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Abstract 
This study includes the manufacture of cement stabilized clay bricks with 
embedded mahogany chips. The impact of this waste and its interaction with 
water in the bricks was evaluated on the mechanical properties. The com-
pressive strength tests using a universal press were carried out on bricks with 
and without adding wood chips. The results obtained show that the incorpo-
ration of wood chips into the bricks decreases the compressive strength. This 
reduction in compressive strength led us to conduct an analysis of clay and 
water as intrinsic factors, before and after incorporation of untreated wood 
waste. Thus, a mineralogical analysis of the clay with and without mahogany 
chips was made using an X-ray diffractometer, using an anticathode of cobalt 
with the line Κα, of wavelength λ = 1789Å. After quantification of the mineral 
constituents, it is noted that the concentration of SiO2 decreases considerably 
in the clay with addition of wood chips, resulting in the reduction of the 
compressive strength in these composite materials (from Rc = 9.26 MPa at 
0% of chips to 3.55 MPa at 8%). A mathematical model following the inter-
polations of Lagrange was then proposed. The analysis of the water resulting 
from the impregnation of dry wood chips in the water, shows that the water 
becomes strongly acid (pH = 4.3 at the 7th day of immersion), thus contri-
buting to the reduction of resistance. This analysis of intrinsic factors will al-
low future studies to take into account the treatment of wood waste by dif-
ferent processes in order to increase the mechanical, thermal and acoustic 
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properties of composite bricks with the same contents, thus generating mas-
sive support for the use of its composite materials. 
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1. Introduction 

The destruction of the ozone layer by greenhouse gases has led the scientific 
community to address the issue of reducing the production of its gases. In Cen-
tral Africa, particularly in Congo, wood waste produced by the intense activity of 
the wood industry is destined to be burned, thus polluting the atmosphere. One 
of the many solutions to this problem is the management of this waste by incor-
poration into civil engineering works. Thus the incorporation of wood waste in 
building materials has been the subject of several works. Most of these works, as 
shown by the studies of [1]-[9], focused on the influence of this waste on the 
mechanical, thermal and acoustic properties of earth concretes. It has been 
noted in this work that the incorporation of the chips and sawdust in the blocks 
of cement-stabilized ground, involves a considerable reduction in the mechani-
cal properties of these composite materials compared to the blocks of stabilized 
ground (0% of wood) [10]. This decrease has been interpreted in terms of 
physico-chemical exchanges between wood waste and clay. 

However, there is practically no work on the intrinsic and extrinsic factors 
that lead to the lowering of the mechanical properties of these composite bricks 
[2].  

In this work, we are interested in the investigation of the influence of the mi-
neralogical structure of stabilized earth, before and after the incorporation of 
mahogany wood chips, and the chemical characteristics of water as intrinsic 
factors, on the compressive strength of bricks. The material soil coming predo-
minantly from the physical and chemical deterioration of the rock-mother has to 
a certain extent, the stability of the rocks of origin. Our motivation for this study 
relies on the fact that we did not find any reference on the former research works, 
concerning the influence of intrinsic factors on the mechanical properties of 
bricks. 

2. Materials and Methods Used 
2.1. Mineralogical Analyzes by X-Rays Diffraction (XRD) of the Clay  

Samples 

In this study, we have used the method of diffraction, according to Bragg, in or-
der to carry out the analysis within the laboratory. 

Two methods of investigation by X-rays diffraction have been classically ap-
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plied by the analyses laboratories: 
• The analysis over the full powder has provided the crystalline elements of the 

mixture and a semi-quantification of all current minerals. 
• The analysis of the clay fraction (lower than 2 μm) extracted from materials 

and processed in the shape of directed blades.  
We have chosen the mineral analysis over the full powder, with the objective 

of analyzing the impact of the mineral structure of clay, before and after the in-
corporation of wood shavings related to the resistance of composite bricks. 

The lines diffracted according to the Bragg angle are recorded by a meter of 
the Geiger Müller type, which is placed in order to receive the diffracted rays by 
the sample under the angle 2θ. 

We have also used a beam of X-rays, the line Kα of the cobalt, wavelength λ = 
1789 Å.  

2.1.1. Material and Experimental Conditions  
The essential material used within the laboratory consists of: a crusher, and a 
diffractometer Siemens D5000. 

Bricks with and without shavings have been crushed to obtain a fine powder, 
in the shape of millimetre-length fragments called crystallites. After crushing, a 
sample of powder has been collected and subjected to the analysis by diffracto-
metry of x-rays within a cobalt tube (Figure 1). 

The experimental conditions for this analysis have been: the threshold of de-
tection is about 5%; the sweeping of the angular positions 2θ varies from 4˚ to 
84˚; the scanning rate is 0.02˚ a second; the time of counting of the detector is 5 
seconds per step; the sample turns from 4˚ to 84˚ 2θ; x-rays are generated by a 
cobalt tube (λ Κα1 = 1789 Å).  

2.1.2. Identification Method of the Crystalline Phases  
Generally the identification of a crystallized phase is made by the confrontation 
of the experimental diffractogram with a database of known compounds. 
 Creation of a necessary database 

Three types of software that we had at our disposal, XRD2Dscan; XRDCALC; 
and Match 2! have been considered. The spectra of the phase lines have consti-
tuted our database, by stressing the mineral clay spectra. We know that angular 
positions (related to the reticular distances “d”) and the intensities “I” of the 
various observed lines in a diffractogram have been specific to a known product: 
Montmorillonite, Kaolinite, illite, chlorite, quartz, calcite, anatase, etc. 

Using the software FotoMix, software of assembly, we have initially fixed an-
gles 2θ so that the angular scale is the same one.  

Then, we have proceeded by the superposition of each “spectrum of lines” of 
the database phases to identify the spectrum whose lines go more with certain 
peaks of the experimental diffractogram (Figure 2 and Figure 3). 

After several superpositions, we have observed a coherent fitment between 
certain peaks and certain lines of the phases of kaolinite (in blue), of quartz (in 
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red), of calcite (in green) and the anatase (in move) whose lines go more with 
them.  

 

 
(a) Brick samples                (b) Photo of an X-ray diffractometer 

Figure 1. Sample of stabilized clay bricks to be ground and X-ray diffractometer. 
 

 

Figure 2. XRD2DScan software in use. Red dial on the left represents the mineral list in-
cluded in the software; and the blue dial on the right is the referential diffractogram (λ 
Κα1 = 1789 Å) of Calcite (the lines are in red). 

 

 

Figure 3. Extraction of the “spectrum of lines” (λ Κα1 = 1789 Å) of Al2H4O9Si2 kaolinite 
(see tallying red) in the software Match 2! 
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2.2. Compressive Strength Measurement 

Parallel-piped bricks (160 mm × 40 mm × 40 mm), are centered between the 
plates of a universal press of mark IGM, and are responsible for continuous 
manner at the mean velocity of 0.20 MPa/s by a compressive force until crushing. 
We have calculated thereafter the compressive strength, which is the relationship 
between the maximum compressive force and the cross-section of the crushed 
test-tube: 

Rc Fc
So

=                          (1) 

with:  
- Rc: Compressive strength in (MPa); 
- Fc: Maximum compressive force reached (N); 
- So: Initial surface of the cross-section of the test-tube before crushing (mm2). 

3. Results and Discussion  
3.1. Resistance Test in Compression of Clay-Stabilized Bricks with  

Incorporated Mahogany Wood Shavings 

Figure 4 shows the variation in compressive strength as a function of mahogany 
wood chip content. We observe a decrease in compressive strength of bricks 
with increasing mahogany wood chip content. 

Considering the brick without adding chips (0%) as a reference, we find that 
this decrease is about half less than the compressive strength of the brick with 
the addition of 2% chips (9.26 MPa for brick with 0% chips and 4.95 MPa with 2% 
mahogany chips); then, it is slower as the chip content increases. 

These results are in agreement with those found by: 
- Khelifi and Belouettar which showed in their work, that the mechanical 

resistances of the composite concretes decrease with the increase in the wood 
fiber rate in the concrete [4]. 

- Ganga who has also showed in research works for his doctoral thesis that the 
compactness of composite bricks decreases with the increase in the rate of 
the wood chips; factor which involves the fall of compressive strength [2].  

 

 

Figure 4. Variations in Compressive Strength of clay bricks stabilized at 4% 
of cementas a function of Content Chips. 
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However, it is certain that the reduction in the rate of compactness generated 
by the incorporation of the shavings of wood in bricks would not be the single 
cause of the fall of resistance.  

Indeed, Tamba et al. have shown in their works that the compressive strength 
of these composite bricks can be improved by using the treated shavings [7].  

Ganga et al. have also shown in their study on the analysis of the extrinsic 
factors, that the compressive strength of these composite bricks can be improved 
by using the high-temperature drying [11]. 

Thus, we have directed ourselves towards the analysis of the other intrinsic 
factors.  

3.2. Modeling the Compressive Strength of Composite Bricks  

From experimental laboratory results, we sought to find a mathematical model 
that would approach the experimental compressive strength of bricks.  

3.2.1. Mathematical Formulation of the Problem 
Position of the problem 

Let Rn [x] be the vector space formed by all polynomials of degree less than or 
equal to n. It is well known that Rn [x] has dimension n + 1 and that its canonical 
basis is given by { }21, , , , nx x x .  

Suppose we want to find a polynomial Pn of degree n > 0 which, for values 

0 1 2, , , , nx x x x  distinct data (called interpolation nodes), take the values 

0 1 2, , , , ny y y y  respectively; i.e.: 

( ) for 0n i iP x y i n= ≤ ≤                     (2) 

If such a polynomial exists, it is called an interpolating polynomial or an in-
terpolating polynomial.  

3.2.2. Method of Lagrange  
When we write the polynomial Pn in the canonical basis of Rn [x], the problem is 
to determine the (n + 1) coefficients 0 1, , , na a a ; such as  

( ) 2
0 1 2

n
n nP x a a x a x a x= + + + +                (3) 

We wonder whether there exists another base { }0 1, , , nL L L  of Rn [x] such 
that the polynomial Pn is written:  

( ) ( ) ( ) ( )0 0 1 1n n nP x y L x y L x y L x= + + +             (4) 

in other words, if there exists a base such that the coordinates of the polynomial 
in this base are anything else only the known values 0 1, , , ny y y . 

To find such a base, let us start by imposing the passage of the polynomial by 
(n + 1) given points: the (n + 1) relations impose the condition:  

( )
1 if for 0 ,
0 elseiL

i i j
x

j n= ≤ ≤
= 


                (5) 

which give 
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( ) 0,
j

j ii j
n

i j

x x
x x

L x
= ≠

−

−
=∏                     (6) 

Clearly, the numerator of Li(x) is a product of n terms (x − xj) with i ≠ j and is 
therefore a polynomial of degree n. 

3.2.3. Theorem: Interpolation of Lagrange 
Given (n + 1) distinct points, 0 1, , , nx x x  and n + 1 corresponding values, 

0 1, , , ny y y , there exists a single polynomial [ ]n nP R x∈  such that ( )n i iP x y=  
for 0, ,i n=   that we can write in the form:  

( ) ( ) [ ]0
n

n i i niP x y L x R x
=

= ∈∑  where ( ) 0,
j

j ii j
n

i j

x x
x x

L x
= ≠

−

−
=∏        (7) 

This relation is called the Lagrange interpolation formula and the Li(x) poly-
nomials are the characteristic Lagrange polynomials.  

So, for n = 4 we have 

( ) ( ) ( ) ( ) ( ) ( ) ( )4
4 0 0 1 1 2 2 3 3 4 40 i iiP x y L x y L x y L x y L x y L x y L x

=
= = + + + +∑  (8) 

with 

( )

( )

( )

( )

( )

4 3 2

0

4 3 2

1

4 3 2

2

4 3 2

3

4 3 2

4

20 140 400 384
384

18 104 192
96

16 76 96
64

14 56 64
96

12 44 48
384

x x x xL x

x x x xL x

x x x xL x

x x x xL x

x x x xL x

 − + − +
=


 − + − +

=

 − + −

=

 − + − +

=

 − + −

=


                (9) 

Thus the mathematical model that approaches the experimental results of the 
compressive strength of composite bricks is described by the interpolation po-
lynomial P(x), and is represented in Figure 5. 

 

 

Figure 5. Numerical and experimental variation in compressive strength of clay 
bricks stabilized at 4% of cement as a function of Content Chips. 
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Thus the mathematical model which approaches the experimental results of 
resistance in compression of composite bricks is described by the polynomial of 
interpolation P(x), and is represented by Figure 4. 

( ) 4 3 20.006 0.134 1.079 3.826 9.26P x x x x x= − + − +           (10) 

3.3. Study by X-Rays of the Structure of Soil 

In order to determine the structure of clay, we have carried out a mineralogical 
analysis by X-rays of the clay sample before and after the incorporation of the 
wood shavings; the anticathode used being made of cobalt, with the line Kα of 
wavelength λ = 1789 Å.  

3.3.1. Clay without Shavings 
The analysis results of the clay sample have given the diagram of diffraction pre-
sented on Figure 6. We have used the FotoMix software to identify the various 
peaks which appear. The diffractogram obtained has shown the presence of:  
- kaolinite (noted K), formula: Al2H4Si2O9; 
- Quartz alpha (noted Q), formula SiO2.  

The threshold of detection is about 5%. The x-axis has been represented by 
the angle of diffraction 2θ (in ˚), and the y-axis has been represented to by the 
intensity of diffraction (in blows “Cp·s−1”). The sweeping on this diagram goes 
from 2˚ to 60˚ and the intensity varies from 0 to 750 blows a second.  

3.3.2. Clay after Incorporation of the Wood Waste of Mahogany Tree  
(4%)  

The results obtained are presented on Figure 7. 
The identified phases are: quartz alpha (noted Q) of formula SiO2; kaolinite 

1A (noted K) of formula Al2(Si2O5)(OH)4; calcite traces (noted C) of formula 
CaCO3 and anatase (noted A) of formula TiO2.  

The marks of calcite and anatase are due to the presence of cement in the 
mixture of clay, cement and wood shavings.  

 

 

Figure 6. Diffractogram of the rough clay sample with λ (Kα line of cobalt) = 1789 Å.  
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Figure 7. Diffractogram of clay-polycristallined powder mixed with the mahogany tree 
shavings (λ Kα1 = 1789 Å).  

3.3.3. Quantification of the Identified Mineral Phases 
The estimates of the concentration of the mineral components can be obtained 
by using the method of “Peak-height Ratio” and only give indications on the 
contents. Through this method, the vertical distance between the apex of each 
interested peak and the basic line are measured and multiplied by the corrective 
corresponding factor. The results of each multiplication are then added up for 
various identified minerals; their respective rates about the material are ascer-
tained afterwards according to a simple rule of three and are shown up as follows 
(Table 1):  

By comparing the concentrations of the mineral components of clay before 
and after the incorporation of wood waste, we have ascertained that: 

1) The concentration of SiO2 (of quartz) in clay without shavings (68.32%), is 
higher than that of clay with incorporation of the mahogany tree shavings 
(58.21%). Yet, the high content in silica demonstrates the acidity of the rock; 
i.e. the ratio of the quantity of oxygen determined by silica to the quantity of 
oxygen set by all the other cations. The acid rocks having a percentage of SiO2 
higher than 65%, the clay used for the manufacture of bricks is the result of the 
deterioration of an acid rock (rate of SiO2: 68.32%). The chemical reactions 
between clay and cement with high contents (pozzolanic reactions) form new 
products which contribute indeed in the final value of the resistance of a ce-
ment-stabilized ground [12]. That explains the fact that compressive strength of 
the clay-stabilized bricks without addition (0% Mahogany tree Shavings, Figure 
4), is higher than that of bricks with incorporated wood shavings.  
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Table 1. Results of the quantification of the mineral phases. 

 Rough clay 
Clay after incorporation 
of the shavings of wood 

Quartz alpha 68.32% 58.21% 

Kaolinite 31.68% 24.60% 

Some traces of anatase _ 8.88% 

Some traces of calcite _ 8.31% 

 
2) The concentration of SiO2 in the same argillaceous mineral decreases after 

incorporation of the wood waste (58.21%), placing consequently this mineral 
among the products of the deterioration of not very acid rock (or intermediaries: 
52% < SiO2 < 65%). This means that the incorporation of untreated wood waste 
with high contents in the clay-stabilized bricks certainly makes clay amorphous; 
what begets the fall of the mechanical properties (compressive strength) of these 
bricks (Figure 3).  

But it is certain that the observed decrease of the SiO2 concentration in these 
composite materials would not be the only intrinsic factor that would have 
caused the decrease in compressive strength. 

3.4. Analysis of the Treatment Water of Wood Chips 

It was used in this study, untreated mahogany wood chips. However, Tamba et 
al. (2007) have shown in their work that the compressive strength of these com-
posite bricks can be improved by using wood chips treated with water. 

3.4.1. Influence of pH Water on the Compressive Strength of Clay Bricks  
Stabilized at 6% Cement and with Incorporated Wood Waste  

We have analyzed in the laboratory of the Research Group in Exact and Natural 
Sciences in abbreviation (GRSEN) of the Directorate General of Scientific and 
Technological Research, ordinary drilling water, then that in which the maho-
gany wood chips were immersed for seven (7) days (water resulting from the 
supposed treatment of wood waste by water); and then measured the physico-
chemical parameters of the waters whose results are shown in Table 2. These 
results show that the chemical elements in ordinary water are low compared to 
the water containing the wood chips and prove that water becomes strongly acid 
after immersion of mahogany wood [11]. 

3.4.2. Evolution of the pH of the Drilling Water by Interaction with  
Mahogany Wood Chips 

We have shown in Figure 6 the variation of the pH of water containing maho-
gany chips. We find that the pH decreases with time and becomes almost con-
stant after seven (7) days of immersion of the wood chips in the water (Figure 
8).  
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3.4.3. Effect of the Nature of Water on the Compressive Strength of Bricks  
Figure 9 shows the effect of the nature of the water on the compressive strength 
of clay bricks stabilized with 6% cement mixed with mahogany wood chips. We 
note that the compressive strength of bricks made with acidulated water by inte-
raction with dry wood chips incorporated (brick with added chips), is lower than 
that of bricks with water without chip influence (bricks with 0% chips), whatever 
the mahogany chip content. This means that the acidity of water greatly reduces 
the mechanical characteristics of composite bricks. In other words, the use of 
untreated wood waste (leading to the acidification of mixing water) in the man-
ufacture of composite bricks leads to a decrease in the compressive strength of 
these materials; which confirms the result reported in the literature by [4] [6] 
[7]. 
 
Table 2. Results of the water analysis [11]. 

 pH t˚ Ca2+ K+ Mg2+ Mn2+ 3
4PO −  Al3+ 

Drilling water 
containing  
wood chips 

4.3 26.2 
13 

mg·L−1 
5.7 

mg·L−1 
21 

mg·L−1 
0.05 

mg·L−1 
1.05 

mg·L−1 
0.8 

mg·L−1 

Ordinary  
drilling water 

7.08 26.8 
6 

mg·L−1 
0.123 

mg·L−1 
3.66 

mg·L−1 
0.02 

mg·L−1 
0.008 

mg·L−1 
0.043 

mg·L−1 

 

 

Figure 8. Evolution of the pH of water containing mahogany wood chips as a 
function of time. 

 

 

Figure 9. Variation in the compressive strength of clay bricks stabilized at 6% 
cement as a function of chip content and water nature [11]. 
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4. Conclusions and Future Work  

In this work, we have studied the influence of wood waste on the mineralogical 
structure of stabilized clay bricks and on the nature of water; the study revealed 
the following conclusions. 
- Incorporation of high-grade wood waste into stabilized clay bricks reduces 

the amount of SiO2 in the clay. 
- The reduction of the SiO2 content in the stabilized clay bricks leads to a de-

crease in the compressive strength of the stabilized clay bricks. 
- The untreated wood chips incorporated into the stabilized clay bricks make 

amorphous clay at high levels. 
- The pH of ordinary water decreases by interaction with immersed wood 

chips. 
- The immersion of the mahogany wood chips reveals chemical elements such 

as Ca2+, K+, Mg2+, Mn2+, 3
4PO −  and Al3+ ions and makes the water strongly 

acidic.  
- Incorporation of untreated wood waste into stabilized clay bricks leads to 

acidification of the mixing water; this results in reducing the compressive 
strength of the bricks. 

The chemical interaction of the wood waste in the mixture: clay + cement + 
chips + water, likely to alter the microstructure of the clay and to acidify the wa-
ter will be the subject of a complementary study.  
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