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Abstract 
 

The study of water absorption and mechanical strength of the belayed coupled with normative provisions that 

enable the selection of tiles coated granites are suitable for both internal and external coatings on our 

premises and 20% rate coarse sand, the bi layers have good three-point flexural strength and compression; 

and a normal water absorption rate .They therefore can in these circumstances be used for coating. 

Standardized tests on sand and evaluation of mechanical characteristics of specimens (three-point bending 

strength and compression strength) by the three-point bending tests and compression are between the other 

methods. Indeed, the sample with coarse sand rate of 20% has a three-point flexural strength equal to 

9,875MPa. The test results by 3 points bending method was used to assess the rate at 5.27% of uncertainty 

and stress fractures samples, As for compression, compressive strength of the specimens at first decreases 

with the assay (20% to 40%) in coarse sand. Then, they oscillate as coarse sand rate increases 

finally, the water absorption stimulates it decreases gradually as the coarse sand rate decreases with the 

exception of the 5050 sample. 
 

Keywords: two-layer, water absorption, mechanical resistance. 
 

1. Introduction 
 

Cement bilayers / Granitos are inexpensive materials and environmentally friendly, that can be produced using 

relatively simple technology. They are mainly used in building non-structural applications, as indoor and 

outdoor coverings, light partitions, tiles, tiles, pavers, screeds, noise barriers and fire .(Moslemi, 1999). They 

possess interesting properties including light weight, waterproofing, adhesion, mechanical and thermal 

performance, fire resistance, impact resistance. Many products already on the market, but the knowledge in 

this field are still limited and studies are needed to better understand certain mechanisms and improve the 

properties of these materials. Several problems related to the high alkalinity of the cementations medium, and 

use of the belayed materials have been identified including: 
 

- The hydration process, during the setting of the cement is sometimes inhibited by the release of some 

extractable molecules, or other substances from the alkaline degradation of the belayed; 

- The mechanical properties of cements bilayers / granitos are often impaired in the long term, due to the 

alkaline degradation of cement; 

- The hygroscopic nature of the cement is often responsible for dimensional variations in the bilayer which not 

only affect the properties at the interface of the bilayer cement / terrazzo, but also limit the scope thereof; 

- Ageing under the action of water and the temperature of the bilayer; 

- Sometimes prohibitive cost (time and cost study and implementation). 
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In this context, we asked ourselves the question: the two-layer material consisting of cement mortar (sand 

cement) and a mineral coating (terrazzo) offers good strength? The answer to this question, in our humble 

opinion, can only be achieved by a Study and Characterization of a two-layer material consisting of cement 

mortar (sand cement) and a mineral coating (terrazzo). Thus, we decided to choose as the theme of memory 

"Design and Characterization of a mineral layer material: Case terrazzo tiles coated". 
 

2  Materials and Methods  

2.1 Materials 

 

 
 

Figure 1 : Sample bilayer : Tiles coated granites 
 

1. Samples and way of confection [BAGAN G. C 2002]. 
 

Samples Coarses and 

proportion in% 

Mediums and 

Proportion in% 

Totals and mass 

MS in grams (g) 

Cement weight MC = 

1/3 MS in grams (g) 

Water mass ME = 0, 

5 MC en grams (g) 

2080 20 80 1450 483,33 241,67 

3070 30 70 704 234,67 117 ,33 

4060 40 60 864 288 144 

5050 50 50 1024 341,33 170,67 

6040 60 40 898 299,33 149,67 

7030 70 30 1217 405 ,67 202,83 

8020 80 20 815 271,67 135 ,83 
 

Table 1: Summary dosages 
 

- Testing Machines 

 
 

Figure 2: Test apparatus for bending three points on the specimen 
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Figure 3: bending test devices three points on the specimen 

 
 

-Various facilities 
 

The materials used are among others the sand, cement; water and crushed marble. 

We will look at the influence of the grain size of the sand on the mechanical properties of the bilayer. These 

properties are very numerous, but this study is limited to the study: 
 

 The water absorption; 

 3-point flexural strength; 

 Compressive strength 
 

Prior to the completion of the bilayer substrate component, we have made initially testing the sand in order to 

characterize it. These tests are performed at the testing laboratory and research in Civil Engineering (LERGC). 

This characterization was to determine the following properties: 
 

- The particle size 

- The equivalent of sand 

- The actual pre-dried density (specific gravity) 

- The bulk density (bulk density) 

- The water content 
 

After characterization sand, specimen preparation occurs while performing the mortar and varying granular 

compositions to release the proper dosage. 
 

Samples 

 
2080 3070 4060 5050 6040 7030 8020 

Proportion of coarse sand% 20 30 40 50 60 70 80 
 

After this step, we asked what the coating terrazzo .a both obtained bilayer, we weighed with a precision 

balance and we immersed in water for 28 days. The 28days achieved, we have made the three points bending 

tests and compression 28days on said test piece and the water absorption rate.  
 

2.2 Methods 
 

2.2.1 Water absorption rate 
 

The procedure is to completely immerse the samples in water for 24 hours at room temperature and then in 

their weightings after being wiped .If there is respectively denoted by m1 and m2 the initial mass of the test 

piece and the water-saturated in grams, the open porosity, denoted P is determined by the expression 

[BRAZIER JF, 1991]. 
 

2.2.2 Bending test three points 
 

The press used for our experiments is a hydraulic press with digital display. We focus the specimen and 

perpendicular to its length. We submit to all a constant load and note the load at break. 
 

2.1.3 Compression Test 
 

The procedure adopted is the compression over two half specimens from the three-point bending test. The two 

halves are not always regular in shape. 
 

  Open porosity, denoted P is determined by the expression [BRAZIER JF, 1991]. 
 

P (%) =  
     

  
×100                                     (1) 
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 The flexural strength of the test pieces was determined by the relation [Bailon JP. Et al, 2000]: 
 

Rf = 
           

      with              (2) 
 

l: distance between supports (mm) 

Rf: flexural strength in Newton’s per (mm2) 

b: side of the prism square section (mm) 

Ff: load applied to the middle of the prism at break (N) 
 

  The standard deviation is determined from the following formula: 
 

                                  
 

 
             With               (3) 

 

N: number of test pieces 

X: the average flexural strengths (MPa) 

Xi: the bending strength of each test piece (MPa) 
 

  The uncertainty is determined from the following formula: 
 

     I (%) = 
 

       
                                      (4) 

 

 The compressive strength is determined by the formula 
 

         Rc= 
  

    
      with                                           ( 5)                                        

Rc: compressive strength in Newtons per square millimeter 

Fc: Maximum breaking load, in newtons 
 

3. Results And Discussion 
 

 

Samples 2080 3070 4060 5050 6040 7030 8020 

Coarse sand rate% 20 30 40 50 60 70 80 

Rate% fine sand 

 

80 70 60 50 40 30 20 

Flexural strength 

(MPa) 

9,875 9,75 7 8,500 7,125 9,125 8,625 

Standard deviation 

(MPa) 

9,875±0,18 9,75±0,37 7±0,64 8,500±0,64 7,125±0 9,125±0,7

7 

8,625±0,53 

Uncertainty (%) 1,82 3,79 9,14 7,53 0 8,44 6 ,14 

Average uncertainty 

(%) 

 

5,27 

 

Table 2: Flexural test results Summary of 3 points to 28 
 

 

Samples 2080 3070 4060 5050 6040 7030 8020 

Coarse sand 

rate% 

20 30 40 50 60 70 80 

Rate% fine 

sand 

 

80 70 60 50 40 30 20 

Flexural 

compression  

(MPa) 

 

22,083 

 

21,94 

 

18,437 

 

19,124 

 

18,458 

 

21,572 

 

20,687 

Standard 

deviation 

(MPa) 

 

22,083±1,91 

 

21,94±2,17 

 

18,437±0,26 

 

19,124±1,44 

 

18,458±0,10 

 

21,572±0,51 

 

20,687±0,64 

Uncertainty 

(%) 

8,65 9,89 1,41 7,53 0,54 2 ,36 3,09 

Average 

uncertainty 

(%) 

 

4,78 

 

Table 3: Summary of compression test results at 28 days 
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Samples 4060 6040 5050 8020 7030 3070 2080 

fc28 

(MPa) 

 

18,437 

 

18,458 

 

19,124 

 

20,687 

 

21,572 

 

21,94 

 

22,083 

ft28 

(MPa) 

 

7 

 

7,125 

 

8,500 

 

8,625 

 

9,125 

 

9,75 

 

9,875 

     

        
 

 

1 

 

1,02 

 

1,21 

 

1,23 

 

1,30 

 

1,39 

 

1,41 
               

             Table 4: Increase in flexural strength as a function of the compressive strength of test specimens 
 

3.1 Strength of test specimens 
 

 

 
 

Figure 4: Bending strength 3 points specimens 
 

Analysis and discussion:  The flexural strength 3 points specimens decrease initially with the assay (20% to 

40%) in coarse sand. Then, they oscillate as coarse sand rate increases. The sample with coarse sand rate of 

20% has a three-point flexural strength equal to 9,875MPa Thus; the variation of these resistors allows us to 

say that the more resistant the sample is 2080 sample. Analysis and discussion: When the force reaches a 

maximum value, one or more cracks appear and spread more quickly than the loading speed is high. This 

means that the inclusions of the matrix affects the flexural strength of these materials such .A sample behavior 

is similar to that of brittle materials [Bailon JP. Et al, 2000].The test results by 3 points bending method was 

used to assess the rate at 5.27% of uncertainty and stress fractures samples, the gap of uncertainty is low, it    

can be concluded that the the more resistant the sample is 2080.  
 

3.1 Strength of test specimens 
 

Similarly, graphs of the curve of figure 5 outline the compressive strength at 28 days of test specimens. 
 
 

 
 

Figure 5: Compressive strength at 28 days of test specimens 

Analysis and Discussion: Similarly, compressive strength of the specimens decreases initially with the assay 

(20% to 40%) in coarse sand.  
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Then, they oscillate as as coarse sand rate increases. 
 

3.2 Influence of coarse sand rate on the compressive strength at 28 days 

 

The curve of figure 6 tells us about the influence of coarse sand on the three-point flexural strength of test 

specimens. 
 

 
 

Figure 6: Influence of coarse sand rate on the compressive strength at 28 days 
 

Analysis and discussion: At the start of the test, we note that there is increase in strength as it occurs no 

deformation. This can be explained by the existence of certain cohesion between the elements of the material 

.Then there is a relapse of force before it increases again. This is due to the interface which is located between    

the substrate and the coating.  Similarly, when the force reaches a maximum value, one or more cracks appear 

and spread more quickly than the loading speed is high. This means that the inclusions in the matrix influence 

the compressive strength of these materials such behavior .The curve of the figure 7 Increase in flexural 

Strength as a function of compressive strength of test specimens. 
 

 

 
 

Figure 7: Increase in flexural strength as a function of the compressive strength of test specimens 
 

Analysis and Discussion: The increase in the flexural strength according to the compressive strength is shown 

in the curve of figure 7. It is noted that this increase follows a logarithmic function where the rate of increase 

decreases the compressive strength increases. Such behavior of the samples is similar to the mechanical 

behavior of concrete and hydro mechanical  
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3.3 Water absorption rateThe graphs of the figure 8 outline the samples of water absorption rate 
 
 

 
 

 
 

Figure 8: water absorption rate of the samples 
 

Analysis and discussion: Through the graph, we see that the water absorption rate decreases gradually as the 

coarse sand rates decline with the exception of the sample 5050. This exception is explained by the equal 

distribution of fine sand and coarse levels. 
 

 Influence of coarse sand on the rate of water absorption rate Curve of figure 9 tells us about the influence of 

coarse sand on the water absorption rate. 
 
 

 
 

 

Figure 9: Influence of coarse sand on the rate of water absorption rate 
 

Analysis and discussion: The change in the absorption rate of the specimens according to the coarse sand rate 

is plotted on the Figure 6. It can be said that the curve appears to lead to an assessment of the intrinsic rate of 

absorption. Such behavior of the samples is similar to that of micro concrete tiles [BAGAN G. C., 2002]. 

The study of the absorption of water by the samples shows that the water absorption capacity for different 

types of samples is inversely proportional to the rate of coarse sand contained in the latter. 
 

4. Conclusion 
 

Studies conducted as part of this work whose objective is the promotion of local building materials in Benin to 

improve their performance in terms of mechanical characteristics, focused on the case materials bilayers tiles 

coated granites. The materials of the study: coarse sand, cement, terrazzo was first analyzed individually and 

characterized before use. Overall, after preparation of specimens, testing and studies have focused on the 

mechanical characterization of bilayer and the influence of coarse sand rate on the said characteristics. 

Standardized tests on sand and evaluation of mechanical characteristics of specimens (three-point bending 

strength and compression strength) by the three-point bending tests and compression are between the other 

methods. We can remember that: 
 

• coated terrazzo tiles are suitable for both internal and external coatings on our premises 

• 20% of coarse sand rates, bilayers  provide good three-point flexural strength and compression; and a normal 

water absorption rate. They therefore can in these circumstances be used for coating. The area subject of this 

study is particularly interesting that this vast and real possibilities of research.  Indeed, our studies have 

focused on a number of tests; we should continue research while studying other properties. Damage to the 

coatings has the main origin of the aging process, and degradation due to moisture.  
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It would be interesting to study aging and hydrothermal behavior of bilayers. Furthermore, the field of 

building materials is at the crossroads of comfort and security of the economy. It would therefore be very 

useful for further study in the direction of environmental security, and especially of the economy (compared to 

conventional materials). 
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