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Abstract

An experimental study was carried out on bricks using local materials in order to take into ac-
count the waste wood management to protect the environment and to reduce the cost of the habi-
tat. Chips and sawdust were built-in clay bricks in order to study their influence on the compres-
sive strength, Young’s modulus and the speed for soundproofing. Testings in compressive strength
were made on the parallelepiped clay bricks, stabilized with different percentages of cement, with
incorporation to various percentages of sawdust or wood chips (Mahogany), using a universal
press. Young's modulus was measured from the speed of sound by the ultrasonic method. The re-
sults obtained show that the incorporation of mahogany tree chips in the stabilized brick at 8% of
cement, does not have much effect on the compressive strength. It was found that the incorpora-
tion of chips or sawdust on the clay brick, does not improve the compressive strength. The Young's
modulus decreases with increasing content of sawdust and practically remains constant regard-
less of the content of chips at 4% and 6% of cement. The clay brick mixed with 8% of mahogany
sawdust can be an acoustic barrier.
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1. Introduction

Central Africa is a timber-producing sub-region. Wood industries generate a great quantity of waste woods that
management has serious pollution problems. The use of waste wood in construction can be an alternative for the
protection of the environment. The incorporation of wood waste in building materials has been the subject of
several studies, most of which focused on the influence on the mechanical properties [1]-[3], on the mechanical
properties of concrete. Meukam [4] has shown that stabilized ground bricks, incorporating sawdust present the
better performances as regards to thermal isolation than those used currently in the houses construction. Taoukil et
al. [5] have shown that the incorporation of the waste wood (sawdust or chip) reduces the concrete blocks of
ground. Khelifi [6] has shown that the concretes’ density decreases with the increase in the rate of the shavings;
that the mechanical resistances of the concretes with chip untreated decrease in an important way compared to
the concretes with the treated shaving. Mekhermeche [7] has shown in his study, that the ground bricks with 3%
of wood fibers (date palm) present an improvement of the heat and acoustic insulation of these materials. In this
study, we focus on the comparative study of the influence of the chips and sawdust mahogany content on the
compressive strength. We want to achieve an acoustic barrier to fight against noise using a maximum amount of
wood waste and minimizing the cement content. The choice of mahogany is justified by its extensive use by the
wood which releases huge waste. This study aims at contributing to the reduction of the environment pollution by
the waste wood flarings. Our motivation of this study is based on the fact that we found no reference to previous
work on the recycling of waste mahogany in Central Africa.

2. Materials and Methods
2.1. Identification of Materials

The materials were clay soil, cement, chips and sawdust mahogany and water.

e The earth material used for the manufacture of bricks was made at air atmosphere and various environment
temperature. A mass of 6 kg of clay was used; this mass corresponds to 12 bricks at 3 samples per test and
drying time. Clay used was taken at a depth of 2.5 m, in suburbs located at the south-east of Brazzaville.

e The cement used for stabilization of clay is Portland cement CPA 45 which compressive strength at 28 days is
52 MPa. It consists of the clinker and the gypsum. The chemical composition of the clinker after cooking and
that some gypsum is [8]:

Clinker: Silicate tricalcic (3Ca0O, SiO,) 50% - 65%; Silicate bicalcic (2Ca0O, SiO,) 15% - 25%; Aluminate tri-

calcic (3Ca0, Al,03) 8% - 12%; Alumino ferrite tétracalcic (4Ca0O, Al,Os, Fe,03) 6% - 10%.

Gypsum: (CaS0O4-2H,0).
The compressive strength of concretes, mortars and blocks of stabilized earth is bound to the chemical com-
position of the binder.

e The quantity of industrial waste wood generated in Congo is very important and increase in the near future.
The mahogany chips being a fibrous material the grading distribution of which spreads out between 0.5 and 20
mm [9]; [10] and the sawdust being in the form of small wood fibers of lower size grading in 0.8 mm [5], are
materials lighter than the clay soil material used.

e The water content is determined by the Proctor: 22%.

2.2. Materials Used for the Test Tubes Manufacturing

The experimental device manufacturing test is made up of the following components: a tank, a brick mould
(Figure 1), a wooden device, a screed, a precision scale and a graduated cylinder and water from the BCBTP
drilling, an electronic KERN KB scale type of the (10,100 g, d = 0.1 g) range, a trowel.

2.3. Test of Compressive Strength

The test for determining the compressive strength machine is a universal G.1.M. press brand (General Engineering
Measurement), used according to the NF EN 196-1, the compressive force of 250 kN (Figure 2). It is equipped
with an indicator device which is constructed so that the previous value of the failure of the specimen is shown on
the screen after returning to zero load. This may be achieved by using an indicator of a maximum pressure monitor
or on a digital memory device (computer). The test machine, the charging is controlled manually, is provided with
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Figure 2. Universal press.

a measuring device controlling the loading speed.

2.4. Materials Used for Measuring the Speed of Sound

The experimental device of speed of sound measurement in the brick samples is made up of the following com-
ponents: an ultrasound machine Pundit 7 (Figure 3), two ultrasonic convertors, one set of three cylinders, a ul-
trasound gel plug, and 16 cm x 4 cm x 4 cm small bricks size.

3. Principle of the Method
3.1. Test Tubes Manufacturing

By means of an electronic balance a mass of 6000 g of sieved clay, a mass of cement and a quantity of sawdust
or chips of mahogany (as presented in Table 1) was weighed and poured into the tub of mixture; then by means
of the trowel the mixture was mixed until have in few loan a homogeneous material. The mixture was moistened
with 22% of water (1320 g) and still mixed. The mold was filled in 2/3 with the moistened material and was
placed on the press; then a corresponding pressure chargeable to 75 KN was exercised on the mold. The mold
was removed from the press and before adding the material, the compacted coat was scarified; then we take back
the operation. The cycle was repeated 3 times; and at the end of the third cycle, bricks was turned out and re-
moved.

Bricks are then deposited on the clown of the laboratory where they are dried in the ambient temperature
(Figure 4).

The size of bricks in the wet state are: length 16 cm £ 0.02; width 4 cm + 0.01; height 4 cm + 0.01; and vol-

ume about 256 cm®.
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Figure 3. Pundit ultrasound device.

Figure 4. Brick samples.

Table 1. Mixture proportions for bricks.

% cement Mixture proportions for bricks

94% clay + 4% cement + 2% waste wood
92% clay + 4% cement + 4% waste wood
90% clay + 4% cement + 6% waste wood
88% clay + 4% cement + 8% waste wood
92% clay + 6% cement + 2% waste wood
90% clay + 6% cement + 4% waste wood
88% clay + 6% cement + 6% waste wood
86% clay + 6% cement + 8% waste wood
90% clay + 8% cement + 2% waste wood
88% clay + 8% cement + 4% waste wood
86% clay + 8% cement + 6% waste wood

84% clay + 8% cement + 8% waste wood

3.2. Compressive Strength Measurement

Parallelepiped small bricks (3 samples per test and drying time) (Figure 4) are centered between the plates of the
press and loaded continuously at an average speed of 0.20 MPa/s by a compressive force to crush. Calculating
thereafter the compressive strength, which is the ratio between the compressive stress and the maximum section
and the cross section of the crushed test device:

with
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F
R, =—% 1
© s 1)
Rc: resistance to compression (MPa);
Fc: maximum force pending compression (N);
So: initial area of the cross section of the test device before overwriting (mm?).

3.3. Speed of Sound Measurement

Measuring the speed of sound through the measurement of propagation time of longitudinal wave. The principle
of the experimental method is to generate an aural signal on one face of the sample and measure the propagation
time of the longitudinal waves.

The two ultrasonic convertors are fixed to their support, the first is connected to the output CYLINDER
(TRANS.) and the second output CYLINDER (REFLEC.) of the Pundit 7 device. Is selected the mode “TRANS.”
using the select switch, then one starts the ultrasonic operating. On ultrasound, it adjusts the intensity of the signal
OUTPUT dB, amplification GAIN dB and the THRESHOLD, WIDE and SLOPE settings to be able to measure a
signal propagation delay as large as possible without being overdriven.

Measurements are done in the following way:

- athick gel layer on the ultrasound connection end faces of ultrasonic convertors is applied, then the convertors
on the front part of the brick is pressed firmly;
- time t from start of the transmit pulse at the beginning of the reception pulse is measured;
- itis 3 or 4 bars on the small brick moving converters, then are averaged and the results are set in a chart.
The same action on all small bricks is produced.
After the measurement of time, we determined the speed of sound by the following equation:

Vs @)

where V is the speed of sound (m/s), t time (s), and L is the length of the sample (m).

3.4. Young's Modulus

Young’s modulus is the constant that relates the tensile stress (or compression) and strain for an isotropic elastic
material and is determined by Hooke’s law:

o=E-¢ ®)

where: o is the stress (in units of pressure); E is the Young’s modulus (in units of pressure); ¢ is the relative
elongation or strain (dimensionless) (Figure 5).

The easiest way is to perform a tensile test and knowing the dimensions of the specimen, to deduce the Young’s
modulus E. However, it is difficult to make this measurement with good accuracy.

We can also measure the speed of sound in the material and deduce the Young’s modulus. We have in this study
used the ultrasonic test of measuring the speed of sound in the material to determine the Young’s modulus. Ul-
trasonic testing is a very important non-destructive testing, which allows us to detect both several characteristics
such as delay, the degree of compaction, the cracking rate [2].

o
Rm

Re 0.2
Re

0.2% A €

Figure 5. Stress-strain diagram (Young’s modulus is
determined over the initial linear portion).
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Measurement of Young’s Modulus from the Speed of Sound in a Solid Body
The propagation speed is used in particular for determining the quality of concrete, for a faster propagation means
that the concrete contains few air bubbles (the speed of sound in concrete is much higher than in air).

In a solid, the mechanical speed of the waves depends on p density and constants of elasticity. The speed of
sound is related to the elasticity relations parameters:

c - ’ E(1-v)
' p(l+v)(1-2v)
E

Cs = \/ 2p(1+v)

where E is Young’s modulus, Poisson’s ratio v, p the density, C, speed Cs and the longitudinal wave velocity of the
transverse wave.

4)

4. Results and Discussion

We made bricks at various contents of cement, sawdust and wood chips to study their influence on the mechanical
and acoustic behavior by measuring the speed of sound.

The bricks are made up of parallelepiped shape and dimensions: 16 cm x 4 cm x 4 cm, and were made with
chips and dry sawdust untreated or pre-wet in the following proportions: Table 1.

The earth material used for the manufacture of bricks was steamed at 105°C for 24 h and then crushed and
sieved (sieve module 34). A mass of 6 kg of land taken corresponds to 12 small bricks at 3 samples per test and
drying time.

The water content is determined by the Proctor: 22%.

The experimental results of compressive strength test determined by universal G.1.M. press brand are reported
in Table 2 and Table 3.

4.1. Influence of the Chips Content on the Compressive Strength

Figure 6 shows the compressive strength variation with mahogany chips content at different cement content. The
compressive strength decreases with increasing content of chips to 4% cement; it passes through a minimum of
6% of cement and up to 8%.

4.2. Influence of the Content of the Sawdust on the Compressive Strength

In Figure 7, we have shown the variation of compressive strength with mahogany sawdust content at different
cement contents. At 8% cement, the results show a minimum and a maximum, then a minimum of 4%. We noted

Table 2. Experimental compressive strength of the tested clay brick samples at 28 days.

.

% CM Compressive strength [MPa]
I SD (standard SD (standard SD (standard SD (standard SD (standard
% \\\ 0% deviation) 2% deviation) 4% deviation) 6% deviation) 8% deviation)
4% 9.26 1.712 4.95 0.269 4.18 0.300 3.95 0.622 3.55 0.272
6% 10.42 2.481 4.07 0.556 4.96 0.727 5.48 0.449 5.06 0.447
8% 12.86 0.949 12.62 2216 13.72 0.521 12.35 0.285 11.56 2.947
Table 3. Experimental compressive strength of the tested clay brick samples at 28 days.
% S.M Compressive strength [MPa]
SD (standard SD (standard SD (standard SD (standard SD (standard
% 0% deviation) 2% deviation) 4% deviation) 6% deviation) 8% deviation)
4% 9.26 1.712 431 0.736 4.66 0413 522 0.608 5.16 0.766
6% 10.42 2.481 5.94 0.467 5.05 0.964 5.01 0.595 4.88 1.134
8% 12.86 0.949 12.03 0.910 13.45 0.678 11.63 0.926 8.52 1.845
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Figure 6. Variation in compressive strength as a function of content

chips.
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Figure 7. Change in compressive strength as a function of content
sawdust.

that the compressive strength decreases with increasing the content of sawdust to 6% cement.
The results show that the incorporation of sawdust or shavings mahogany does not improve the compressive
strength. This result is consistent with that reported in the literature [6].

4.3. Study of the Compressive Strength Evolution as Function of Brick Age

We studied the effect of age on the brick compressive strength. We represented the results in Figure 8 and Figure
9. We observe that the compressive strength increases with the age of the brick whatever content chips or sawdust.
This resistance varies very little for mahogany’s chips at 6% cement but exhibits the same behavior for chips and
sawdust to 4% cement.

4.4. Influence of Sawdust and Chips Content on the Young’s Modulus

Table 4 and Table 5 present the values of the Young’s modulus determined by calculation using the following
relation (3):
E(l-v
S e ) B 5)
p(1+v)(1-2v)

We have analyzed the Young’s modulus variations regarding the sawdust and chips’ content.

The obtained results are shown in Figure 10 and Figure 11. These results show that the Young’s modulus
decreases with the increase of the sawdust content and remains virtually constant regardless the chips’ content at

6% cement.
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Figure 8. Variations of strength compressive brick at 8% mahogany
wood chips in accordance with the age of the brick.
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Figure 9. Variations of strength compressive brick at 8% mahogany
sawdust in accordance with the age of the brick.

Table 4. Young’s modulus for clay brick samples stabilized with 4%
cement at 28 days as a function of waste wood mahogany content.

Percentage Young’s modulus at 4% cement [GPa]
[%] Sawdust of mahogany Chips of mahogany
2% 0.253 0.231
4% 0.249 0.195
6% 0.245 0.191
8% 0.217 0.194

Table 5. Young’s modulus for clay brick samples stabilized with 6%
cement at 28 days as a function of waste wood mahogany content.

Percentage Young’s modulus at 4% cement [GPa]
[%] Sawdust of mahogany Chips of mahogany
2% 0.293 0.221
4% 0.231 0.222
6% 0.219 0.224
8% 0.192 0.217

4.5. Influence of Contents and Sawdust Shavings on the Speed of Sound

We have measured the speed of sound for different contents of sawdust and wood chips to determine the vari-
ability effect in the content of mahogany shavings and sawdust on the acoustic properties. Table 6 and Table 7
present the speed of sound of different clay brick samples.

For bricks that the cement content is 6%, the sound velocity shown in Figure 12, is greater for the chips and
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Figure 10. Young’s modulus of 6% cement bricks.
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Figure 11. Young’s modulus of 4% cement bricks.

Table 6. Sound’s speed for clay brick samples stabilized with 4% cement at

28 days.
Percentage Sound’s speed at 4% cement [m/s]
[%] Sawdust of mahogany Chips of mahogany
2% 1786.04 1691.73
4% 1782.78 1592.74
6% 1772.85 1594.14
8% 1706.13 1606.67

Table 7. Sound speed for clay brick samples stabilized with 6% cement at 28

days.
Percentage Sound speed at 6% cement [m/s]
[%] Sawdust of mahogany Chips of mahogany
2% 1890.67 1672.29
4% 1689.60 1695.02
6% 1688.53 1707.84
8% 1601.21 1697.50

passes through a maximum regardless of the chip content higher than 2%.
We also noted a noticeable difference in the speed of sound for contents of 8% in chips and sawdust of ma-

hogany.
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Figure 12. Speed variations of sound in the bricks made up of 6% cement re-

lated to the content of sawdust and wood chips after 28 days.
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Figure 13. Speed variations of sound in the bricks made up of 4% cement re-

lated to the content of sawdust and wood chips after 28 days.

For bricks that the cement’s content is 4% (Figure 13), the situation is reversed.

5. Conclusions

We have studied the effect of the incorporation of the mahogany tree waste on the clay brick and the study has
revealed the following conclusions:
- Incorporation of the wood shavings or sawdust in the clay brick does not improve the compressive strength.
We however note that the compressive strength slightly varies with the content of mahogany chips when the
clay brick is stabilized at 8% with cement;
— The elastic modulus decreases with increasing content of sawdust and remains substantially constant regard-
less of the content of chips at 6% of cement;

— The speed of sound shows up a maximum between 4% and 6% of content in chips or sawdust.

This result reveals a correlation between the amount of wood residues and the acoustic properties of the brick.
Waste wood can be used as an acoustic barrier for high sawdust or chips grades.
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