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Abstract 

The transport   properties of the concrete mainly the permeability plays a key role in the evaluation and the forecast of the 
durability of the reinforced concrete structures. Indeed the permeability to gas is a major indicator to evaluate the capacity of 
material to resist the penetration of aggressive chemical species. 
However the aptitude of the concrete to penetrate by these aggressive agents can not always follow a law Darcienne since this 
material seldom saturated in reality. Indeed the permeability of the ordinary concrete of porous nature depends on the humidity 
rate which fluctuates in its interstices according to time in relation to its surrounding medium. 
The objective of our works is thus to study the permeability of the ordinary concrete partially saturated made using two types of 
cement CPJ 42,5 (Chlef and M' Sila) by underlining the particular attention to the influence of ratio W/C on the measure of the 
permeability to oxygen. a super- plasticizer (produced of Granitex) was introduced to have the influence of the additives on the 
indicators of durability. The results confirm that the concretes with a ratio W/C reduced with an addition of a super-plasticizer 
are of high impermeability to oxygen. 
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1. INTRODUCTION 
Known since Roman antiquity the concrete is today the building material more used in the world. Initially employed in 
complement or in substitution of the stone the material made real great strides in its association with steel in the 
reinforced concrete. At the same time, mechanical and chemical complementarity between these two materials made it 
possible to build in an economic and reliable way the works necessary to all the human activities.[1] 
The degradation of the concrete generally results from its attack by the acid agents contained in the water with which it is 
in contact. It can also come from the corrosion of the reinforcements in the case of reinforced concrete. If the concrete 
does not ensure an effective protective barrier between these reinforcements and external environment, oxidation will 
provoke the swelling of the reinforcements, this swelling is then the cause of the bursting of the supposed concrete to 
protect reinforcement.[2] 
 
2. EXPERIMENTAL METHODOLOGY  
The model that we propose here (figure 01 and 02) is realized at the laboratory of the faculty of civil engineering of 
university USTHB (Algeria). The permeability to gases of a concrete test tube depends on the porous structure of material 
and also of the hydrous state of the test-tube. The permeability increases when the average rate of water saturation of the 
test-tube decreases. To determine the permeability of a concrete it is thus necessary to at least partially dry the test-tube 
intended for measurement so that the gas can cross the latter. Operative mode recommended by AFPC-AFREM 
recommends to prepare in the following way the test-tubes: saturation at water at a temperature of 20o C and drying in 
ventilated drying oven with T=105±5o C until stabilization of the mass i.e. when two weighings spaced by 24 hours do 
not differ more than 0,05%. It is desirable to carry out measurement on three samples to characterize a concrete. And for 
each sample, it is advisable to carry out the test with three pressures:2,3 and 4 absolute bars. The results of measurements 
of permeability (Ka) are then expressed according to the average rate of saturation (s) of the test-tube corresponding to 
each stage of conditioning.  The procedure recommended by AFPC-AFREM recommends to carry out the test with   
pressure of entry P=0,2 MPa. However, if one wishes to determine the intrinsic permeability of the material, i.e. a 
permeability which is independent of the gas pressure, it is necessary to carry out tests with three or four different 
pressures. Apparatus "CEMBUREAU" makes it possible to carry out tests with pressures of entry ranging between 0,2 
and 0,6 MPa[6]. The calculation of the intrinsic permeability is carried out by applying for example the method of 
Klinkenberg. 
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     Fig 01: Permeability test to oxygen  [6]                     Fig 02: schema of the cell of the permeameter, cross-section [6] 
 
3. CHARACTERIZATION OF MATERIALS  
In this part, a detailed description of materials used is exposed. The raw materials are of local origin. 
 
3.1 Cement 
Cements which we used in our research are ECDE of Chlef cement and Matine cement of M' Sila. 
 
3.1.1 Cement ECDE of Chlef  
Cement CPJ-CEM II/A 42,5 is a Portland cement made up obtained by the finely crushed mixture of clinker, additions 
(pure calcareous) and calcium sulphate like regulator of grasp. 
 
3.1.2 Matine Cement of M’ Sila 
Cement CPJ-CEM II/A 42,5 is a gray cement from high initial strengths and final , it consists of mineral oxides whose 
principals are lime (Ca O) with basic function, silica (Si O2) with acid character, alumina (Al2 O) and iron (Fe2 O). 

  
3.2 Additive (super plasticizer) 
The additive which one tested is MEDAPLAST SP 40 which presents a reducing effect of water high enough.  
 
3.3 Water  
We used in our research works the water of tap of university USTHB of Bab Ezzouar (Algeria). The result of this water  
by the chemical analysis is the inexistence from the suspended matter and a tiny quantity from dissolved salts (0,01 g/l). 
 
3.4 Aggregates  
3.4.1 Sand   
Sand used is a crushed sand originating from the career of Bouzegza,  Boumerdès, Algeria. 
 
3.4.2 Gravels 
The gravels used of class 8/15 and 15/25 originating from the career of Bouzegza. They are crushed gravels of 
silicocalcareous origin. 
 
4. TEST RESULTS  
4.1   Compressive strength 
The results of the mechanical resistances to the compression of the various types of concrete are recapitulated on 
following table (table 01) and (figure03, figure 04, figure 05): 

 
Table 01: Compressive strength of the concretes at various ages  

E/C Concrete at base of Cement Chlef (MPa) Concrete at base of Cement M’Sila (MPa) 

 
0,46 

7 days 28 days 90 days 7 days 28 days 90 days 

21 30 34 24 33 37 
0,65 14 20 23 13 18 22 

0,36 28 35 39 31 39 43 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org  

Volume 3, Issue 5, May 2014   ISSN 2319 - 4847 
 

Volume 3, Issue 5, May 2014 Page 327 
 

0

5

10

15

20

25

30

35

40

7 28 90

Fig 03: Evolution of the compressive strength for W/C = 0,46
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Fig 04: Evolution of the compressive strength for W/C= 0,65
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Fig 05: Evolution of the compressive strength for W/C= 0,36
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4.2  Permeability to oxygen 
The results of the permeability to oxygen of the various types of concretes with various ratios W/C and to 28 days are 
presented as follows (table 02, figure 06, table 03, figure 07, table 04): 
 

            Table 02: Coefficients of permeability to oxygen (10 -16 m2)  

Ratios 
W/C 

Type of 
concrete 

Absolute 
pressure P 

(bars) 

Shelf life in days 
 

28 

 
0,46 

 

Cement 
Chlef 

2 1,407 
3 1,162 
4 1,011 

Cement 
M’Sila 

2 1,504 
3 1,354 
4 1,125 

 
0,65 

 

Cement 
Chlef 

2 3,873 
3 2,873 
4 2,480 

Cement 
M’Sila 

2 3,997 
3 2,915 
4 2,337 

0,36 

Cement 
Chlef 

2 0,798 
3 0,701 
4 0,570 

Cement 
M’Sila 

2 1,104 
3 1,034 
4 0,999 
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Determination of the intrinsic permeability by the method of Klinkenberg for two different concretes after drying to 
105o  C. 

Fig 6:  Concrete at base of cement Chlef (28 days) 
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We have the following table: 
 

Table 3: Intrinsic permeability (Ki) and coefficient of Klinkenberg (β) of various ratios W/C  
W/C Ki (m2) β (bars) 
0,46 3,75.10-17 4,18 
0,65 4,9.10-17 10 
0,36 2,5.10-17 3,36 

 
Fig 7:  Concrete at base of cement M’Sila (28 days) 
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 We have the following table: 
 

Table 4: Intrinsic permeability (Ki) and coefficient of Klinkenberg (β) of various ratios W/C 
W/C Ki (m2) β (bars) 

0,46 5,2.10-17 2,98 

0,65 6,5.10-17 7,41 

0,36 3,8.10-17 2,77 
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5. INTERPRETATIONS AND DISCUSSIONS 
One remarks that the increase in the resistance of the concrete with W/C=0,36 is remarkable, as a result of the addition of 
the super-plasticizer which condenses  the cement matrix and fills  the pores and the capillaries, what  has  consequence 
to  increase the mechanical resistance and  improve resistance  facing to aggressiveness of the medium. 
The permeability to oxygen of the concretes whose W/C=0,36 is much weaker than the one of the ordinary concretes that 
is due to the improvement of the microstructural characteristics of the cement paste by the addition of super plasticizer 
and to the consolidation of the zone of transition between paste and aggregates. We remark that the permeability is 
strongly influenced by the parameters of compositions of the various types of concretes according to cement used with 
various ratios W/C. 
The measurement of permeability to oxygen depends on the pressure of test and the rate of saturation of the sample.  To 
characterize a material independently of the first factor it is necessary to use a characteristic called intrinsic permeability.  
This greatness corresponds to the ordinate at the origin of the curve representing the permeability as a function of the 
reverse of the pressure of test.   To free oneself of the second factor, it is necessary to evaluate this characteristic for a dry 
material which conducts to study the "intrinsic permeability dry" of each composition.  The second information which one 
can draw from the approach chosen to exploit the experimental results calls oneself the coefficient of Klinkenberg (noted 
β):  it is about the relationship between the slope of the representative curves and their ordinate at origin (intrinsic 
permeability).  This parameter translates the way in which occurs the gaseous flow   across studied material [3 ]. 
By comparing a serie per serie the two types of concretes we find that the permeability to oxygen discloses oneself less 
important for the concretes at base of Chlef cement than for the concretes at base of cement M' Sila. The intrinsic 
permeability at the dry state is therefore also less important for the concretes at base of Chlef cement than for the 
concretes at base of cement M' Sila whereas the coefficient of Klinkenberg is most elevated for the concretes at base of 
Chlef cement. 
In summary, by considering the errors measured of dispersion,  the permeability at the dry state of the concretes at base of 
Chlef cement of building can therefore be recognized as significantly lower than that of the concretes at base of cement 
M' Sila whereas their coefficient of Klinkenberg is superior.  One can reasonably suppose that the porosity is different, the 
concretes at base of Chlef cement having smaller pores. 
 
CONCLUSION 
Our study made it possible to check if the differences in composition between the two types of concretes according to 
cement used with various ratios W/C had a major influence on certain properties of physicochemical durability. On this 
subject, the concretes with W/C=0,36 proved that they possess behaviors different with those from the concretes with 
W/C=0,65 and W/C=0,46 concerning the various studied properties of transfer.  The permeability to oxygen of the 
concretes with W/C=0,36 disclosed oneself broadly lower at that of the concretes with W/C=0,65 and W/C=0,46. 
The results drawn from our experimental tests display that the concretes with W/C=0,36 have characteristics of durability 
improved at that of the concretes with W/C=0,65 and W/C=0,46. 
In general, it is preferable that the network of capillary pores is constituted of the smallest possible pores because the 
degree of inter-connect is weaker there.  The permeability of the paste finds some then considerably decreased because 
there is very few preferential road for the passage of the liquids, of gases or the potentially aggressive ions [ 5 ]. 
 
References 
[1] Emmanuel Roziere, "Study of the durability of the concretes by a performantielle approach", Thesis of doctorate 

2007.  
[2] Rita de Cassia Silva, "Contribution to the probabilistic analysis of the performance of the bridges concrete armed", 

Thesis of doctorate 2004. 
[3] Thomas de Larrard, "Variability of the proprieties of the concrete: experimental characterization and probabilistic 

modeling of leaching ", Thesis of doctorate of the higher teacher training school of Cachan 2010. 
[4] Document of Veronique Baroghel-Bouny, Patrick Rougeau and François Cussich, "the durability of the Concrete. 

Performantiel approach of the durability of the concretes ", 2008. 
[5] International congress, "Rehabilitation of constructions and durable development", 2005. 
[6] Testing method No 58 characteristics microstructural and properties relating to the durability  of the concretes 

"Measures permeability to gases of the concretes hardened by a device with  constant load (CEMBUREAU). 
[7] Algeria equipment, "technical Review of the École Nationale Supérieure of public works", 2010. 
 
 


