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Abstract: The use of absorbent materials such as fibrous
materials is considered as an innovative solution to solve noise
problems. The purpose of this research paper is to study the
acoustic absorption of a new bio-sourced fibrous material called
" Alfafibers', in order to useit asan absorbent material to reduce
reverberation time in the building construction domain (theatre,
cinema, conference room, ...). For that, a set of 36 samples was
designed and prepared for different thicknesses and different
densitiesin order to evaluate the effect of thickness variation and
density variation on sound absorption performance. An
experimental study was carried out to measure the sound
absorption coefficient at normal incidence, using the 1 SO 10534-2
standard method known as two-microphone transfer function
method. All tests were performed in a Kundt tube with a diameter
of 10 cm, in the frequency range (50-1600 Hz). These
measurements show that the absorption coefficient can reach a
value of 0.9 around 1000 Hz. The experimental results clearly
show that sound absorption improves when the thickness of the
samples increases, or when the density increases to an optimal
value of 300Kg/m? from which absorption performance begins to
decrease. At low frequencies, sound absorption can be improved
by creating an air gap between the sample and the rigid bottom.

Keywords: Alfa-Fibers, Thicknesses, Densities, Acoustic
Absorption.

. INTRODUCTION

In recent years, many researchers have been interested in
reducing noise pollution. With scientific research, acoustic
insulation and correction are gradually improving. Acoustic
correction techniques are generally based on the use of
absorbing materials such as porous materials. These materials
are widely used in noise control and can be used either in a
consolidated state or in bulk. As they can also be found in
different morphological forms, three main types are widely
cited: fibrous, granular or cellular [1].
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As for fibrous materias, the field of their use in acoustics is
very wide. Thus, they are found, for example, in the
automotive industry or in aeronautics or in building
congtruction [2]. These fibrous materials are distinguished in
synthetic or natural form. Synthetic materials such as glass
wool, rock wool, polyurethane foam and recycled plastic
foams were used as soundproofing materials. And even if
these materials are not polluting and do not cause global
warming, they are harmful to the health of operators and users
[3]. Current trendsin scientific research are progressing in the
direction of exploring or discovering natural materials as part
of acoustic comfort. These materials, which serve as an
dternative to synthetic materials, are at the heart of
sustainable development In literature, many works on sound
absorption characteristics of natural fibrous materials were
conducted Bamboo fibers [4], tea fibers [5], coconut fibers
[6], sugar cane fibers [7], paddy fibers [8], palm fibers [9],
hemp [10], wood waste [11], rice straw [12], afa or esparto
grass [13]. In the literature, the latter material is known by a
number of names including alfa, apha, Stipa tenacissma.
Thus, this plant exists al year round in the western
Mediterranean region, which isa dry region. And it exists, in
large quantities in Morocco especialy in the steppes of the
eastern region. This plant has a heterogeneous structure, the
smallest parts of which are cellulosic filamentsor fibrils2to 5
mm long and 5 to 10 um in diameter. The fibrils are connected
by hemi-cellulosic fibreswith a diameter of approximately 50
pum. Then the fibers are bound by lignin and pectin, which
results in bundles of fibers bound together. In this work, the
acoustic absorption of this material, in bulk, was studied
experimentally. To do this, the sound absorption coefficient
was determined using an impedance tube, with a diameter of
10 cmand alength of 100 cm, in avertical arrangement. This
absorption coefficient was used to determine the effect of
thickness variation or density variation on the acoustic
behaviour of the material afa. For the study of both effects, a
set of 36 sampleswas manufactured.  Intheliterature several
works have been performed to study the effect of the
thickness on sound absorption of some natural fibrous or
granular materials [13, 14]. Other works concern the effect of
density on the sound absorption of porous materials. Indeed,
for example Castenéde et al. [15], carried out an experimental
and theoretical study on the effect of compression on the
acoustic absorption of fibrous materials. In the same way, we
can cite the experimental work of Khai Hee Or et al. [16].

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijitee.B7592.129219&domain=www.ijitee.org

Sound Absor ption M easur ements of Bio-Sour ced Esparto-Fibres: Effect of the Compression

The authors studied the effect of density on the absorption
coefficient of date palm.

[I. SAMPLESPREPARATION

For the preparation of the samples, we carried out a series of
steps explained below:

Thickmess:
10 cm

Fig. 1.Prepared samplesof esparto-fibers: (A) with onethickness: 6 cm, seven densities: 95 kg/m?, 191 kg/m?, 260 kg/m?,
300 kg/m?®, 350 kg/m?®, 400 kg/m?® and 450 kg/m® and three size: (TS), (MS) & (L S) (B): with different thickness: 2 cm, 4
cm, 6cm, 8cm & 10 cm.

A. Sorting phase

The first task involves sorting the esparto-fibers. Thus, in this
phase we sorted the particles according to the average of their
width to arrive at three classes according to the following
configuration: a class of large size whose width varies in the
interval [2-5] mm with an average of 3 mm, whichisnoted in
the following by (LS), a second class called medium size, its
width varies in the interval [0.5-3.5] mm which gives an
average of 2 mm that is noted by (MS) and at the end a third
class, called of thin size, whose width of the fibers varies in
the interva [0.1-1] mm has an average of 0.5 mm noted by
(TS). This sorting was done manually and with the maximum
possible precaution. A step that should not be overlooked is
the one that preceded the triage. We, therefore , speak of
measuring the widths of the fibers by means of a caliper “Fig.
2.D” Thus, a small quantity was taken from each class which
was measured with this instrument, then, for each of the
classes, itsaverageis noted in arange bounded by aminimum
value and a maximum value.

B. Preparation of the containers

In order to have samplesin awell-defined concept in terms of
symmetrical and regular geometrical shape, we manufactured
aset of containersin acylindrical format of diameter 10 cm.
Each of these containers is made using two sheets of flexible
plastic and transparent (in format A4). These sheets are glued
together to give asingle largely sufficient that isjoined to the
internal surface of a cylindrical gabari hard PVC “Fig. 2.E”
and that sticks by its two free ends to obtain a cylindrical
container transparent opened by its two bases. Once, the

<>

gluing phase is finished, this container is therefore close to
filling.

C. Filling of the esparto-fibersparticles

All This stage presents, compared to the previous ones, afew
difficulties and complications. Thus, the objective was to
prepare from these three classes (LS), (MS) and (TS), a set of
samples distributed in density and thickness table I.
according to the following configuration: seven densities ( 95
kg/m3, 191 kg/m®, 260 kg/m°®, 300 kg/m®, 350 kg/m®, 400
kg/m® and 450 kg/m®) corresponding to five thicknesses (0.02
m, 0.04 m, 0.06 m, 0.08 mand 0.1 m). For agiven sample, the
filling step comes after measuring the mass of the
esparto-fibers using a precision digital scale (1%).

The following step is the filling of the esparto-fibers in the
container so that the volumeisfilled homogeneously. Thus, to
achieve good compaction, two small steel rods similar to the
knitting hooks were used. One has a captivating hook in its
termination for pulling and tightening and the other has a'v'
shaped end for pushing in the opposite direction as it is
present “Fig. 2.E ” This operation was carried out during the
entire filling process. In addition, another complementary
technique is used for large densities higher than 191 kg / m3.
We are talking, therefore, about mechanical compaction,
which is provided by a manual compression system. This
system has been specifically designed and manufactured for
this purpose in the research laboratory. This is a manua
compression tool with athreaded rod “Fig. 2.C”

Fig. 2. Thetoolsused for Samples preparation: compression tool(C), different size of esparto-fibersmeasured by a
Calliper. (D), stedl rodsand Gabari (E).
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Table- I: Distributions of Sample Numbers by Thickness, Size and Density

Classes Average

width (mm)

Density
(Kg/m’)

Number of
samples for
each thickness

Thickness
(cm)

95

191

260

) 05 00

350

400

450

95

191

(MS) 15 260

300

350

400

450

95

191

260

(LS 3 300

350

400

1
1
Rlrlrr|lo] Rrlr|rRr|Rr]|R|o| rrlRr]R]|R|R|o] —

450

- - 1

Number of samplesfor each density

1
1
[Zo1 TR PN S PN P 1O Y N N PN P TR FCY [ TN PN PN P PN Y
1
1

Total number of
samplesis: 36

I11. EXPERIMENTAL SETUP

Once the sample preparation phase is completed. The sound
absorption coefficient is measured at normal incidence. Thus,
in thiswork that was carried out at the "University Center for
Acoustics and Thermal Research” within the Higher School
of Technology of SALE, we have a B&K-type of kundt tube
equipped with two high sensitivity microphones and a
loudspeaker, a white noise generator, a multi-channel data
acquisition card and a computer equipped with acoustic data
processing software. The Kundt tube or impedance tube used,
which has a diameter of 10 cm, is arranged vertically
according to the two-microphone method of 1SO 10534-2:
2001 [17] “Fig. 3” The frequency domain in which the
experimental manipulations were performed is bounded by
the two cutoff frequencies of the kundt tube used at 50 Hz and
1600 Hz.

A. Transfer function and Absor ption coefficient

In the acoustic impedance tube and according to the chosen
frequency range where the plane wave hypothesisis verified,
the sound pressure can be written in this way:

P=P +P, (1)
Where, p; is the pressure incident and p, the pressure
reflected.

p= poej[mt—ku_{ﬁl 4 anej(mt+kux] (2:

Po is the amplitude of the incident pressure o the pulsation.
ko is the wave number and R the reflection coefficient Under
the condition of the termination backing the sample isarigid
termination, One can determine the absorption coefficient of a
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material through the pressure measurements in two positions
pl and p2 located upstream of the sample. The experimental
setup isillustrated in “Fig. 3”.

' sound source

Pi
| |
1 P L ] L p1
oINS - 1S -

____________ 5

sample

e ———~l—

x* rigid termination

|+

)

Fig. 3.Experimental Setup

Thetransfer function between position 1 and position 2 isthen
written:
P2 Po ej(mt+k,;,(l—sj:l 4 Rpu ej(wt—kulj

H = — = . — . - 3
12 P1 pge'l:wt+k°|'l +anejl:mt—kg(l—5‘|] ( )
The reflection coefficient is written by:
Hyp e
R=—— g% 4
a-ikes — Hy, ( )
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With: the distance between the microphone of position 1 and
the surface of the sample.
S: the distance between the two microphones.
Surface impedance Zs, defined as the ratio of sound pressure
to velocity amplitude at the surface of the sample exposed to
acoustic waves, can be expressed as a function of the
reflection coefficient R by the rell atiolg
+

ZS:ZU]_—R

(5)

V. RESULTSAND DISCUTION

A. Effect of thicknness

First, we measured the sound absorption coefficient for five
thicknesses (20mm, 40mm, 60mm, 60mm, 80mm and
100mm) to see the effect of thickness variation on the sound
absorption of the material studied.

“Fig. 4” shows the influence of thickness variation on the
sound absorption behavior of this material. The results show
that as soon as the thickness increases, the sound absorption
of low frequencies is improved. The increase in sample
thicknessresultsin atrandation of the resonance frequency in
the direction of the low frequencies. The absorption
coefficient reaches 0.93 in the frequency 710 Hz for the
thickness 100 mm. This effect of variation of the thickness on
sound absorptionisnot limited only to fibrous materials, but it
isalso valid for other porous materials. Thus, for the case of
granular materials the same behavior can be observed for
perlite, vermiculite, cork and glass beads [14]

1

0.2

- thickness i

0.8
__ N
s |
2
'S N
o6
9 - T=0.02m
= - T=0.04 m
=] - T=0.06 m
S04l T=0.08 m
s L T=01m
@
a N
<< |

Thin size
Density: 191 Kgim3
| 1 1
500 1000 1500

Frequency (Hz)

Fig. 4.Effect of thicknessvariation on the acoustic
absor ption of esparto-fibersfor the class (thin size), the
density 191 kg/m® and the different thickness: T = 0.02m,

T=0.04m, T=0.06m,T =0.08m, T =0.1m

B. Effect of density

Thethreefiguresbelow Fig. 5, Fig. 6 and Fig. 7 correspond to
the size classes (TS), (MS) and (LS) respectively. These
figures show an overlap of curves characterized by different
densities: 95 kg/m3, 191 kg/m?®, 260 kg/m®, 300 kg/m®, 350
kg/m®, 400 kg/m® and 450 kg/m® . The samples are
manufactured in the same volume but it isthe massthat varies.
The thicknessisfixed at 6 cm.

Knowing that density D is defined as the ratio of the mass of
the sampleto its volume, which isthe product of the thickness
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and the surface area of the section.

The work of Castagnéde et al. [15] explored the compression
effect on the acoustic absorption of fibrous materials. To vary
the density, the authors acted on the thickness to vary the
density. But in our case it is the mass that we have varied for
the density variation

In these three figures, for frequencies below 450 Hz, it can be
seen that when changing from a density to a higher density,
the curve corresponding to the higher is placed above the one
that is less high. This is in agreement with the work of
Castagnede et al. [15]. Indeed, the authors showed the same
phenomenon when the sample thickness decreases, i.e. the
density increases. It can be said that the increase in density in
thisfrequency areafavoursthe absorption of low frequencies.
For the frequency range (450, 1000)Hz, in the three figures
Fig. 5, Fig. 6 and Fig. 7, there is an increasing in the
absorption coefficient according to the density until the
density 300 kg/m® where the absorption coefficient start to
regress. The phenomenon can be explained by the
modification in the physical parameters of the material such
as the porosity, the air resigtivity, the tortuosity and
characteristic viscous and thermal |engths.

77
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FLarge size {LS)
Thickness: 6 cm
| Different densities

0.8
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04

Absorption coefficient

D=95 Kg/m3
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D=300 Kg/m3
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Fig. 5.Sound absorption curvefor large-size (LS) of the
esparto-fibers material with seven densities
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Fig. 6.Sound absor ption curvesfor medium-size (M S) of
the esparto-fibers material with seven densities.
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Fig. 7.Sound absor ption curvesfor Thin-size (TS) of the

esparto-fibers material with seven densities.

V. CONCLUSION

In this work measurements of the sound absorption of loose
afa-fibers was achieved in the frequency range (50-1600 Hz)
for different thicknesses, fiber sizes and densities. First, the
measurement was carried out for two purposes: the thickness
effect and the density effect. This study showed that the
increase in thickness has the effect of moving the curves
towards the low frequencies, i.e. the absorption of the low
frequencies is promoted by increasing the thickness. For the
same class and thickness, the increase in density hasthe effect
of moving the first resonance frequency to the low
frequencies with a gradual increase in the absorption
coefficient which reaches the value of 1 for the density of
300kg / m3. From this density the first resonant frequency
continues to evolve towards low frequencies put with a
gradual decrease of the absorption coefficient. It seems that
the value of 300kg / m3 constitutes a transition density for
which the structure of the material skeleton has different
influences on the absorption processes. These observations
are currently undergoing corroboration by inverse technical
and measurements of the non-acoustical parameter of the
samples such as the porosity the tortuosity, the air resistance
and the characteristic viscous and thermal lengths.
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