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ABSTRACT:  One of the major factors which controls the serviceability life of a concrete structure is 
its durability. Since the durability is dependent mainly on the permeability, some standards such as BS 
EN 12390-8 and DIN 1048-5 are aimed for water permeability assessment of concrete. Based on these 
standard test methods, a constant pressure is applied to the concrete surface, perpendicular to casting 
direction for a specific period of time. Since the applied water  pressure, test duration and the direction 
of casting affect the concrete permeability, 150mm concrete cubes with water/cement ratios of 0.4, 0.5 
and 0.6 were prepared and at the ages of 7, 28 and 91 days (after water curing) the permeability of the 
cubes was investigated, using “Cylindrical chamber” method. The results show that the penetration 
depth and volume in the casting direction are lower than the respective values, obtained in the direction, 
perpendicular to casting. It was also observed that, regarding the water/cement ratio, the exponent of 
the power function used to approximate the relation of penetration depth and volume with pressure, 
is approximately constant at a specific age and testing direction. This issue wasn’t observed when 
approximating the relation of penetration depth and volume with test duration, using the power function. 
A linear relationship between the penetration depth and the penetration volume was also observed.
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1-INTRODUCTION
Water permeability of concrete, can be measured as a factor 

of its durability. Penetration of water containing harmful 
substances damages concrete through the freeze-thaw cycles, 
corrosion of reinforcement, chemical and physical changes. 
So, due to the importance of water permeability, researchers 
are attracted to evaluate the concrete permeability, using both 
laboratory and in-situ methods [1-5]. Some standard test 
methods exist for this purpose such as BS EN 12390-8 [6] and 
DIN 1048-5 [7]. Based on the instruction described in these 
standards, water under the pressure of 0.5 MPa is applied to 
the concrete surface, perpendicular to casting direction for 72 
hours. As it is expected, the applied pressure, test duration 
and the direction of testing are important factors affecting 
the concrete permeability. So, the effects of the mentioned 
parameters on the permeability of the concrete samples with 
different water/cement ratios, and different curing periods are 
studied in this investigation, using the “Cylindrical chamber” 
method [8].

2-EXPERIMENTAL PROGRAMS
Cubic samples of 150×150×150 mm dimension with 

different water/cement ratios of 0.4, 0.5 and 0.6 were tested 
after 7, 28 and 91 days of curing. Water pressures of 0.1, 0.25, 
0.5, 0.75 and 0.95 MPa with the test durations of 0.5, 1.5, 2.5 

and 3.5 hours were used for this purpose. The “Cylindrical 
chamber” apparatus used for permeability measurements is 
shown in Figure 1. The apparatus is attached to the concrete 
surface using epoxy adhesive and the cylindrical chamber is 
filled with water. By turning the pressure handle, pressure is 
set to the desired value and the micrometer is read. During the 
testing process, the reduction in the height of the water inside 
the cylindrical chamber, the volume of the penetrated water is 
calculated. Having completed the test, the concrete sample is 
split into halves and the penetration depth is measured.

3-RESULTS AND DISCUSSIONS
The ratio of the water volume, penetrated at the casting 

direction, to the respective values, obtained thorough the 
direction, perpendicular to casting, is shown in Figure 2. It is 
observed from this figure that the penetration volume ratios 
are smaller than 1. This means that the permeability in casting 
direction is lower than that of the direction perpendicular 
to casting. This can be due to the better compaction of the 
concrete layers due to their weights which results in less 
interconnected pores in casting direction. According to the 
results obtained during these experiments, the same trend 
tends to exist for the penetration depth ratio. The average 
penetration depth ratio is calculated 0.81.

The relation between the penetration volume (or depth) 
and the pressure at a specific test duration and direction is 
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evaluated using power function. The obtained exponents 
from the power function are summarized in Table 1.

From Table 1, it is observed that regarding the water/
cement ratio, the exponent of the power function is 
approximately constant for the samples of a specific age 
and testing direction. It is seen that, the obtained exponent 
changes, when the testing direction or the age of the sample 
is different. It is also observed that the exponent obtained 
for casting direction at a specific age and older samples is 
lower than that of the direction perpendicular to casting and 
younger samples, due to the lower permeability. The same 
trend is seen for the penetration depth.

The same procedure was carried out to approximate the 
relation between penetration volume (or depth) and test 
duration at a specific pressure test and direction. For example, 
the relation between the penetration depth and test duration 
for the samples cured for 28 days and an applied water pressure 
of 0.15 MPa in casting direction is shown in Figure 3. From 
Fig.3, it is seen that although there is a strong relation between 

the penetration depth and the test duration using the power 
function, but the calculated exponent changes randomly. 
Factors such as connectivity of the pores, deformation of the 
pores due to the applied water pressure and the change of the 
water transport mechanism in the pores which are saturated 
compared to the dried pores which absorbs more water are 
the probable reasons for this issue.

The relation between the penetration depth and volume 
is evaluated using a regression approach and shown in Figure 
4. From this figure, it is seen that there is a linear relation 
between the penetration volume and the water penetration 
depth. The calculated coefficient of determination (equal to 
0.9651) shows a strong relation between the two parameters.

4-CONCLUSIONS
The “Cylindrical chamber” method was employed for 

measuring the water permeability of concrete samples with 
different water/cement ratios. The penetration of water in 
the direction of casting and in the direction of perpendicular 

 

Figure 1. “Cylindrical chamber” apparatus. 

  

0
5

10
15
20
25
30

N
um

be
r 

of
 S

am
pl

es

Penetration Volume Ratio
 

Figure 2. Penetration volume ratio. 
  

Fig. 1. “Cylindrical chamber” apparatus. Fig. 2. Penetration volume ratio.

Table 1. The exponents n and m obtained from power function to predict the penetration volume-pressure (V=a.Pn) and 
penetration depth-pressure relation (d=b.Pm) 

 

          

        
 

            
 

            
 

 

        
 

            
 

            
 

 

 

Table 1. The exponents n and m obtained from power function to predict the penetration volume-pressure (V=a.Pn) and penetration depth-
pressure relation (d=b.Pm)
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to the casting direction, under different water pressure and 
the testing duration were among the parameters that were 
studied during these investigations. It is concluded that the 
permeability in casting direction is lower than that of the 
direction perpendicular to casting. It was also observed that 
the relation between penetration volume (or depth) with the 
applied water pressure and the test duration can be estimated 
using power function. The exponent of the penetration 
volume (or depth)-pressure relation is approximately 
constant for a specific testing direction and age of the 

 

 

 

 

 

Figure 3. The relation between penetration depth and test duration for an applied pressure of 0.15 MPa in casting direction 
after 28 days of curing. 
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Figure 4. The relation between penetration depth and penetration volume. 

 

Fig. 3. The relation between penetration depth and test duration 
for an applied pressure of 0.15 MPa in casting direction after 28 

days of curing.

Fig. 4. The relation between penetration depth and penetration 
volume.

sample. The exponent obtained to estimate this relation in 
casting direction is lower than that of the perpendicular to 
casting direction. This issue wasn’t seen for penetrated water 
volume (or depth)-test duration relation. It was also seen 
that the obtained exponent changed randomly depending 
on the testing direction, water pressure magnitude and the 
age of the sample. A linear relation between the penetration 
volume and the penetration depth was also seen to exist 
between relative measured values.
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