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Abstract 
 

One of the important characteristics of concrete strength and durability of concrete 

structures is the protection of armatures against corrosion. Concrete is mixed of 

aggregates; water and cement, even thought, the armatures can be damaged by 

penetration of seawater or other kind of chemical solutions in it.  

 

Determination of hydraulic permeability of concrete is very important for control of 

water penetration into the concrete and protection of armatures against corrosion. In this 

test, a special small cylinder was prepared, for which the three axial apparatus was used 

for confining, and injection pressure application, to evaluate the permeability of 

concrete specimens and evaluate the penetration depth and permeability coefficient of 

concrete. 

 

We can apply a confining hydrostatic pressure to concrete specimen of 10 cm diameter. 

The injection pressure in upper surface of it; is a little less than confining pressure. The 

length of specimen is about 10 cm. after a waiting time; the water can penetrate in to the 

concrete and exit from other side. Measuring the debit of injected water by volume 

change, will let us find the stabilized debit after waiting time. In the stabilized phase of 

water flow, we can apply Darcy Law for evaluating the hydraulic permeability 

coefficient of concrete. 

 
Key words: Permeability coefficient of concrete, three axial test, hydraulic gradient, 

back pressure, cell pressure. 
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1. INTRODUCTION 
 

In this research, two different series of mix design have been used. In each one, two 180 

days aged specimens were tested. In order to determine the hydraulic permeability, 

steady-state flow of water should be assured to be maintained. With this respect, the 

outflow versus time is controlled during the injection. Because of rather high gradient of 

injection before saturation, usually the injection debit is high at the beginning of test and 

gradually Q-t curve tends to a special value (diagram 1). 

After this, the value of Q becomes equal to Qt. The steady debit would be Qt that enters 

in Darcy equations.    

 
Qt = A*V = K*I*A 

 

During this test, the above-mentioned process was obviously observed and the selected 

debit was chosen the same as steady debit after the steady-state flow was maintained. 

 
Digram1. The curve of Q versus t. 

 

2. TEST PROCEDURE BY THREE AXIAL APPARATUS 

 
Three axial apparatus used for determination of concrete permeability, first one applies 

an appropriate cell pressure to the lateral surface of the specimen and after that he 

applies a lower pressure as internal water pressure which passes through the voids in the 

concrete. The water inflow and outflow from end surface of the specimen were 

measured by inflow volume measurement sensor and calibrated cylinder, respectively.   

After full saturation of the specimen that is indicated by steady debit, the amount of 

water current through the specimen can be divided in to the relative time to obtain the 

debit. The hydraulic gradient can also be calculated by precise measurement of 

specimen dimensions and reading the pressure difference between its two ends, which is 

usually equal to back pressure(BP
1
). 

 
Fig.1. Set up for permeability measurement of concrete 
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The cylindrical specimens that the height and diameter of it were 5 and 10 cm, 

respectively, were taken from the standard specimens of 15 cm diameter.  

 

 
Fig.2. Digital sensor for axial force (confining pressure controller) 

   
 

 
Fig.3. Digital sensor for water inflow (volume change) 

 

 

 
Fig.4. Measurement gauge for confining and injection pressure  
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At the end of the test, the information that is presented in the following was read and 

recorded. We calculated the hydraulic permeability of concrete at the age of 180 days 

and the results are presented in the table 1 and 2.  

 

 
Fig.5. Data feeding and retention in three axial system 

 

 

3. THEORETICAL PRINCIPLES OF HYDRAULIC PERMEABILITY 

DETERMINATION 
 

Permeability coefficient has been defined by “Darcy Law”. In this procedure, a 

specimen of specified height is placed under hydraulic load, H. this height which is 

equal to back pressure(B.P.)/γw, is obtained from the following relationship (B.P. is in 

KPa): 

 

H=(B.P*1000)/9810  (m) 
 

On the other hand, the hydraulic gradient can be obtained from: 

 

  I=H/l 
 

Where ‘H’ is hydraulic load difference applied on the specimen and ‘l’ is the specimen 

height (We notice that the hydraulic load of other face is assumed 0). 

  

Having the steady state debit of flow, the permeability coefficient is: 
 

K=Q/AI 

 

Where: 

I= Hydraulic gradient 

Q= Outflow debit 

A= Specimen cross section. 
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Table1. The output data for group 1 specimens. 

 

group 1. specimens 

 

180 days 

Back pressure = 200KPa 

 

Cell pressure=250KPa 

Back pressure = 300KPa 

 

Cell pressure=350KPa 

Row Time(min) Volume change(ml) Volume change(ml) 

0 0 12121 0.01 

1 0.15 0.03 0.03 

2 0.20 1221 0.04 

3 1212 0.03 0.04 

4 0.32 0.04 0.04 

5 0.40 0.04 0.04 

6 0.50 0.04 0.05 

7 0.63 0.04 0.06 

8 0.80 0.06 0.07 

9 1.0 0.06 0.10 

10 1.27 0.09 0.10 

11 1.58 0.09 0.13 

12 2 0.13 0.15 

13 2.52 0.16 0.19 

14 3.17 0.19 0.23 

15 4.0 0.22 0.28 

16 5.03 0.30 0.37 

17 6.35 0.36 0.45 

18 8 0.44 0.57 

19 9.45 0.51 0.65 

20 11.90 0.64 0.81 

21 15 0.78 1 

22 18.90 0.97 1.22 

23 23.82 1.17 1.49 

24 30 1.44 1.81 

25 37.80 1.75 2.18 

26 60.00 2.12 2.61 

27 76.00 2.53 3.12 

28 95.00 3.06 3.74 

29 120.00 3.62 4.44 
 
 

A=  
4

2
Dπ =3.14*9.96

2
/4=77.91   

I=
L

H
∆

∆ =20000/(9.81*5.2)=392.06  (group 1.  BP=200 Kp ) 

K=Q/AI=[(3.62-0.09)/[(120-1.27)*60]/[(77.9*392.06)]=1.62*10
-8   

cm/sec 

 

I=
L

H
∆

∆ =30000/(9.81*5.2)=588.09  (group 1.  BP=300 Kp ) 

K=Q/AI=[(4.44-0.10)/[(120-1.27)*60]/[(77.9*588.09 )]=1.69*10
-8   

cm/sec 

 

Kav =1.65*10
-8   

cm/sec 
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Table2. The output data for group 2 specimens. 

 

Group 2. specimens 

 

180 days 

Back pressure = 300KPa 
 

Cell pressure=350KPa 

Back pressure= 200KPa 
 

Cell pressure=250KPa 

Row Time(min) Volume change(ml) Volume change(ml) 

0 0 0.02 0.01 

1 0.15 0.04 0.04 

2 0.20 0.05 0.04 

3 0.25 0.05 0.03 

4 0.32 0.05 0.05 

5 0.40 0.07 0.04 

6 0.50 0.09 0.05 

7 0.63 0.11 0.07 

8 0.80 0.14 0.10 

9 1.0  0.17 0.13 

10 1.27 0.21 0.15 

11 1.58 0.25 0.18 

12 2 0.31 0.22 

13 2.52 0.37 0.28 

14 3.17 0.46 0.34 

15 4.0 0.57 0.43 

16 5.03 0.71 0.51 

17 6.35 0.86 0.64 

18 8 1.00 0.73 

19 9.45 1.22 0.92 

20 11.90 1.47 1.10 

21 15 1.78 1.35 

22 18.90 2.16 1.64 

23 23.82 2.62 1.98 

24 30 3.14 2.41 

25 37.80 3.78 2.91 

26 60.00 4.54 3.51 

 

 

A=  
4

2
Dπ =3.14*10.2

2
/4=81.71 cm

2
   

I=
L

H
∆

∆ =20000/(9.81*5.0)=407.74  (group 2.  BP=200 Kp ) 

K=Q/AI=[(3.51-0.15)/[(60-1.27)*60]/[(81.71*407.74)]=2.86*10
-8   

cm/sec 

 

I=
L

H
∆

∆ =30000/(9.81*5.0)=611.62  (group 2.  BP=300 Kp ) 

K=Q/AI=[(4.54-0.21)/[(60-1.27)*60]/[(81.71*611.62 )]=2.45*10
-8   

cm/sec 

 

Kav =2.65*10
-8   

cm/sec  

(The quantity of fine aggregates, in two specimens is not equal).   
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4. CONCLUSION 
 

In order to determine the hydraulic permeability of concrete by three axial apparatus, 

control of saturation, passing debit and applied pressure conditions were performed 

accurately by digital systems and obtained results are reliable. 
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