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 

Abstract:Steel Fibre Reinforced Concrete is used in a number 

of applications such as ground slabs, shotcrete, pavements etc to 

enhance the performance of plain and reinforced concrete. The 

study on durability characteristics of fiber reinforced concrete is 

scanty and hence the study on permeability is essential. This paper 

deals with the study on the permeability of steel fibre reinforced 

concrete. Deformed Steel fibres with different volume fraction 

were used in this study.  Permeability was observed to decrease 

significantly with the addition of fibres and it continued to 

decrease with the increase in fibre content. Permeability tests were 

conducted using permeability test apparatus as per IS 3085 -1965. 

Mathematical equations were derived to determine the 

permeability using the parameters, volume fraction of fibers,and 

age of curing. 

 
Keywords :Steel fibre reinforced concrete; fibre content, 

Coefficient of permeability; Age of concrete. 

I. INTRODUCTION 

In many researches, identified that, the presence of fibers 

especially steel fibers significantly improve the various 

properties of concrete such as compression, tension, flexure 

and shear. In most practical cases, the well designed concrete 

structures may hold well in strength criterion aspect but some 

laggings are seen in the durability aspects. Even though many 

experimental works have been reported on strength and other 

aspects on fibre concrete, still there is need to work more on 

the durability characteristics to improve the performance of 

concrete in all domains. The permeability study will 

determine the durability performance of concrete. In the past 

researches, the effect of various factors like cement type, 

cement grade, aggregate size, curing methods will impact on 

the permeability factor. In this study, it is planned to 

investigate permeability of concrete on different mix ratios 

along with the various proportions of steel fiber content.  

II. MATERIAL USED 

The materials used in this study were ordinary Portland 

cement (53 grade), fine, coarse aggregate, and deformed steel 

fibres. The cement and aggregates were tested to fulfill all the 

requirements of IS:8112 and IS 383, respectively. Deformed 
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steel fibres having an aspect ratio of 60 (0.6mm in diameter 

and 36mm long) were used in this study. 

III. EXPERIMENTAL INVESTIGATION 

The concrete mix design was arrived using IS method for 

this experimental study M20 and M40 was 1:1.85:2.5:0.45 

and 1:1:1.6:2.3:0.45 respectively. Initially the concrete is 

prepared by the constituents in the dry state. Then the steel 

fibers were dispersed gradually to achieve uniform 

distribution in the dry mixture of steel fibre reinforced 

concrete. Then the water was introduced to prepare the wet 

mix. Care should be taken while adding water to the dry mix 

to avoid bleeding and segregation issues. Cylindrical 

specimens of size 100 mm (diameter) x 100 mm (height) is 

considered for permeability studies for both mixes. Totally 

90 cylindrical specimens were cast to permeability test 

against 7, 14 and 28 days curing and 0%, 1%, 2% 3% and 4 % 

fibers content in the volume fraction. As per the standards of 

IS 3085, the permeability tests were conducted. The principle 

behind the test is, to apply the known hydrostatic pressure 

from one end by allowing the measured amount of water to 

percolate in the casted cylindrical concrete specimen in the 

regular time interval and by which the coefficient of 

permeability can be calculated.  The cylindrical concrete 

specimen is placed on the permeability mould unit of size 110 

mm (diameter) x 110 mm (height). The test set up comprises 

of permeability mould unit, graduated capillary glass tube 

and values for controlling the flow of water. When the test is 

initiated, the amount of percolated water and the 

corresponding graduated glass tube readings were observed 

and recorded at some regular intervals.  

The permeability coefficient can be calculated by the 

formula mentioned below: 

HA

LQ
K

*

*
  (1) 

 

Where, K  -Permeability Coefficient in m/sec 

Q  -Discharge rate in m
3
/ sec 

L  -Specimen dimension in the direction of flow, m 

A  -Cross sectional area of the specimen, m
2
and  

H  -Flow able water head, measured in m 

IV. RESULT AND DISCUSSION 

The values of coefficient of permeability based on 

experimental and regression equation for M20 and M40 

grade concrete were tabulated 

in Table 1 against the various 

volume fraction of steel 
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fibers and age of curing days. For without steel fibers, the 

values of coefficient of permeability are 58.01 x 10 
-12

 m/sec, 

41.44 x 10 
-12

 m/sec and 27.62 x 10 
-12

 m/sec for the age of 7 

days, 14 days and 28 days respectively. This show that 

concrete become impermeable as the age of curing increased; 

due to the process of hydration volume of pores were 

reduced.  If the volume of steel fibers increased to 4 %, the 

values of coefficient of permeability decreased drastically to 

61% and 65% for M20 and M40 grade of concrete 

respectively. Due to the increased cement content in the M40 

grade, there will higher hydration process and thereby 

reduction of pores is also higher. Figure 1 and 2 shows that 

the graph plotted between coefficient of permeability and age 

of curing for M20 and M40 grade of concrete. The 

impermeability is directly proportional to the age of curing of 

the concrete even in the presence of steel fibers also.  

The coefficient of permeability is reduced radically to 55% 

and 62% for upto 2 % of steel fibers for M20 and M40 grade 

respectively for the age of curing in 28 days as shown in 

figure 3. If the steel fibers are increased to 3%, the coefficient 

of permeability is marginally increased. If the steel fibers are 

still extended to 4%, there is a constant level in the 

impermeable nature on both grades of concrete due to the 

clustering effect of steel fibers. In this condition, the FRC has 

no proper workable nature and non homogenous mixing of 

constituents. 

 

Table- I: Values of Coefficient of Permeability 

Volume 

fraction 

of 

fibers 

Age of 

curing 

(Days) 

Coefficient of permeability  

(10 –12 m/sec) 

Based on 

Experiment 

Based on 

Eq. 1 

Based on 

Eq. 2 

M20 M40 M20 M40 

0 % 

7 58.01 38.87 40.41 27.80 

14 41.44 29.03 27.98 19.52 

28 27.62 20.06 19.38 13.71 

1 % 

7 41.67 32.54 38.45 26.41 

14 30.34 23.87 26.02 18.13 

28 21.08 17.12 17.42 12.32 

2 % 

7 25.04 20.58 36.49 25.02 

14 17.22 13.28 24.06 16.74 

28 12.53 8.86 15.46 10.93 

3 % 

7 21.28 16.83 34.53 23.63 

14 14.64 10.78 22.10 15.35 

28 10.65 7.8 13.50 9.54 

4 % 

7 20.22 15.65 32.57 22.24 

14 13.91 9.83 20.14 13.96 

28 10.12 6.97 11.54 8.15 

In order to verify the experimental data by statistically, 

regression analysis was carried out to determine the best-fit 

relationship between coefficient of permeability, curing days 

and percentage volume fraction of fibers for the mix M20 and 

M40 grade of concrete.  

The best-fit equation 1 and 2 is obtained for M20 and M40 

grade concrete and it is given below: 

                          
           + 42.97        (2) 

                           
           + 30.29        (3) 

Where,  K-Coefficient of permeability in m/sec 

D  - Age of curing in days 

Sf - Volume fraction of steel fibers in percentage 

 

 

Fig. 1. Coefficicent of Permeability Vs Age of curing  for 

M20 concrete 

 

 

Fig. 2. Coefficicent of Permeability Vs Age of curing  for 

M40 concrete 

 

Fig. 3. Coefficicent of 

Permeability Vs Steel fibers  

(M20 & M40) 
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The comparison of coefficient of permeability values 

based on experimental results and regression equation with 

volume fraction of steel fibers is tabulated table 1 and the 

graph is plotted on figure 4 and 5 respectively for M20 and 

M40 grade concrete. It is clearly understood that the 

experimental values of coefficient of permeability and 

regression values are correlated in the range of plus or minus 

25. 

 

 

Fig. 4. Comparision of experiemental and equation values 

(M20) 

 
 

Fig. 5. Comparision of experimental and equation values 

(M40) 

V. CONCLUSIONS 

1) Addition of steel fibers into concrete resulted in 

significant decrease in permeability due to arrest of 

plastic shrinkage cracks. 

2) The decrease in permeability with the addition of steel 

fibers continued with increase in volume of fraction of 

fibers. 

3) Permeability of steel fiber reinforced concrete decrease 

with increase in fiber content. 

4) The Permeability of steel fiber reinforced concrete as 

well as plain cement concrete decreased with increase in 

cement content. 

5) Theoretical equations have been developed for 

permeability in terms of, age of concrete and volume 

fraction of steel fibers and the theoretical values were 

found to correlate in good agreement with the 

experimental values. 
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