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Abstract: There are numerous factors that affect the 

performance of concrete in terms of strength and durability 

aspects. Amongst, the pores in the concrete are the one which is 

playing a foremost role in deciding strength and durability 

characteristics. The presences of pores in the concrete are due to 

inferior quality of concrete ingredients, lack of w/c ratio, improper 

compaction, poor workmanship etc. Many past studies reveal that 

the presence of fillers materials may reduce the pores on the 

concrete. But at the same time, the strength and durability should 

improve a lot. Under these circumstances, the presence of steel 

fibres in the concrete will give a better solution to arrest the pores 

and furnish desired results in all aspects. This study is made an 

attempt to establish the relationship between porosity and 

compressive strength on the various proportions of steel fibres of 

M20 and M40 grade concrete. 

Keywords : Steel fibre reinforced concrete; fibre content, 

Compressive strength; Porosity 

I. INTRODUCTION 

The past researches prescribed that the strength and 

durability properties of any type of concrete are affected by 

the numerous factors such as water-cement ratio, grade of 

concrete, curing conditions, quality of concrete ingredients, 

compaction and mixing of concrete etc. Among the all, the 

most important one is improper compaction and due to that, 

there may be a chance of voids / pores in to the concrete and 

that leads to an aggressive manner of strength reduction 

phenomenon. In order to reduce the pores on concrete, fillers 

can be used as indicated in many literatures. The fillers can be 

either minerals or fibrous materials. In order to enhance the 

durability as well as strength related properties, fibres can be  

preferred. In this experimental study, it has been planned to 

establish the correlation of porosity and strength of the 

concrete where steel fibers are added to serve as filler 

materials or a void arrestors. For establishing the relationship 

between the porosity and strength, it is decided to conduct an 

experimental test of compression and water absorption on 

different grades (M20 grade and M40 grade) on the different 

proportions (0%, 1%, 2%, 3% and 4%) of steel fibres. 

II. MATERIAL USED 

The concrete constituent materials used in this 
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experimental study were ordinary portland cement (53 

grade), fine aggregate, coarse aggregate, and deformed steel 

fibres of aspect ratio of 45. In order to verify the quality of 

cement and aggregates, they are tested in the concrete 

laboratory as per the standard requirements of IS:8112 and IS 

383, respectively. Deformed steel fibres having an aspect 

ratio of 45 (0.6 mm in diameter and 25 mm long) were used in 

this study. The water to be used for mixing the ingredients 

will be potable drinking water standards.  

III. EXPERIMENTAL INVESTIGATION 

By using IS 10262, the concrete mix was adopted for this 

experimental study is 1:1.74:2.45:0.45 and 

1:1:1.52:2.28:0.45 for M20 grade and M40 grade 

respectively. First the dry state of mixing is prepared by 

mixing the constituents of cement and fine aggregate, then 

coarse aggregate. Then the calculated quantity of steel fibers 

was spread out uniformly without any bunching effect. Once 

the dry state of fibre reinforced concrete is ready, the 

calculated quantity of water as per mix design is poured 

slowly and wet mix is carefully prepared without any slumps, 

bleeding problems. The prepared fresh concrete is filled in to 

the respective moulds with adequate compaction. For both 

compression and porosity tests, cube specimens of 150 mm x 

150 mm x 150 mm were casted for both the mixes. As in 

total, 180 cube specimens were casted for both the tests and 

grades against 7, 14 and 28 days of age of curing and 0%, 1%, 

2% 3% and 4 % of volume fraction of fibres content. The 

compression tests were conducted in the compression testing 

machine of 200 tonnes capacity. The tests were performed 

out at a standardized stress rate of 14 N/mm
2
/min, once the 

specimen is kept centered in the machine. Water absorption 

test were conducted on the casted cube specimens to find the 

porosity values. The specimens were allowed to place in hot 

air oven in the standard temperature of 120 degree 

temperature. The dry weights of the specimen are to be taken 

before and after placing oven. It was noted as W1 and W2. 

The weight differences of these specimens against the initial 

dry weight are taken for the calculation of volume of pores to 

estimate the porosity. The porosity (volume of pores in 

percentage) can be calculated by the formula mentioned 

below: 
𝑊1− 𝑊2

𝑊1
 𝑥 100                   (1) 

Where, W1  - Initial weight of the specimen before oven 

             W2 – Final weight of the 

specimen after oven 
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IV. RESULT AND DISCUSSIONS 

The results of compressive strength test and water 

absorption test for M20 and M40 grade concrete were 

tabulated in Table 1 against the different percentages of steel 

fibers and curing days. For without steel fibers, the 

compression test values are 15.13 N/mm
2
, 20.18 N/mm

2
 and 

24.03 N/mm
2
 for 7 days, 14 days and 28 days curing 

respectively for M20 grade concrete. In case of M40 grade 

concrete, the compression test values are 26.04 N/mm
2
, 35.41 

N/mm
2
 and 40.71 N/mm

2
 for 7 days, 14 days and 28 days 

curing respectively. It seems that, the strength is more for 

higher grades due to the increase of cement content. The 

compressive strength values are increased due to the increase 

in age of curing days. When the age of curing days are more, 

the rate of hydration process are almost completed. In 

addition of 1% of steel fibers in to the concrete, the 

compressive strength is increased by 12.5 % and 7 % for M20 

and M40 grade concrete. If the steel fibers content is 

increased to 2 %, there is an increase in compression strength 

of 32 % for M20 grade and 27 % for M40 grade concrete.  

When the steel fibers are added further to 3 %, strength of the 

fibre concrete has strated to decrease for both the grade of 

concrete. The decreasing trend is continued for further 

increase in steel fibers (4%) and there by around 20 % 

reduction in the strength when compared to 2 % of steel fibers 

as seen in Figure 1. It is seen that from Figure 2, the test 

values are almost to be same for 1 % and 4 % of steel fibers in 

to the concrete. By seeing that, it the addition of steel fibers 

can be optimum up to 2% and by further additing, it doesn’t 

giving fruitful result, due to the non-uniform mixing of steel 

fibers. Therefore the test results showing an evident that, 

grade of concrete, age of curing and addition of steel fibers up 

to optimum dosage is playing a vital role in determining the 

strength of the concrete.  

Table- I: Experimental Results 

 

Volume 

fraction of 

fibers 

Age of 

curing 

(Days) 

Compressive 

strength 

(N/mm2) 

Porosity 

(%) 

M20 M40 M20 M40 

0 % 

7 
15.13 26.04 8.43 7.13 

14 
20.18 35.41 7.28 6.39 

28 
24.03 40.71 6.72 5.66 

1 % 

7 
17.03 27.51 7.37 6.14 

14 
22.52 35.79 6.41 5.49 

28 
27.46 43.65 5.95 4.94 

2 % 

7 
23.66 33.05 6.53 5.12 

14 
30.37 43.58 5.79 4.59 

28 
35.32 52.84 5.28 4.11 

3 % 

7 
22.18 30.48 6.91 6.20 

14 
29.02 41.13 5.98 5.52 

28 
34.78 48.26 5.39 4.43 

4 % 

7 
16.77 26.86 7.92 6.71 

14 
22.92 35.94 6.91 5.68 

28 
27.95 43.23 6.14 5.16 

The porosity test values are 6.72 %, 5.95 %, 5.28 % for 

M20 grade concrete and 5.66 %, 4.94 %, 4.11 % for M40 

grade concrete against 0%, 1% and 2 % of addition of steel 

fibers respectively. Generally by the presence of rich mix, the 

volume of pores reduced. This is happening because the fine 

cement particles occuying the pores. In figure 3, it is 

observed that, the volume of pores are getting reduced when 

percentage of steel fibers are increased upto 2 %. By the 

presense of 2 % of volume fraction of steel fibers 22 % of 

pores are arrested for M20 grade and 27 % of pores for M40 

grade concrete. When the steel fibers are increased beyond 2 

%, the pores are getting increased due to the non-uniform 

disperse of steel fibres. From Table 1, it is also seen that, by 

increase in the age of curing days, the volume of pores are 

getting reduced due to the occupancy of hydration products in 

to the pores. 

 

Fig. 1. Compressive Strength Vs Steel Fibers  for both 

grades 

 
Fig. 2. Compressive strength Vs Age of curing  for M20 

concrete
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Fig. 3. Porosity Vs Steel fibers  for both grades 

 

Based on the experimental results, regression analysis is 

carried out to estabilish the relationship between porosity and 

compressive strength for M20 and M40 grades of fibre 

reinforced concrete. Based on Figure 4 and 5, it is understood 

that the volume of pores is directly affecting the strength of 

the factor for both the grades. For the range of 5% to 6 % 

pores, the strength reduction is estimated as 18 %  for M20 

grade 10 % for M40 grade. For pores in the range of  6 % to 7 

%, the strength is further reduced to around 30% to 35 % and 

when the pores ranges is around 7% to 8%, the strength is 

drastically reduced to 50 to 55% for both the grades of fibre 

reinforced concrete. The presence of steel fibres enhancing 

the reduction of pores and thereby the strength of the concrete 

getting increased. 

 

Fig. 4. Relation between Porosity Vs Compressive 

Strength for M20 

 

Fig. 5. Relation between Porosity Vs Compresive Strength 

for M40 

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

grade concrete for estimating the compression strength of the 

fibre reinforced concrete, once the volume of pores are 

known.  

𝐶𝑆 =  −6.621 𝑃 + 68.32               (1) 

𝐶𝑆 =  −9.784 𝑃 + 93.67              (2) 

Where,  CS  = Compressive Strength of the FRC in N/mm
2
 

              P    = Porosity in % 

Sf  = Volume fraction of steel fibers in percentage 

It is clearly understood that the experimental values and  and 

regression values of compression strength are estabilished 

and well correlated in the range of plus or minus 25. 

V. CONCLUSIONS 

1) Addition of steel fibers into concrete and rich mixes 

resulted in enhancement of compressive strength and 

significant decrease in porosity due to seizing of pores 

by the fibres.  

2) The decrease in volume of pores with the addition of 

steel fibers continued with increase in volume of fraction 

of fibers up to 2 %. 

3) After 2 %, the compressive strength is reduced along 

with increase in porosity values.  

4) The porosity of steel fiber reinforced concrete as well as 

plain cement concrete decreased with increase in the age 

of curing.  

5) Theoretical equations have been developed for 

compressive strength in terms of, porosity and the 

theoretical values were found to be well correlate in with 

the arrived experimental test results. 
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