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Abstract

In the present study, kambala (botanical name: Chlorophora excelsa and
Chlorophora regia) wood wastes were incorporated into stabilized earth
bricks in order to test their acoustic insulation capacity of the walls; leading to
better waste management from the timber industry. Two methods have been
applied to determine the influence of the wood waste content in the stabilized
earth bricks, on the weakening of the level of noise reception coming from
the environmental medium, in an apartment built with composite bricks
(earth + wood chips + cement). This influence has also been analyzed on the
magnetic field induced by these bricks. The results showed that the level of
sound reception through these bricks decreases with increasing wood waste
content regardless of the method used (from 110 dB to 68 dB, respectively for
@, = 0% and @, = 8%). The kambala wood waste in cement-stabilized clay
bricks induces a magnetic field that increases with the wood waste content;
the high contents of the wood chips causing an increase in the magnetic per-
meability of the composite medium. The correlation between the noise level
and the magnetic field of the bricks shows that the noise level declines with
increasing magnetic induction of the bricks.
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1. Introduction

Congo is among the countries which produce wood in Central Africa. The
processing of this wood by industries produces huge amounts of waste that raise
a real management issue. However, wood is one of the materials commonly used
in the building industry for acoustic and thermal insulation of compartments
and music recording studios due to its ability to dampen, or even confine waves.
Thanks to its cellular structure made of microscopic concavities arranged in ar-
ray shown by Boustingorry, Brancheriau and Kellati [1] [2] [3], wood is most
often used in its solid form to ensure proper insulation. These microscopic cavi-
ties serving as channels for the flow of sap through the tree, become cavities
storing air in the case of a dry wood.

Today, several researchers as Khelifi, Taoukil and Tamba [4] [5] [6] showed in
their work that wood can be used in the form of waste (chips and sawdust), in-
corporated at different contents in c/ay bricks (CB). Most of these works are fo-
cused on the impact of wood waste (WW) incorporated in earth blocks on me-
chanical, thermal and acoustic properties of CB as shown by the work of: Ganga,
Salif and Meukam [7] [8] [9] [10] [11]. The air stored by the wood waste em-
bedded in the earth bricks, leads to an increase in the porosity of these compo-
site bricks according to the content of wood waste.

The high noise level coming from an external source or from a neighbouring
compartment is often a source of nuisance or even conflict between families liv-
ing in apartments next to the same building. It can also be the source of certain
diseases in some people; hence the need for insulating walls between two apart-
ments.

As part of this work, we studied the ability of WW incorporated in bricks to
reduce the level of noise reception in a housing, using two (2) different methods.

The purpose of this work was to show that the wood used as waste in compo-
site bricks can provide an acoustic barrier.

Wood waste induces a magnetic field in bricks. We also made a correlation

between this magnetic field and the level of noise reception.

2. Materials and Methods
2.1. Brick Making

Bricks of dimensions: 16 cm x 4 cm x 4 cm were made, according to the propor-
tions of Table 1 and materials below: a metal brick mold (see Figure 1(a)); a
manual concrete press (see Figure 1(b)) with its accessories for compaction; a
KERN KB-type electronic scale (range 10,100 g, d = 0.1 g).

The particle size of dry and untreated kambala wood chips (KWC) used in the
manufacture of composite bricks ranges from 0.5 to 2 mm [5] [8].

The soil dried at 105°C and sieved with AFNOR 34 module sieve (diameter: 2
mm) [12] was also used for making the bricks.

Twenty four (24) bricks per percentage of WWW were produced according to
the following procedure: a sieved clay mass and cement corresponding to the
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Figure 1. Materials for making bricks and presentation of a sample of clay bricks stabi-
lized with 6% cement in which kambala chips are progressively incorporated. (a) Brick
mould [9]; (b) Manual press with concrete; (c) Brick samples [9].

Table 1. Mixture proportions for bricks.

N° Mixture proportions Total
1 12,000 g (94%) ground + 720 g (6%) cement + 0% WW 12,720 g (100%)
2 12,000 g (92%) ground + 720 g (6%) cement + 240 g (2%) WW 12,960 g (100%)
3 12,000 g (90%) ground + 720 g (6%) cement + 480 g (4%) WW 13,200 g (100%)
4 12,000 g (88%) ground + 720 g (6%) cement + 720 g (6%) WW 13,440 g (100%)
5 12,000 g (86%) ground + 720 g (6%) cement + 960 g (8%) WW 13,680 g (100%)

formulation to be manufactured, was taken, weighed and poured into a tray;
then knead with the trowel. Then, a quantity of W corresponding to the same
formulation was taken, weighed, poured into the tank containing the preceding
mixture (clay earth + cement). Then knead again until we obtain a homogene-
ous material. The mixture was gradually moistened with the mixing water, the
percentage (22%) of which was obtained by the Proctor Test according to stan-
dard NF-P 94-093 [13]; then kneads again. The molds (Figure 1(a)) were
loaded; then worn on the press (Figure 1(b)). The compaction was carried out
with a pressure force of 75 KN.

The bricks thus compacted are deposited on the bench of the laboratory
(Figure 1(c)) where they are dried up to 28 days at room temperature (25°C to
27°C) [9].

2.2. Measurement of Acoustic Properties

Two experimental devices were used for sound measurement: the sound level
meter (Figure 2(a)) and the Portable Ultrasonic Non-destructive Digital Indi-
cating Tester (PUNDIT?7) ultrasound device (Figure 2(b)). The measurements
were taken at the physics laboratory of the “National Teacher Training College”,
away from any other sound source that could skew the results.

The length of the bricks was measured using a vernier calliper at 1/50th (0.02
mm accuracy). A Tesla-meter was used to measure the magnetic field induced
by composite bricks.

We measured the sound of a radio transmitter placed 160 mm from the sound
meter in the open air first; then, placed at the same distance (Figure 3(a)), in a
hermetically sealed box, built with stabilized clay bricks (SCB), mixed with KWC
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(®)

Figure 2. Materials for measuring the acoustic properties of bricks. (a) Sonometer; (b)
Apparatus with ultrasound PUNDIT7 [9].

o ——

Figure 3. Measurement of the acoustic properties of bricks. (a) Radio transmitter be-
tween 4 walls; (b) Box in which the radio transmitter is fleeing; (c) Measurement of the
propagation time of the wave.

at different levels, and with a clay mortar (Figure 3(b)) according to standard
NF EN 61672-1 [14].

The speed being the quotient of the length of the specimen on the propagation
time of the sound in the brick [8], we measured the time of travel of the wave in
the brick placed between the two converters of the ultrasonic device PUNDIT7
(see Figure 3(c)) according to standard NF EN 12504-4 [15]. The measurements
were carried out in the laboratory of the Office of Building Control and Public
Works in the abbreviation “BCBTP” in Brazzaville.

2.3. Magnetic Field Measurement

Earth has a geomagnetic field due to the movement of molten rocks within the
Earth’s core; a field whose intensity varies according to where we are on the sur-
face of the earth. The magnetic induction of cement-stabilized clay bricks mixed
with KWC at different grades was measured using a Tesla-meter. The measure-
ment was done by placing the activated device on the brick according to stan-
dard NF EN 62233 [16].

3. Results and Discussion

3.1. Presentation of the Results

Consider a composite material clay + cement + wood. Let @, be the mass
proportion of the clay + cement mixture which constitutes the stabilized mixture
(stabilized clay with 6% cement) and, @, the mass proportion of the wood chips

(WQ) in the clay + cement + wood mixture. By definition, the mass proportion
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of WQ®D, in this composite is given by:

®, =— "t x100 (1)

m,, +m,

where m, and mj,, , are respectively the masses of W(Cand the stabilized mixture
clay + cement. In the same way, the mass proportion of the clay + cement mix-
ture, noted ®,, , in the composite clay + cement + wood is given by:

D, =— 8100 2)

My, T 1y

We study the influence of the WC content on the acoustic properties of com-
posite bricks (clays + cement + wood) according to the following composition
(see Table 2).

To study the effect of adding WC'in the clay + cement mixture, the mixture
B1 containing 0% wood chips is considered as a reference composite.

In order to allow an easy discussion of the results, the measured acoustic
quantities (noise level, sound velocity and magnetic induction) in the composite
containing W(C are standardized with respect to the reference acoustic quanti-
ties, measured in the medium containing 0% of WC.

Call V,, B, and L, respectively the speed of sound, the magnetic induction and
the noise level in the reference composite (clay + cement), and V;, Band L re-
spectively, the speed of sound, the magnetic induction and noise level in the
composite with addition of WC. We define by V/, B and L respectively the
sound velocity, the magnetic induction and the noise level dimensionless

(normed with respect to the acoustic quantities chosen as references) given by:

« V
V —70 (3)
« B
B —B—O (4)
r-L 5)

We discuss in the following, the effect of the addition of WC on these adi-

mensional quantities.

Table 2. Composite bricks in mass and proportion.

Mass composite mixture (g) Mixed mixture in proportion (%)
Studied
mixture Clay + cement Wood chips  Total Proportion of clay Proportion of
(m,, ) (my) mass + cement (g, ) wood chips (D)
Bl 12,720 0 12,720 100 0
B2 12,720 240 12,960 98 2
B3 12,720 480 13,200 96 4
B4 12,720 720 13,440 94 6
B5 12,720 960 13,680 92 8
DOI: 10.4236/0jcm.2020.101002 19 Open Journal of Composite Materials
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3.2. Influence of Wood Chip Content on the Acoustic Properties of
Clay Bricks Stabilized at 6% Cement

Table 3 summarizes the attenuation values of acoustic properties of CB stabi-
lized at 6% cement as a function of KWC content. We took 110 dB reference
noise level and 2194 m/s reference sound speed for the brick without adding
KWwWc.

The sound velocity measured in the reference brick Bl (without the addition
of KWC) is 2194 m/s, which is about 6 times greater than the rate of propagation
of sound in the air. The addition of 8% of KXWC in the reference composite Bl
results in a reduction of this ratio to 4.5 (Z.e. 1560 m/s for brick B5).

Figure 4 shows the variation of the adimensional speed V' of the sound as a
function of the WC content @, . A linear decrease of the speed of sound is ob-
served with the increase in KW<C content.

This linear decrease in the average sound velocity as a function of the increase
in wood fiber content by ultrasonic testing was also reported by Mekhermeche
[17] in the conclusions of his study on composite bricks with date palm fibers.

This linear decay is described by the mathematical model (8):
Vi=Vv, -1,0, (6)

where ¥, is the adimensional speed of sound measured in the reference brick
(clay + cement) without adding KWC (®, =0% ) and [, =0.036 is the atten-
uation coefficient of sound propagation in the brick following the addition of
KWC. Recall that @, is the KWC addition content defined by Equation (1).
The value of the attenuation coefficient 7 is the result of a linear adjustment of
the experimental data made with the Gnuplot software via the Marquardt-Levenberg
method.

o
o)
G

sound, V * (-)

I
N
o

Adimensional speed of

=
o)
o)

T 1

0 2 4 6 8
Wood chip content(%)

Figure 4. Variation in adimensional velocity of sound propagation as a function of KWC

content in clay bricks stabilized at 6% cement.

Table 3. Attenuation values of the acoustic properties of clay bricks stabilized at 6% ce-
ment by adding kambala chips.

. Kambala wood Attenuation of Attenuation of the
Bricks . .
chips content (%) the noise level % speed of sound (%)
B2 2 36 8
B3 4 40 17
B4 6 53 28
B5 8 61 41
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We can define from the relation (7), an optimal content of KWC ©

bopt >
which would lead to a speed of propagation of zero sound in the brick.
V*
(Dbopt = f (7)

This optimum content of KW<C that gives a perfect acoustic insulation is esti-
mated at about 27.56% according to the relation (7) resulting from the predictive
model (6). According to this theoretical model, a KIWC content of about 23%
would make a composite brick that would give a speed of sound propagation
close to that of air.

Figure 5 shows the variation in the noise level generated by a transmitter
source, as a function of the KWC proportion in the CB stabilized at 6% cement.

This curve shows that this level decreases rapidly, then more and more slowly
as the KWC content increases. The addition of 2% KW(C results in an attenua-
tion of approximately 36% of the noise level whereas this attenuation does not
exceed 10% when the KW content varies from 2% to 8% (Table 3). The addi-
tion of KWC in the reference brick (clay + cement) leads to an acoustic insula-
tion that can reduce the noise level up to 62% for the proportions studied (from
110 dB to 68 dB, respectively for ®, = 0% and ©, = 8%).

The decay of the noise level with the increase in KWC content observed in
Figure 5 can be described by the model (8).

L =0.909¢™ %% (8)

The sound attenuation observed in Figure 4 following the addition of KWC
in the composite brick (clay + cement), could be explained by an increase in the
porosity of the medium, induced by the alveolar structure of the wood consisting
of microscopic cavities organized in a network that would trap air [1].

This sound attenuation was also observed by Cérézo [18] who showed in the
conclusions of his thesis work from the Kundt tube test that the absorption coef-
ficient of the sound wave increases with the increase in hemp fiber content.

In the rest of the paper, we propose a correlation between the evolution of the

acoustic properties and the density of CB stabilized at 6% cement.

1.2

le y = 0.909e0:05

N ®
0.4

0.2

Dimensionless noise level, L* (-)

0 2 4 6 8 10
Wood chip content (%)

Figure 5. Variation of the level of noise reception as a function of KWC content in CB
stabilized at 6% cement.
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3.3. Influence of the Wood Chips Content on the Magnetic
Induction of Stabilized Clay Bricks at 6% of Cement Content

Figure 6 shows the influence of KWC content on magnetic induction. Magnetic
induction increases with the addition of KWC. However, a 6% addition of KWC
results in only 1% increase in magnetic induction. For these contents, the incor-
poration of the KWC in the reference brick does not seem to significantly dis-
turb the magnetic field of the medium. However, at 8% of KWC, the magnetic
field disturbance reaches 5.56% compared to the magnetic field of the reference
brick. The increased increase in magnetic induction could be explained by an
increase in the porosity of the brick, induced by the alveolar structure of the in-
troduced wood, consisting of microscopic cavities organized in a network that
would trap air. The increase in pores, created by the addition of wood, leads to
an increase in the magnetic permeability, and therefore in the magnetic induc-

tion.

210 -
208 -
206 -
204 -
202 -+
200 ~ o
198 &—
196 T T T T )
0% 2% 4% 6% 8% 10%
Chips content in [%)]

[1T]

Magnetic induction in

Figure 6. Change in the magnetic induction of stabilized clay bricks at 6% of cement
content depending on the wood chips content.

3.4. Relationship between the Acoustic Properties of Stabilized
Clay Bricks and Their Density

Figure 7 shows the speed of sound propagation and noise level dimensionless as

a function of the density of the bricks.

1 -
0.9 -
0.8 - T
0.7 4 B1
0.6 - T
0.5 - T
04 52 1 1

| B3
0.3 B4 BS
02 -

0.1 -
0 T T T T 1

2.05 2.10 2.15 2.20 2.25 2.30
Density of the composite brick (g/cm?)

the brick (-)

Sound velocity and noise level in

Figure 7. Relationship between the density variation and the acoustic quantities of CB
stabilized at 6% cement and containing KWC. The red curve represents the sound veloci-
ty; the blue curve represents the noise level.
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This figure shows that the speed of sound propagation and the noise level are
inversely proportional to the density of the bricks. The increase in the density of
the bricks with the KWC content leads to an attenuation of the propagation
speed of the sound and the noise level. The speed of sound propagation in bricks
is well correlated with the density of bricks by the power law (9).

s

Po

With p, = 2.07 g/cm’ is the density of the composite brick B1 (without addi-
tion of KWC) and a = 4 + 0.05 is the slope of the power law which reflects the

attenuation rate sound propagation in bricks.

3.5. Relationship between the Noise Level and the Magnetic
Induction of Stabilized Clay Bricks

Figure 8 shows that there is a correlation between magnetic induction and the
level of noise reception through SCB, incorporating KWC. In fact, the level of
noise reception decreases with the increase in the magnetic field of the bricks for

WC contents of less than 6%, whereas it seems to reach an asymptotic regime at

high levels.
120 -
m 100
=
g 804
o 60 - v
2
o 40 -
R
=] i
2 20
0 T T 1
195 200 205 210

Magnetic induction in [uT]

Figure 8. Relationship between the noise level and the magnetic induction of CB stabi-
lized at 6% of cement and with WC.

4. Conclusions and Perspectives

In this paper, the influence of incorporating KW<C into cement-SCB on acoustic
and magnetic properties has been studied experimentally.

We have shown that the addition of KWC'in cement-SCB has a significant in-
fluence on the acoustic properties of these bricks. Indeed, it leads to an attenua-
tion of the level of noise reception and the speed of sound propagation, which
constitutes an interesting alternative for the acoustic insulation of buildings and
could also constitute an economic solution. Two mathematical models have
been proposed to satisfactorily describe the decrease in noise level and sound
propagation velocity in bricks as a function of KW<C content.

The effect of adding KWC in CB on the magnetic properties remains to be
specified. However, we have shown that at low levels (up to 6%), the addition of
KWC has little influence on the magnetic induction compared to the reference
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brick that does not contain WC. This influence tends to become significant at
8% of WC.

Several correlations have been obtained between the acoustic, magnetic and
physical properties of composite bricks. Indeed, the speed of sound propagation
decreases in power law with the increase of the density of the bricks. The level of
noise reception in the bricks decreases with the increase of the magnetic induc-
tion until reaching an asymptotic regime.

The effect of the addition of KWC on the magnetic properties will be the sub-
ject of further study, especially at high levels.
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