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Abstract 

The promotion and the popularization of the micro concrete tiles in any locality obligation with a 
will of durable development pass by a standard of quality, which is based on the results of scien-
tific and technical research taking account of local specificities. This work proposes to study the 
porosity of the micro concrete by micro structural analysis. From this study, it comes out that the 
variation of porosity compared to the ratio of the fine gravels (s/(s + g)) is decreasing. Indeed 
more the granular ratio increases less low is the density of pores of material. The decrease of po-
rosity according to the granular rate is not infinite; it tends towards a minimum starting from a 
rate of fine gravel close to 50%. The results obtained justify well the ratio of fine gravel practised 
by tileries. 
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1. Introduction 

Since about fifteen years, several projects of durable development are directed in the promotion and the popula-
rization of the techniques and technologies of manufacture of the local materials, of which tiles. These last, in-
troduced into many countries of Africa, Asia and America by the ILO, are supported by various projects of dur-
able development.  

Indeed used for the manufacture of these tiles according to recommendations’ of the ILO, the micro concrete 
has a formulation which can vary according to the nature of the raw materials [1]. Since the quality of material is 
dependent on the control of the parameters of implementation relating to the raw materials [2] [3] a study of po-

http://www.scirp.org/journal/jbcpr
http://dx.doi.org/10.4236/jbcpr.2014.22013
http://dx.doi.org/10.4236/jbcpr.2014.22013
http://www.scirp.org/
mailto:potemat@yahoo.fr
mailto:Vautrin@emse.fr
http://creativecommons.org/licenses/by/4.0/


C. A. Toukourou et al. 
 

 
151 

rosity according to granulometry will make it possible to deduce the granular formulation to recommend [4]. 
Thus this work aims to define starting from a study of the microstructure of the micro concrete the ratios of sea 
sand and fine gravel making it possible to obtain less porous materials for the insurance of tiles of quality.  

2. Material and Method 

2.1. The Test-Tubes 

The micro concrete can be defined as being a concrete, whose diameter of the aggregates entering its composi-
tion do not exceed 10 mm [3] [5]. Indeed the maximum diameter of these aggregates is a function thickness of 
the tile. In case of need where the tiles have a 8 mm thickness, this dimension is 5.5 mm [1]. In addition to the 
aggregates, the micro concrete is composed of cement and water. The ratio cement/ aggregates/water used for 
the manufacturing of the test-tubes is 1/1/0.5 in volume. The aggregates, of which hygrometry is 75%, and sand 
equivalent is 95%, the density and the bulk density are respectively 2.55 and 1620 kg/m3 , result from two dis-
tinct sands of siliceous origin. One, of granular size varying between 0.08 and 2 mm is called fine sand or quite 
simply sand and is indicated by (s); the other of granular size ranging between 0.08 and 5.5 mm is called coarse 
sand or fine gravel and is indicated by (g). The distribution of the grains is illustrated by the grading curves of 
Figure 1. 

The test-tubes are different primarily by their granular composition gathered in Table 1. The test-tube 2080 
consists of 20% of sand and 80% of fine gravel; the 3070 consists of 30% of sand and 70% of fine gravel; the 
4060 consists of 40% of sand and 60% of fine gravel; the 5050 consists of 50% of sand and 50% of fine gravel; 
the 6040 consists of 60% of sand and 40% of fine gravel; the 7030 consists of 70% of sand and 30% of gravel; 
the 8020 consists of 80% of sand and 20% of fine gravel. 

First, confirm that you have the correct template for your paper size. This template has been tailored for out-
put on the custom paper size (21 cm × 28.5 cm). 

2.2. Preparation of the Samples 
The micro concrete samples were cut out starting from the test-tubes, coated and then polished thanks to a pro-
vided polishing machine discs. On the discs grains of diamonds of gauges were fixed varying from 400 to 0.4 
microns.  

2.3. Methods of Characterization of the Micro Concrete 

The quantitative analysis is the method essential which makes it possible to describe a microstructure by a series 
of geometrical parameters, to control or validate a model, to compare and study the behaviors of a structure un-
der various experimental conditions [6].   

The quantitative analysis of images relates to the morphological study of the structures as well as the quanti-
fication of this morphology with measurement of parameters. On the images to be analyzed, the objects to be 
identified were treated to then be able to select them and define measurable sizes making it possible to know 
their content, their size, their form [6]. The characterization was made by the method of analyses of image 
thanks to the optical microscope or the magnifying glass binocular, provided one or the other with a device of 
acquisition and image processing, the whole controlled by a computer. The device of acquisition and image 
processing is illustrated on Figure 2 and Figure 3. 

Various types of analysis were carried out [7]:  
• the total analysis relates to the structure as a whole, such as for example the evolution of the various compo-

nents;  
• the individual analysis on the contrary is carried out particle by particle, for example the determination of the 

form or of the size of a component. This analysis, in opposition to the total analysis, does not relate on an 
image which represents the whole of the structure, but to a fraction of this unit. In this case the window of 
analysis restricts the study with part of the sample, and thus account should be held to this parameter and to 
utilize statistical methods to extend the results to the whole of the structure. Indeed the probability for an 
element of being completely included in the window depends on its size. During this study of the micro con-
crete, the principle of total analysis is adopted, after a preliminary comparative study.  

Any analysis of images corresponds to a program made up of a sequence of instructions which one visualizes  
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            Figure 1. Distribution of the aggregates.                                             
 

 
            Figure 2. The device of image acquisition.                                           
 

 
            Figure 3. Device of image processing.                                             
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Table 1. Granular composition of the test-tubes.                                                               

Test-tubes 2080 3070 4060 5050 6040 7030 8020 
Proportion of sand 

[s/(s + g) ]% 20 30 40 50 60 70 80 

Proportion of fine gravel 
[g/(s + g) ]% 80 70 60 50 40 30 20 

 
on the screen of the analyzer. It breaks up into four essential stages:  
• frame grabbing,  
• selection of the zones of interest,   
• image processing and measurements,  
• the interpretation of the results.  

The first stage of any analysis is the development and the frame grabbing. This one is carried out by means of 
a system of entry chosen according to the sample to analyze, of the studied parameters and the medium.  

The software of analysis is connected to an optical microscope with reflexion or a binocular magnifying glass 
associated with a camera. The camera provides an analogical signal corresponding to the image of the object 
observed which is transmitted to the software of analysis like to the control screen. This system of entry makes it 
possible to acquire, store, and to restore the image of the object. This image is a two-dimensional representation 
of the object at one moment given with a precise enlargement. The recorded image is defined by a whole of 
points images (often 512 × 512) called pixels and with each one is associated a value representative of the level 
with gray of the image in this point. There are 256 levels of gray which vary between the value 0 corresponding 
with the black and value 255 with the white [7].  

If contrast would not allow an acquisition which makes it possible to distinguish the different part from the 
image, one proceeds initially by an impression, thanks to the camera fixed on the binocular magnifying glass. It 
is the copy of the printed image which makes it possible to carry out acquisition through the medium of an 
overhead projector (Figure 3).  

Three samples are used for each test. 

3. Results and Discussion  

The pores appear black with a random distribution of size (Figure 4). Let us note that each sample carries same 
designation that the test-tube from which it is cut out.  

The results obtained after acquisition and image processing are represented in Table 2 they are graphically il-
lustrated by the curves of Figure 5. These curves represent the distribution of the pores according to the equiva-
lent diameter.  

It is noted that the populations of pores of size ranging between 5 and 50 microns have a distribution qua-
si-normal. Table 3 gives their parameters characteristic with a threshold of 68.27% and one confidence coeffi-
cient equal to 1 [8].  

Through this table, it is important to realize that average diameter of samples increases when density of pores 
decreases with the proportion of fine gravel. This fact permits to suppose that vibration made in samples fabrica-
tion influences internal strength against micro concrete pastes viscosity, stressing fine gravels, which moves and 
divides the diameter of pores. So more proportions of fine gravel create more divided diameter and more density 
of pores. 

The analysis of the density of pores compared to the rate (s/(s+g)) of fine gravel contained in the micro con-
crete according to the curve of Figure 6. 

This curve indicates that the number of pores of diameters ranging between 5 and 50 microns tends towards a 
constant value from 50%. The pores are responsible for micro concrete’s water suction. More pores result in 
permeability of this tile material. So minimizing the number of pores gives the warranty of non-permeability 
tile.  

4. Conclusion 

To be used for tile, the micro concrete must have hydrophobias. This property depends on the structure of this 
material, which under the optical microscope with a suitable enlarging reveals aggregates and a cementing net-  
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                   Figure 4. Morphology of the micro concrete.                            
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                   Figure 5. Distribution curves of the pores.                              
 

 
                   Figure 6. Variation of the density compared to the coarse sand rates.         
 
work in which swarm a multitude with variable pores of dimensions.  

This study made it possible to note that the population of pores of diameter ranging between 5 and 50 microns, 
responsible of capillary suction, is less and less dense when the rate of fine gravels increases.  
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Table 2. Distribution of the pores by sample.                                                                  

Designation of sample Diameters of pores in microns Frequencies of Diameter Equiv. % 

Sample 2080 

5 -- 10 4 
10 -- 20 18 

20 -- 30 31 
30 -- 40 47 

40 -- 50 0 

Sample 3070 

5 -- 10 36 
10 -- 15 40 

15 -- 20 14 

20 -- 25 5 
25 -- 30 3 

30 -- 35 2 

35 -- 40 0 

Sample 4060 

5 -- 10 30 
10 -- 15 40 

15 -- 20 17 

20 -- 25 7 
25 -- 30 3 

30 -- 35 3 

35 -- 40 0 

Sample 5050 

5 -- 10 25 
10 -- 15 36 
15 -- 20 22 
20 -- 25 9 
25 -- 30 3 
30 -- 35 2 
35 -- 40 2 
40 -- 45 1 

Sample 6040 

5 -- 15 52 
15 -- 25 41 
25 -- 35 5 
35 -- 45 1 
45 -- 55 1 

Sample 7030 

5 -- 10 14 
10 -- 15 47 
15 -- 20 28 
20 -- 25 5 
25 -- 30 4 
30 -- 35 2 
35 -- 40 0 
40 -- 45 0 

Sample 8020 

5 -- 15 63 
15 -- 25 25 
25 -- 35 8 
35 -- 45 4 
45 -- 55 0 
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Table 3. Parameters of distribution of the pores.                                                                

Samples Φ  = ΣΦINI/N Density of pores 104 Standard deviation σ Confidence interval 
Ech 2080 11.90 2.88 7.83 11.90 ± 7.83 
Ech 3070 12.67 2.77 5.55 12.67 ± 5.55 
Ech 4060 12.09 2.07 5.35 12.09 ± 5.35 
Ech 5050 12.58 2.28 6.25 12.58 ± 6.25 
Ech 6040 13.20 1.93 6.63 13.20 ± 6.63 
Ech 7030 13.85 1.93 5.42 13.85 ± 5.42 
Ech 8020 13.85 1.38 6.30 13.08 ± 6.3 

 
In the same way the results of this work show as this decreasing tends towards a limit from 50% of fine gra-

vels. This is in perfect agreement with investigation of micro concrete structure through water absorption [9], 
and with the rate of 2/3 used in tileries. 
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