguw
oLS cnl 9l g Mgy b)yd gl 5l SVL VY- b
raisS o 5l (V USSs) cenl 85l calisee byl b
iz sddls lyls Arundo donax g il
wilee JEg loe,S Gle s 5 55 sloe S L pSomey
Gl Ll 05 00 Dgums Ll 5,0 ogr 45 (1F)
Ol O Daes oo plid 1y ol laslisae asy, Su)b
oS s oo 3l 465 0 58, (Arundo donax) oLS
S e Veogas gl b og o0g Arundo o, o
o @bl ;o g (V)cwl gale plals o sucl,
Jd Jy wger s BB ol 4 YL Gl
52 okS plaim o] Gl S 5l G calis pas
g g0 035 gu

«,3 ey aiile (LS Cdél susms LSid gl
5 OleSe Z3b hlo Loges Doz g S iy Aty
O aw g sl bl 5l g adle Jg ail oo alin
Lo 5 (297 Poym Y ol ond Sus oglae
Sl (S9y0 aY g ey led (Sl Y (GSlw
S mlal s SawgST bl 1 a5 wib e

Qo)

doddo =

el id glo g5 S 5l S (Sge Sl
Ol b aazlge (220 55 )5 slalame jo (lils &5
Wi Wl oo ag2lse cnl B SYsb 5 W)ls)l 8
IR 8 plessly fals S a5 alS (eaen
s o g 9,0 (o S asile olacaw]
ool jekaieay (Mol andls Jlss 4 Iy geas
Gh9y 4, b sl S g Sge (Sl
el (1 :2)ls 0929 (S 0,509, d (cwiige g (SO
(V) Gyo sodl (V5 Gee il (V mlo
| Goo JEl s o Sy claodly I solizal
Ol e 45 3580 Dgme 95 g e slahs,
@iy bl owils) b Jodie slaodl atwsgs 4
a8l (ol olawy gl Jxbene glacdls (Fo,S
il gy Fyo glyel o5 llin aiia L
olowl d8lie yo lga 5 dlge (o Slasl (wiS oo 3,95 5
WjgSamg SISl o 4 (Fge (65 amiiye o9 oo
(D)ogdge Shpfne 5 00l foas Lo)S @ Sl s
Y slouils 5 0 1, o ghio 8 Slae losdls o
S 8o Lavgie 5 Gl Sl S 8,0 Lol wims oo LS
oS als Jee slodle blas ol aws
& omb 5850 (S gliel i sln ((ouily)))
S5l 9 009 W)l e sala Faguis Joles
(V7)) axms oo ol (uiliyy; SlL 1) Feo

5 @lioyd 008 jsb 4 a5 e glacidl>
WL i o 1,8 oolitl 050 Slezslo slo i
il dle (M) aigh oo aSle cgias BLII
sk GBygl Sk p9d o9 SlaSTiadly S iy
ol 9 sl (G asile ead sl pf Clrguie 5 5k
b wile azgs LB slacaje 08, (e oS hagn
Sl g &> 2l 00 polie (b ()L elaa VL
(o3 055 0955 055 5 S o (DS (swgo o]
O oy slaanie 5 (o9 pdice S5 Zuwj pas
bl b gxndb 4L L (BL slge a5 el ool e
Bao b od S sl (ol anse 5 o5 (S alex )l

ISP jaals /W o)laids /1P sla (5 (el g Cublagy asllng


https://jhsw.tums.ac.ir/article-1-6875-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-18 |

ohl5as g ywT srasl s

Arundo donax s s,elb bzl g g, ) S5

Mon- aslllas ;o a5 ol azils Jo8 LB o Slee Q3>
(V0) cel oo o)Ll T 4y (Vo)) Ko 4 tafia
wge oliord 9 (o5 (olo> b e & Qi o Sles
ol e (s o ST slo ol 4 45
Ny 0529 40355555 g > Caglie « )3 a8
ybise o ok RIS s bl il
S L aslie o 3 SeS Ol ojlail b slacdle o
A )0y yiiar 095,55 9 198 Gl Cwglie S5
Ol Caglie (T7:)) 09y dlez yiion 30 Ll l5ee
Ol g )b 2> ol 30 cole Caglio b Slasl a4 lg
oS Zunds BLII a8 50 b aalies a2l 5 g 998 0
i ol Caoglie bl ol b jcSzsS b ol
(Y )y oo el

Sro sLodlr ) » sl plxl Sldlas 251
S reie ol Ggo Cdz p (J Bl et asle
Syg0 yuS Jgo Odz cupd p ie il g edg
S & (TN €555 5 o Skngsy g
Pl eman oz Laie &S glatagy sl
plsl Oy S5e Jelse 5 bodlr g95 cnl (SeimsST
3930 jlewo loil 085S 5 5,5 b anglin ;o el 0ulds
oy Oty il Ban b ol adlls 14
Arundo Dnoax g <l )3 5l Jol> Qi Sge o
o3Il 35U gy g B slaaiuils § acwls o
e DBl g Q3 (g i )l8, oS ()
el 059 A

1€ 1l /W0 a)laidd /1W sla (5 iag) g Cablagy aslibod

S8 sl Sy oo blo pépde aiilioe (Soline
ol SesST olsm ogasr,s Sl Slalllas oo
3 Gt s iegh 4 a5 cwl ead bl cole
(Y ))adl g0
© b ol Gl (Ve #) ) Kan 5 Chilekwa
SesS T (Pl (o 2 Sz D950l 059 (slalad
L) 5 latiges 5l (B 0 Shoeys s Sy il oo
S 4 asols 1,8 dslllas 8,50 ilal gl 51 oolal
b Sogar S BB Sy (5 Ee S0
anlllas o (YY) il il glo b (3lpe 5,530 |
sy S (V210) ol,Sen ¢ Francesco Asdrubali
gl 2 ogee b (slge) (plad Jlle 5 culs L6
R R A R A
Slocalid, g "s et 1y G sgec 502 S
S i 0550 uilael dlod ) eolanul L cuglase
5 <dl Ll Cde oo el Il L s S
Gl 5 s 4y i Sy dlaaY sluws tls3l
W & D3y &5 s 4 Sl S b
29 F» Ve dga ol B 50 iz ey Sbe
lS 5 g i Sy e il 10 Caalies b L3l
ooy (ablae 5 a8l jLslo,s) 3, Yoo sgu>
(YY) o) Ken g Trematerra asfllas guls .(VV) ol
yo il T Olakad 5l oass ags sladises o ols lis
FYer g Ve GulS ) 0 Qi flie Gt oS
(V)05 55 IV 5+ IV i 5 &y &5 a5 ool 039

9 &le Ylgie 4 Wl o ) LS s 0 5l

Q0P


https://jhsw.tums.ac.ir/article-1-6875-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-18 |

o T2Iw0ST O3l CBlw Ciga aizg Ghe puel

oobol  aiged o CSle sl ks 9,50 DS S ey

Sl sl lodigei > oo ot 5 Sl (F
gy slodigas 4yl

2 baiged 5l 9550 Gj9 lanl Bas 4 4z b
@ Samd g w1908 o) Jooa sla el ol
oot bgle 3 ey b 0,5 ol ol pladl el
(VJ52) abgspo slocdl )3 ((aayo) - )'PVA jul L
WDy SISy O g e heale g Ve e slaylad o
s Shad b (Salen Jdoy j95 e slajlas Ll
Sl el 03 g puiliel 5655 S5 sladly)
Oygar ge> 5l om Laiges (L ol ol SaS
A90,5 S MalS 39, ¥ o jo b o 5 o 1,8 il
I olmSs aigas (39 s pSeslail b 5g, o sleilyo
Sezrge Zush) (e ol 5 adsl Slse (455 gseze
Sy e PBlas 4 b ays 5 oo aein

p=M/, M)

(coSeyie pp S5 obS) S J&s = p
(05 okS) oolo o> :M

1. Poly Vinyl Alcohol

Qo

gl uilanel digai

Lo diges (5jlw ool ol 3 ¥ JSCi

B rey =
(S),38 (s Lo g 50,5 0,5) L;)'L.gaa[a/’()

ol ye eslaiul 9,90 Arundo donax sla S
Ohsisle pliwl o lols o 5 ailsog, s 5l asdlas
Jdolo 7 oga a5 wWiad (yslaer bl b e
4 g5 b .o gy ool s MalSol3T (gliad 1o g oo o0y o
L oplail o ey ol cys adlas Bus 4
Slabad 4 Clew! olKitws lawgs losl codes o po bl
<JF 9100 /ATY ANALY g a ol Jlas slas
Sgus by am al> o 10050l 00ld e caiiil g0 yio oo
S L bgenl &5 18 sal> 3w ,50) 70 (NaOH)
ao s WD pals 5 coSeyin lo p a5 YNY
asds oldlao u.ol.w‘ » (o).uj.nb k_)])u.l ‘_J.‘.a \- ST
&AL oy gl «(5)lgenl 5 (995mg S (slao i
$9)9% 2 So Ty e ils W S oo el 3 ],
Sz (THab oo (lBl lae Qi Gliee 4o
eV (PVA)USI s b 5 s goian
, (g/mol - Sigma-Aldrich 99.000))PVA 4, ;|
bt (3e2 53y p o3eind 2l s oo Ve
30,9000 > Lbgol) lhaz oA sl b
w03l e b aus )8 oolatwl janb lgie 4 (adds

1CeP by /W ayladd /11 sla (5 gisyl § Cublagy aslibnd


https://jhsw.tums.ac.ir/article-1-6875-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-18 |

ohl5as g ywT srasl s

s tiged (Sa5:8 sloyiol o 1) Jso

v+ (Y) V-
v#(\1) V-
Y- (JAY) V0.
Y- (J09) V0.
£-(Jf) V0~

_ Hip —e™® Sk
e/ — Hyy
O aols .ol Toe Soe k = 2nf/c QT L as
55 O akolbs 5 otalejl aigad ol B Y (585 See
el (989,50
L (Z/c) oy Lilowsl Cos g () Jloy il
(T30 )5 dslns 55 Ll

Z 1+R
c 1—-R
an =1— |R|?

lso )3 Sgo Zepw g JBs cis 4 p &S

S5 oaolias Jly on aS conl (S8 4 a3Y s

3 Sye Gipl @i 4 ol a5 cul s ools
Lol lizes cwilS )8 slaaily

Ao slodigad o o p8 Gl 5 Sl (7
5 e latises i s e S| e
O Ol e 3B ol o luwedl (ol
@S5 (@292 (Sl Lo &S e 95 (o) 9550
ul.?w‘ &5‘)’. FUHRW) s_:l?w‘ )y aolol 6‘)-.' Ddgs o2
(2l P Gl @Bl e 90 (e 5l dige Gl
ooliwl L RSM) sl — mhaws (59, 4 ladiges slass
ails g Cuolses i 9o L Design Expert |33l 5!

1€ 1l /W0 a)laidd /1W sla (5 iag) g Cablagy aslibod

f- |
¥ Y
. Y
¥ ¥
¥ o

FEO OB J O RV Y

Ul 5l beaiged 51 Sopp Qi oy e Sl
& g, el (F USE) B &K o alllS o el
Be-FYe e LuilS 5 5 ISO V- OTF-Y o Juslil Ul
Sl SO0 oo poe (Tl ouls oolasl 35,0
Sop 885 18 on )l S aiges 5 oy
o8 4l Sl sl (radee Vo) oyl
Grashes Y) 58555 dgl 5 (5,0 0170 )omly
(5 B PV WL il 3 4l (s pFoslail s
S dodigas imlejl U od eslizul
o2 50 abgrye Ho5l 5 5l eoliiul b e g8y S
o o o503l 5 ool s s MVE g 35,26k )
4,0 YO slos FOL s Cugb o luilinl Lyl
g (YKl VYYD sl Jlad g o5 ile
o= Sprons sblb 5l gpFlr lp 285
ladiges conlial (5,515 Jlais] ales 1 (6,505l
2155 digad o (sl 5k an JBlax o ilejl gl 5o
03l 0eS5 53 0)lig0 5 @) ol 5l Wised ctalesl o sl
0l o35 Ll oy polas .l 0al co 00l I3
o (7)) adlon S5 L aw (2S0lee iges o sl
Al bl p dige sbadiged iodzr o pS s
W3S et (oilS B el g (pde Sy
(H12) o0 oo g0 JUil b 510,800, o
S oo ookl (R) diges Sl oo cpmnd sl p
R)olSail gy (VF) T pudly 5 Sl Slai olsl

1. Chung and Blaser

0ok


https://jhsw.tums.ac.ir/article-1-6875-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-18 |

e 530S T Ldla 1AL Crga aingy G onal

RPCHCIRPRE RV PR SRS T3S

(o0 aing slo 43903) RSM g, Lolsl 5 Y+ 918 e (sl diges olus 1Y Jga

\ -— \

\ — \
-— #¥ #Y
-— A #Y

\ ®Y -

\ #Y -—

5L lgie ay (YOeo-Yee ooV Fee\ VAo
Ay dges OBl g 5 a8 awolie slp cwls
(YY) 2o 5 acule

SAA =\ /\wY.  afi ™

Gl ol id
(5552) iS5 fi
e 2 el SAA
4yl slodisa ol cofpo

L oadsl Gladisalsl SO 0 Qi oo F S
2L Goee Ve AF Y- X F) Solaie sy
PSS V0 I g e Sl b Ly culks

[ALIA)

\#

B
Y.
\#

Y.
Y.
\#

Y.
Y.

Gyl S

¥ J502000,5 s ey Lyl L 05 Y ol
W o e 1S58 (sl gl = o gy elel 2

il by o Vo Cules gl ol sl diged
s b e oo Ve Cualind anSio o o S9keS Ve ¢
Wmndls o e Vo Caalded g anSa i 2 p S 9leS YO -
Slr 38 atie GMiged Sy )5 5lS V0
Ve aiaily o LS b 9oV Cules LV ancuils
2 LS LY s Fcu g aT Ve glaculs
VP e dlge 5l ¥ Jlade agd by 5 aie v
Fohea Vog ) e slayhad ) ladiges Cdlo 4 i Vo g
S ookl b g oladl calizee glacabins 5 anedls |
2 odle b (g pSoill Qi e s il
SAA b dged (Sgo @i (ke dajloged mu,
Ky 5,3 VY 3 ASTM-C $YY s Jaibinl Gubs o'

SAr e BY B —F e YNV Y+ ) wilgliST pgus

1. Sound absorption average

11€eP a0 /W s)laid /1M sla )5 gies) § Cublagy aslilod


https://jhsw.tums.ac.ir/article-1-6875-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-18 |

cayd 5l by o4 Yoo Voo Gl ol o
S 4y |y Jlade (pyiaS g o yident VY 5 < [OF o
Wilools  plais
alols a5 was o HLas Yo g Yo )¢ sla e SAA
9 bl LS LB Ye 91 - lagia LY e
Soym S8 Gl ie 0B 5l Y g Fe o o alols
0N FSZsS) e GRIBIL LS ek S e
Yo sie U aigy cnliboe il G o e (O3
YO il B VE e Ve e 5 a5 (G956 4 3l sl
oanlive (o ,oV e ildl Ve VP i 5l g (gouo )0
5 b e SalS Gl lade Ve i j0 (Jg 0g oo

0wd Ve o & Caond (g0 ,0 A dga Jiulidl Fe e

[EPETR
%

—— )t (i e ) 7 e

ohBes o )ng ssanl ps)

Olis 5, 0 = Yo LuilS )8 05l 40 caSayie
Vo 9)F Glagine a4 bgje lao G 0 5L a0
JAF CSp a aS Sl ooy e YO LS8 s
g Al b Ve e F IS8 50 0l e 1A
Sz S ol b s V8 e bl s
Gy 23 NP e 5l Jml (i8S B 0050e 50
wa.s\;w@;\?%‘wuﬁm.wlmb
03gdte ;O (5 % 8 e Wilg o Vo i 4 wBs o
s ¥ g Ve sla e o ol atily Sl LuilS 8
\-“, L_)’“'A‘)J)'Q Yooo )‘ "QS LSMH[S)S ode.\.?bo )3 f’
S NP 0 V) sl ooy las 1y oYL Gds
Ol |y oy 3550 slogie SAA olie B S

. e Vo Y e

Gioshoo Bt caalies « oxSa oy o5 5k 10+ 2 azils) ailfomty (glo oo i oo iF IS

G
O
VAR
AR

SAA

VAR
VAR

LA

Gioshoo Frs Caalieds ¢ axSia o 0,5 o8 10+ 5 ainils) asl sl wiged SAA jyolie b JS5

1€ 1l /W0 a)laidd /1W sla (5 iag) g Cablagy aslibod

Qo


https://jhsw.tums.ac.ir/article-1-6875-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-18 |

o T2Iw0ST O3l CBlw Ciga aizg Ghe puel

laisls

(VUK Yoy VP e Qi Jbged awslie
Vorrm Vere osgame 5o ol e wms oo oliS
VYO 50 Ve e 50 Gl 00imn, 0B o s
g abbce /AY 5,2 VP 5VF e 054/ F o
SIAE g IR S e B e LuilS 8 0 loasme
VYO g Veer o wmils )8 0 s V8 e .Sl 009
s 5 Iy Selosg jin Ve e ay S Foe
@ ool plas 1) g Qi Y e sla il
SV s 3 Al ieS Gla il 8,0 Koo o)le
1 ol 005V 8 oo 5 yigo T e 0, Sae 55,0 VYO
e 2l 9 4ty Sladises Glaie 4 ;555 sladiges
i bl 5 3.8 lo cwy g duslie

lodigal yuilo!
OlFr LI Jgo i o Sles (wyp 50
IS 0,8 solinal widls xbans il s )

by 1) Fye g bl Slss A
aS cplasdazgi b aws oo lid e FY-FY .- _ils 3

S0 K006 4 uilasl polie 5ya Ve e e 5l saS o
S b il 3 130wl ced alamdle LB Sllugs

ocigas il 5 (k> slogion 2 5, Vool

e Jov

Sy i (SLa(SAA)

Jen
'
V¥ Yy
Y

AR
Y
AN

YAl I

YeYo.

YeoYoo AT

Fe 517 Lo ciliieo slodipad eiliosl 5 oz g 0
VP e )3 SAA (aslh (o9 VL 4 azg b
aw 3V Joazr bl 2 08 slagie 4 Ceni Vo g
Vg cuSorto p p)SsklS VO 9 Vor V00 iy
eie Sy S5 L alea Te 5 Ve Y Culis
BT 1B (o) 2350 diged TV oud
o Amdld g Cwlbs gulEl 5L S o
aS (6558 4 Sl oddline JB YV e 0 Qdx cu o
by Gl xS fe 5oL VO aipndla
A5 ekS YOV ancily o e e Yooy Vel
5 oskes Vo Yo gl s l33l b oty
Gl b oo s o, SolS YN0+ atedls Lo
Cy A @dx o e Yea Vel culs
VF e 5o el adls iol38l e YO 4 Y7 £Y/0
oy g Caalies ol BIL Y e g YO sla il jo
gy VO il o Jgocel adl molidl Qs
NF e 0 Ao dges (bl (pl sl 009 ugSas
Yo o 50 g (A diged) Voo alowdlog Ve Cuoles gllo
A aS bl oo (B 4ged) YO« aiuils o Ve Cuwlbes L
) IOV 5 < 1OY SAA) Gz Sl o yiion oS S

W7 Ui

mY U

Jav oy
AR
YA
I M
Yo VO Yo VO A

(oS yie 2 p S slSanedls - (o (o) Cales

Cales g aindls e (Optimized samples)RSM jog, (bl 2 ¥+ 918 io slo diges SAA olis £ JSo

QoY

11€eP a0 /W s)laid /1M sla )5 gies) § Cublagy aslilod


https://jhsw.tums.ac.ir/article-1-6875-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-18 |

Sa o b
< .

ohBes o )ng ssanl ps)

+"'u:~"
9 o

[ Bees Soer V20

(3 2) 559

.
v
]
SR |
R SR SN
7
A
Y.
.
Yoou Foon Faee Aves Yooo [ Foun Avas
¥ 5,3
(55 ) 5 ) G ’M““i B
O \F e adly i VP e s Slase ks
o ) 7 e il s VF e s e i . P Ve e s
+ e oy Ui * e sl iRy
Yo e adly s Yo Gl s lae iAs

Hiya QPPP (uit6ys 51T RP 5 QV s uiligal Ziw

His bl RP 5 QV i pudlasel Zat

Yo g V8 Gin odlal g5l g (ghnd> i polae A JSS

28l Fyo mae Jlie 07 e Sk Saeglie
Comy =

Jibice asle b 53 Sye (5 I nilSa
2ty JIS G s 4 el o ol o i
1y o] 1 jla 5 08,5 S9i5 oole gelams 4 o] Jilia
Sgus 3l Il Ml a5l e (V) cinay
Sl S dazmy 5 00d Fas 5 5 lgenl (S (S
Sl Wl e oS el oad bl o s i
Tloel some bl ;o 5 0050 Ll (coge (25 4358 ,58
Gl g ds i ) (6 Saeglie (Jgo
Jsb Cond sl O le 4ty 05,65 (T 09l Qi

1€ 1l /W0 a)laidd /1W sla (5 iag) g Cablagy aslibod

=PV ) polisS b s yisu g0 Ol g Bis
(oA JSs) ol oals ools Las(Gi o Ve o -
0d9ue )3 (i (S Dlpdl diged 99,20
RV POUPEIERISEI SRR PR L
YO« o oS, sloosgasme ;o iy 4 Vg VP e
03gdoe gl oo 00y, P -YVDe 4 VP e—
oole Ceaglie oaimoylid 3y Yeooo Fove _SlS 8
oole Ll (Sl aSaBl oo (Sgo Tae s blie 5o
Sl lS B0 V7 e (> iSu Sy bl o
3 bl Voo e 5l 5 ADN 39> abogsye
et PP 8900 5 VPG silme S Sy Blis

e 4 AlgT e 350 90 0 aS BSbie Vo e 5l

QoA


https://jhsw.tums.ac.ir/article-1-6875-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-18 |

e TAT05T L3l C1Ay Cign Magy dhs onad

S (77) el 5L 0,90 digad oole LSy Cules o
O plre 0als plodil Slalllas ol b baojlasl 51 oas jo
yoodle lgn Wl 1) ol Slesren U o a5 o)ls
Al (l)d (S0, aile (6,500 Julse 45 0,3 o5lail
Gt Slallas 4y 5L a5 ols e diged 4355555 5
by oo dine cl 5o

SHA) YU gl e jo a5 wad o ol TS
9 M g 955 Siion ladiged (5SS ojluil L
doe 5551, (S5 @lid olail) 5 slagie 5o
5500 b e 4 Cad Tog Ve slo i 1) L0iiS o
Omed 4 ded 003 p (S g CobB
@3 Gliee o Veee 5l YL lails 8 5 s
LVe e wile b (pan )3 ol (81 4 o,
@ e b dse Culis g Ol)S ojlil 4 az g
S Ol WS (oo S8 > Gl W Ceens
Sl Guils )8 g 5l ol 5l ol sladiges oS
ol a5 Lo (pl 4 anil oo (selective frequency)
Sl jin 0 Qi Sy dedigad Cwlbs g ol
VYO ilS,8 50 Vo i) Sl 0090 Dglisin ccalizo
PV e a0 58 0V 9V e e
(o Y0 uil5 3 0 ¥ e g 50 VPe e 52
ol Jodsiie L3l olge (40,5 Jos ol ol by
aS aisb o1yd oslsl 5l e Wlgs o (VAT F)Ewbes p
oaid lo,lal gabge (! @ ool oy p Olalllas o
el

b BLL (65, (V+1Q) Dasilva aslllas o
ol b S 5 S, atagy Sl 00 4
S VIE a8 S 4o jiedn B ol
P 5L g s Jlw Gl e Qi )yl
Fro o S Slalo SUI sl 5 55,0 A e uilS 3
oy pol> adllas ;o (YY)l 00gs /0 5l iw 35,0
i 599 /) 0 e VYO LS 3,0 Ve e Dl
ey i dnlllae b 45 ol odeas /0 )V F
VY ahd ol b e s Yo e 4o aS (Y- YY)

m Ve S8 de s e <V

-9

Sl e Job 4 digad )3 39250 loe> 5 &y
Slgo ;5 9290 lga (b2 SeusSng Sle S |,
Jodis oole awain ol s g aps oo ylid Sl
(D) adly o o J51s (slsm by 95 9

ateine alizee Sl e cwyp b pols dsllas jo
30 bdises adly g Cules yog ol b a5 wo 5
Fog Ve e lagio Ciz Glie plalesl gl al> e
Sl g8 @ azg b e Vool s (a8 00
O shbie LSl g wS(ood o (atuie W,
BV e 3l gm) @bl oslail 5 i olie Ol s
O Fay b Y e U Ve i 5lcdl lgs cad (Y-
I, Gogno Kgy a5 Wb oo il SAA jlade il )d
1 ol pals of e Yoo e o JguS 0 b
loazo Fo o ;0 9 (+/YV),Jado o iaS 4 SAA s
SLI o3Il 536 byl Sas b WL SLI )
s ojll (n eSS Wsged e Qa2 Gl
asdlas ol o b as (Vasyls ]y ode o, Slas o 5YL
a glen Wl |, B! b Jdo o)l ped ciillas
i anlllas 0 a5 ol Cus badiges 590,38 b,
ol o Py St L 08 bl 5l e
Pl 33 5905 35 il ol slag jl anlllas
Bgos 40 0dz e H0e yeS .l oad colazul
oz Ole e 1V g Ve Gl e 4 s ¥ i
LS w515 ol ojlail ol gS>eS L as 8,8 ol
il Faius Ml 5 yion ol JBs g Cwls o
Gals Dde g 4l (1 Wl Gliee aeis jo wd
IRV

i 03Il (V-1 #) Mamtaz (g g 0 dslllas yo
iz o Slae all sl Ko 5 smtin ol
e e slad el ol Gl b 0ole o 0 las
Jdo cnl ay 0sd oo lao Cd> g o lade iuliél o

OSS o> I @ o) sl i SUILAS

ISP jaals /W o)laids /1P sla (5 (el g Cublagy asllng


https://jhsw.tums.ac.ir/article-1-6875-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-18 |

aledls o o3 i alols 4 len wla |y o Lds
ol 5l S9m pas 5 SIS (109 555 Geizres g (b
Cewdld og o Ve Cand Ve Glinz 0 ol
sie Sy ly 5 Slge b lagel sl
Gl saimolis o) T ks jisu 4 col M lalise
5 Bl o 00le (39,5 (SemasST (55,51 W1 G ybo5l oo
Ko S 3 95500 ooy oobe Tunslio clsie b Logas
aalys lowo G sasmaylis b oplfsjlne (is
L oS adlise oole @y 69,95 5 Sy o S Sl
s uilaal (g 2 b ool o 00le P ulST, (lgie
S 5dee 3,50 )3 6 FGaee DML (g5 o0 D3> S
Syl Cewd 4 i cuyo boawslic o sole i
(lim 3 )i Ao polie Bllae ;08 ez 0 .(F1)
OF (ST ilme (13w b 5 52 (shosle il
Se glosl nlp 50 Gt Swglie oole wBl i
alg> (6reS Cdo dmS joaes o olid g5
e Sime 3y s i polie A S s cudls
CeiS A S ailee i Ve e b anlie 0 V7
Sk g Gee glosl Blie ;o it Cueglie pordo o
5 Adbiee Vo e 4y S VP e 0 el s
diged 500 Djledy bl o Gl (608 iz Az
P Al 5o g i LS, L B L aslie 0 A
S3lme 5 (> (i G Abold 4z e 0Bl oo (5 S
Bged (3,5 Joo 55T oaimolis wdly ity uilogsl
iy alold pl B o4y Ceed A diged o Lol oo
(29:551))5 5 STy IS A diges aeis 5o il o
Bged 4 w558 0dz Gl b caliie g i
5 il A 0 Gl ) DS Jds il oo B
(Superimpose) glgel i Cosli b i 5 4 gjlxe
(Wave cancelation) zlgel jiig cads g A diges ;o
R bl (Al y 05 axg Boaiged o
EBs potde @ O Ay 9 5,0 gae &S

1. Complex number
2. Real part

3. Resistance part

4. Imaginary

5. Reactance

1€ 1l /W0 a)laidd /1W sla (5 iag) g Cablagy aslibod

oh5es g )owT sxanl psl

S5 s 5 B sl S SIS 3
sin el 5 oo ilS B 0S8 Ly
Coldes puiiins 50 4 bt Olalllas o a5 (VY)
) el 00U o)L:)‘ ) o._:&l? »))il.o.c-).g L5]Li’> 9
SE> 5 L o3l b oS g el axlllae
SU g o6 S JHdie ) sbodiged 59,0 5,0
ol s (Ul adllas ;0 008,85 wyp LS,6 atwy
5SS ojlailys BLIL dlge cpl Sge i aS sl
Ghls oS sladigas 59,0 (Y2VY) )l,5Ken 4 eikyte
P arie eSS M )i (e J&s
9 fL?U‘ JMLSL.Q Y”j VO Nee e 6lewl.’>bo
Sre Bl F s sladige o5 Woged i
L oas ol plas 5 Gudow (pl mll ol 5
Olie « (s Syse o Wged o Culs Aulél
009y Y YL sl umslfjs 0dguste 4O ofg A
Sl andS Oldlae gloadl b guen a5 cul
L by oluls SUI Sgo,td; glasdlas s (TA)
lgT50 GBI 5o (xS yio 10 £, 59k SIVO 5 YO) arcusls
L pladiges @bt oo Lol 285 )18 (cw)p 3550
caSeyin p 0 S ohS VWO (JB 5 5o oo DO Caalins
5 Sbe lalS B o I e Dz o Sles o i
(V) wlazsls YL
g Cwls wldl LV 5 Ve e sladiges o
Sz e wwl adl o8l Gl oo iiule
OO S % Olgk Wl [ Ve e 58 s LS
o 500 S 5 0,35 LISy 655 5 0
ouds digad J10 105 efen sl 1l slou) cw aSBlo
S ped a5 cpl g Mamtaz dslllas by a5 ol
WS (oo &5 > (Fye glpel )3 s pd l S,
st @dz Gl o o 0 ALl slml b s
3 o el Lawljor (V0o anlgs 4y 598y y 2l
aS Sl 009y oS g,y ! VO- + WlS )8 V8 i

Ol


https://jhsw.tums.ac.ir/article-1-6875-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-18 |

e TAT05T L3l C1Ay Cign Magy dhs onad

helse 3l o Guilaal (silme it < JAbe
5 (pore fluid) Jlew d8leo ply> A8l Jlas! aislo
5 (sl 18 A8l o Stw¥lsSs g dlgs 35>
Sl b il 5 b Glapovie addllae (pl
Oz 99z W il cillas Sl g i e
i codle (392 gommy o e 4 w3 g LS (Sl 15
55517 gy €99 51 2Ol 9 05 (o0 Joe 55T, &g
Iyl samlice LB uslaal jloges jo a5 aily o
D3l Sy (b il (s 2 b Ol o0 ol s (A
A lie 10 00le Lz 5 Slos 3,50 40 (5,5 uos Sl
(5851 Cawd 3 LA o b
S % s el o Jxlsin slaodlr )
D9 g0 00pd iz (nyeS ol gsj i 0 g i
o8 OV e ln i S VO USS
FAN o5 R 0 Ve e sl g e 1YO
O 2dz polie 4y azgi b o puilS 8 cnl o wiliee
Vslacwbes b olaodly ool 4 Canb oo baiges
5 3 ol slasipns Ly bl axtls jio o 0 s
Cwulbrs b aslllas cpl ;o ow) 5,90 Arundo Donax
9y crl slsladls |y i ol (o yiien yo (LW ¥
Cix 2Uly o8 slacwlns o gl Jol> slaodl>

8l ) Gee gee sl 2V

S A =

b

2 GNEE L b olge culs 5 JISx

A aloj] o Lges Caaglia 5 Jliie oo
ol ol ol Gee i o Slee p conitns
Syo 23 copd (B g wbis Gl L sl
Gl 8 G @y Dl 0S5 il badiges
S e SR s Sl 005 e by
oy IS L g e slayull 5l (S plee
2 el 4858wy 9)90 aallle cpl jo i
! 55 s e G20l L 381 L S s ol
Jolo iy o 1) iz cupe el b alél

oll

Ceoglie a5 Wil o lozge Cugdi g Superimpose
& ol5 B bl (g o5 wms e plis ) (6 i
oMb s 9 Wave cancelation ol 0429 (84,8
i il S 0,0 Ges 4z o A .ol ools &, sl
(B Gg0i)og a2z 5 jien
polie Jolow g laguilaal polie 4 gl
e lgiss o Silme 9 (b slajisu Bl
Ol 5l Qi oo ogad jo Sllug a5 é)F
Sl 5 035 (o0 (59 uilieal (3lme g (i i
ale 3 8l Vansl b il b ol sle fages
58 S yis0 a8 bl oo diged ;0 LuiliST) (slaas]
S Shas st slaodle wles sl i
2970 0 Sy gye B Sl I (AL diged o
slalad o Jso (6550 AWl Ol sy 51 i aigad b
) il 5 e i St W il
@ axg bas S e JB slalad 4 len sl
aily JU S 4 Wlgs e 5 ol lalyial sl
3eols Cend digas Jolo sLad yo (uiligs; iz o2 g
5l 5o ol (Fhognls 39y ooy 5o b
5w K Old g Cde mhaw OIS 5l pam oS
alyel ciS oS by Wil s (glojlail b
b BLITL aglin 5 5 3 b oys5 s 4o il
war 5O Cowl 0l o A0,y (ol 4 glaie K00
wave b ,ilS,8 san ,85 super impose s ,.ilS,8
Iy sl g i o 5 4y aS aasls lesl cancelation
Sl 4 e (Ktwgl 51 S ek 4 bl vals
lsie d a8 uilagel adly s (F))s,ls Ko oobe
G Sl )l ab e Bl 5 (R) Caeglia
Sz il s Caeslie by ghyl I 4 osle Ul
25U s Caglie ol oo Slge 48 el (e
Tl 525 9 495,98 B8l JSCB g ojlsl asile  aelge
X) STy plgre & uilael (3lome i ol o
O5TL 0pud sly oole by oanms lis as ail oo

dlge sl sl Ggo by a4 b o 55 8,8

1. Impedance discontinuity

ISP jaals /W o)laids /1P sla (5 (el g Cublagy asllng


https://jhsw.tums.ac.ir/article-1-6875-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-18 |

10.

11.

w‘owéﬂwgﬁou‘w@))

REFERENCES
Haghighat M, SSE, Amininasab S, Faridan F, Mehrzad
SH, Sheikhmozafari MJ, Taban E. The Impact of Fiber
Size on the Sound Absorption Behavior of Composites
Made from Sugarcane Bagasse Wastes Fibers. ] Nat
Fibers. 2023;20(1):2175760.
AL-Rahman LA, Raja RI, Rahman RA, Ibrahim Z.
Acoustic properties of innovative material from date
palm fibre. Am J Appl Sci. 2021;9(9):1390.
McRae JD, Naguib HE, Atalla N. Mechanical and
acoustic  performance of compression-molded
open-cell  polypropylene foams. Appl Polym.
2010;116(2):1106-1115.
Yilmaz ND, Powell NB, Banks-Lee P, Michielsen S.
Hemp-fiber based nonwoven composites: Effects of
alkalization on sound absorption performance. Fibers
Polym. 2012;13:915-922.
Tang X, ang X. Acoustic energy absorption properties
of fibrous materials: A review. Compos Part A Appl Sci
Manuf. 2017;101:360-380.
Gai XL, Xing T, Li XH, Zhang B, Wang WJ. Sound
absorption of microperforated panel mounted with
helmholtz resonators. Appl Acoust. 2016;114:260-265.
Sakagami K, Morimoto M, Yairi M. A note on
the relationship between the sound absorption by
microperforated panels and panel/membrane-type
absorbers. Appl Acoust. 2009;70:1131-1136.
Fazlin A Khair AP, Mohd Jailani MN and Selamat MZ.
Analysis of sound absorption of hollow tube absorbers.
Int ] Automot Mech Eng (IJAME). 2016;13(2):3492 -
3502.
Taban E, Khavanin A, Ohadi A, Putra A, Jonidi Jafari
A, Faridan M, Soleimanian A.Study on the acoustic
characteristics of natural date palm fibres:Experimental
and  theoretical approaches. Build  Environ.
2019;161(1):106274
Laurent G , Lea S.Sound insulation of lightweight
extensive green roofs. Build Sci. 017;116:130-139
Keyvani S, Monazzam Esmaielpour M, Fasih-Ramandi

FE Ahmadi Asour A, Kolahdouzi M, Hashemi Z.

1€ 1l /W0 a)laidd /1W sla (5 iag) g Cablagy aslibod

ohBes o )qu ssanl ps)

ojlail jo caiils g Culs pogdle asly il S

adlas plio cdl caws lag o> 4 Wb 5 e

12.

13.

14.

15.

16.

17.

18.

19.

20.

Impact of Layout Sequence of the Natural and
Synthetic Adsorbents in Double-Layered Composites
on Improving the Natural Fiber Acoustic Performance
Using the Numerical Finite Element Method. ] Health
Saf Work. 2021;11(3):368-383.

Taban E, Abdi D, Amininasab S. Mathematical and
experimental investigation of sound absorption
behavior of sustainable kenaf fiber at low frequency. Int
] Environ Sci Technol (Tehran). 2021;18(9):2765-2780.
Perdue RE. Arundo donax: source of musical reeds and
industrial cellulose.Econ Bot. 1985;12(4):368-404.
Belakroum R, Gherfi A, Bouchema K, Gharbi A,
Kerboua Y, Kadja M, Lachi M. Hygric buffer and
acoustic absorption of new building insulation
materials based on date palm fibers. J Build Eng.
2017;12:132-139.

Mahzan S, Ahmad Zaidi AM, Ghazali MI, Yahya MN,
Ismail M. Investigation on Sound Absorption of Rice-
Husk Reinforced Composite.Proceedings of MUCEET
2009 Malaysian Technical Universities Conference on
Engineering and Technology June 20-22, 2009, MS
Garden, Kuantan, Pahang, Malaysia.

Tang X,Zhang X,Zhang H,Zhuang X,Yan X . Corn husk
for noise reduction: Robust acoustic absorption and
reduced thickness. Appl Acoust. 2018;134:60-68.

Putra A, Abdullah Y, Efendy H, Mohamad W, Salleh
NL. Biomass from paddy waste fibers as sustainable
acoustic material. Adv Acoust Vib. 2013; ID 605932
Putra A, Abdullah Y, Efendy H, Farid WM, Ayob MR,
Py MS. Utilizing sugarcane wasted fibers as a sustainable
acoustic absorber.Procedia Eng. 2013;53:632-638.

Bell GP . Ecology and management of Arundo donax,
and approaches to riparian habitat restoration in
Southern California.The Nature Conservancy of New
Mexico 1997; 212 E Marcy Street, Suite 200, Santa Fe,
NM 87501 USA.

Saltonstall K, Lambert A, Meyerson A. Genetics and
Reproduction of Common (Phragmites australis) and
Giant Reed (Arundo donax). Invasive Plant Sci Manag.
2010;4(3):495-505.

olp


https://jhsw.tums.ac.ir/article-1-6875-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-06-18 |

e TAT05T L3l C1Ay Cign Magy dhs onad

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Shatalov AA, T, Pereira H. Arundo donax L. reed: New
perspectives for pulping and bleaching: 1.Raw material
characterization. Tappi J. 2001;84(1):1-12.

Chilekwa V, Sieffert G, Egan CA, Oldham D. The
acoustical characteristics of reed configurations.
Acoustic Research Unit, University of Liverpool,
Liverpool, L69 3BX, United Kingdom

Asdrubali E D’Alessandro F Schiavoni S, Mencarelli
N. Sound Absorption Properties of Reed. The 22nd
International Congress on Sound and Vibration. 12-16
July 2015.Italy

Trematerra A, Antonio M, Iannace G. Use of Green
Material for Acoustic Correction inside Rooms. |
Sustain Archit Civ Eng. 2013;4(3).

Jiménez-Espada M, Oldham D. The acoustical
characterization of Hungarian reed for placing in a
novel sustainable noise barrier. 1st EAA-EuroRegio
2010, congress on sound and vibration 15-18 september
2010, slovenia

Seddeq HS. Factors Influencing Acoustic Performance
of Sound Absorptive Materials, Australian Journal of
Basic and Applied Sciences(AJBAB3), 3 (4): 4610-4617.
ISSN 1991-8178

Uno Ingard. “Notes on Sound Absorption Technology,
Poughkeepsie” 1994, NY: Noise Control Foundation.
Amelia Trematerra MA, Gino Iannace.Use of Green
Material for Acoustic Correction inside Rooms. |
Sustain Archit Civ Eng. 2013;3(4):33-38.

Giuseppe Ciaburro GI, Virginia Puyana-Romero
and Amelia Trematerra. A Comparison between
Numerical Simulation Models for the Prediction of
Acoustic Behavior of Giant Reeds Shredded. Appl Sci.
2020;10(19):6881

Mehrzad SH, Samaei SE, Khavanin A. Sugarcane
bagasse waste fibers as novel thermal insulation
and sound-absorbing materials for application in
sustainable buildings. Build Environ. 2022;211:108753.
Samaei SE, Mousavi SM, Khavanin A, Faridan M.
Optimization and sound absorption modeling of
Yucca Gloriosa natural fiber composites. Iran Occup

Health(IOH). 2021;18(1):1-17.

oW

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Chung JYB, Blaser DA. Transfer function method of
measuring in-duct acoustic properties. I. Theory. J
Acoust Soc Am. 1980;68:907-913.

Jayaraman KA. Acoustical Absorptive Properties of
Nonwovens 2005. (A thesis The Graduate Faculty of
North Carolina State University in partial fulfillment of
the requirements for the Degree of Master of Science
Textile Management and Technology Raleigh 2005
Istana B, Batan ML, Sutikno, Khem S, Ubaidillah U,
Yahya LInfluence of Particle Size and Bulk Density on
Sound Absorption Performance of Oil Palm Frond-
Reinforced Composites Particleboard. Polymers.
2023;15(3), 510.

Kino N. Further investigations of empirical
improvements to the Johnson-Champoux- Allard
model. Appl Acoust. 2015;96:153-70.

Mamtaz H, Fouladi MH, Al-Atabi M,Namasivayam
SN.Acoustic Absorption of Natural Fiber Composites.
Review Article. ] Eng. 2016, Article ID5836107,11
Silva CCB da,Terashima FJH,Barbieri N,Lima KF
de.Sound absorption coefficient assessment of sisal,
coconut husk and sugar cane fibers for low frequencies
based on three different methods. Appl Acoust.
2019;156:92-1005.

Deveikytei S, Mazuolis J, VaitiekOnas P. Exprimental
Investigation In To Noise Insulation of Straw and Reed.
Environ Sci Ecotechnol. 2012;4(5):415-422.

Taban E, Soltani P, Berardid U, Abdie DD, Samaei SE.
Use of date palm waste fibers as sound absorption
material. ] Build Eng. 2021;41:102752.

Cox T, dAntonio P. Acoustic absorbers and diffusers:
theory, design and application: Crc Press; 2016.
Sulaeman ME, Dianne A, Abidin AZ. Influence of
Surface Discontinuity on Sound Absorption Coefficient
of Vehicle Interior Material. Mater Sci Eng. 2022;1244
120032021.

Oblak M, Pirnat M. Applications and Limitations of
a Four-Microphone Impedance Tube in the Liquid
Media in the Low-Frequency Range. 2019; INTER-
NOISE and NOISE-CON Congress and Conference
Proceedings, InterNoise 19, Madrid, Spain: 2995-3992.

11€eP a0 /W s)laid /1M sla )5 gies) § Cublagy aslilod


https://jhsw.tums.ac.ir/article-1-6875-fa.html
http://www.tcpdf.org

