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Abstract— In this modern age, civil engineering 

constructions have their own structural and durability 

requirements, every structure has its own intended purpose 

and hence to meet this purpose, modification in traditional 

cement concrete has become mandatory. It has been found 

that steel fibers added in specific percentage to concrete 

improves the mechanical properties, durability and 

serviceability of the structure. It is now established that one 

of the important properties of steel fiber reinforced concrete 

(SFRC) is its superior to cracking and crack propagation. In 

this paper effect of steel fibers on the durability of concrete 

for M40 grade have been studied by varying percentage of 

steel fibers in concrete. Steel Fiber content was varied by 

0.75%, 1.0%, and 1.25% by volume of concrete. Water to 

cement ration was maintained 0.40 throughout the project 

work. Concrete cubes of size 150mmX150mmX150mm 

were tested for compressive strength, Resistance to Acid 

Attack, Water Absorption, Porosity, and Sorptivity after 28 

days curing. Cylinders of size 150mm dia. and 300mm 

height were tested for Split Tensile strength after 28days 

curing. 1.25% steel fiber added by volume of concrete 

exhibited enhanced durability properties with reference to 

resistance to Acid attack, Porosity, Water absorption and 

Sorptivity. 
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I. INTRODUCTION 

Concrete is a composite material composed mainly 

of water, aggregate and cement. Often, additives and 

reinforcements are included in the mixture to achieve the 

desired physical properties of the finished material. When 

these ingredients are mixed together, they form a fluid mass 

that is easily molded into any shape. Over time, the cement 

forms a hard matrix which binds the rest of the ingredients 

together into a durable stone-like material with many uses. 

Concrete is one of the most versatile building materials. It 

can be cast to fit in any structural shape from ordinary 

rectangular beam or column to a cylindrical water storage 

tank, in a high-rise building. It is readily available in urban 

areas at relatively low cost. Concrete is strong under 

compression but weak under tension. As such, a form of 

reinforcement is needed. The most common type of concrete 

reinforcement is by steel bars. The advantages in using 

concrete include high compressive strength, good fire 

resistance, high water resistance, low maintenance, and long 

service life. The disadvantages in using concrete include 

poor tensile strength, and formwork requirement, relatively 

low strength per unit weight. Tensile strength of concrete is 

typically 8% to 15% of its compressive strength. This 

weakness has been dealt with over many decades by using a 

system of reinforcing bars to create reinforced concrete, so 

that concrete primarily resists compressive stresses and 
reinforcement resist tensile and shear stresses. Cracks in 

reinforced concrete members extend freely until 

encountering a rebar and this is where the need for 

multidirectional and closely spaced reinforcement for 

concrete arises, this is where the steel fiber reinforced 

concrete (SFRC) comes into picture. 

A. Steel Fiber Reinforced Concrete 

Fiber reinforced concrete (FRC) is concrete containing 

fibrous material which increases its structural integrity. It 

contains short discrete fibers that are uniformly distributed 

and randomly oriented. Fibers include steel fiber, glass fiber, 

synthetic fiber and natural fiber – each of which lead 

varying properties to the concrete. In addition, the character 

of fiber-reinforced concrete changes with varying concretes, 

fiber materials, geometries, distribution, orientation, and 

densities. 

Durability is one of the most important aspects of 

concrete due to its fundamental incidence in the 

serviceability life of structures. The structures must be able 

to resist the mechanical actions, the physical and chemical 

aggressions they are submitted during their expected service 

life. In this respect, cracking plays a key role in the 

durability of concrete structures. Due to this fact it is 

necessary to establish measures in order to maintain the 

cracks under limit that imply a non-significant risk for the 

durability of structural elements. In this context, steel fibers 

are presented as a solution for this problem, since due to 

steel fiber reinforcement mechanisms like the concrete 

ductility and post-cracking resistance can be significantly 

improved. Though much research has been performed to 

identify, investigate, and understand the mechanical traits of 

steel fiber reinforced concrete (SFRC), little research has 

concentrated on the transport properties of this material. 

Material transport properties, especially 

permeability, may affect the durability and integrity of a 

structure. The increase in concrete permeability, due to the 

initiation and propagation of cracks, provides ingress of 

water, chlorides and other corrosive agents, facilitating 

deterioration. It is widely reported that Steel fiber corrosion 

is much less severe as compared with steel reinforced of 

concrete structures. 

B. Objectives of the study: 

In the current work it is aimed to study the behavior of steel 

fiber reinforced concrete at different % of reinforcement and 

compare it with the conventional concrete with reference to 

the following properties. 

 Resistance to acid attack. 

 Water absorption. 

 Sorptivity. 

 Porosity. 

 Compressive strength. 

 Split tensile strength. 
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II. EXPERIMENTAL PROGRAMME 

A. Materials Used 

The materials that are used in this experiment are cement, 

steel fiber, fine aggregates, coarse aggregates, super 

plasticizer and water. 

1) Cement:  

OPC 53 grade cement from a single batch has been used 

throughout the course of the project work, properties of 

cement are shown in table 2.1 

2) Fine aggregates:  

Locally available river sand belonging to zone II of IS 383-

1970 has been used in this project work. The fine aggregate 

Fineness Modulus = 3.16 and Specific Gravity= 2.66 

3) Coarse aggregate:  

Crushed ballast stone of size 12mm down confining to IS 

383-1970. The results of sieve analysis conducted as per the 

specification of IS: 383-1970. Specific Gravity= 2.8 and 

Bulk density = 1710 kg/m
3
 

4) Super plasticizer:  

Super plasticizer used in the present investigation is 

FOSROC CONPLAST SP430. The optimum dosage for 

different water cement ratio is found out by conducting 

marsh cone test and the details of super plasticizer is given  

in table.2.2 

5) Steel fiber:  

Shaktimaan steel fibers of round crimped type manufactured 

by M/s. Stewols India (P) Limited, Nagpur were used in the 

present experimental work. Details of Steel fibers used in 

this present work are shown in table 2.3 

6) Water:  

Potable water was used in the present investigation for both 

casting and curing. 

Sl no. Properties Results 

1 Specific Gravity 3.08 

2 Normal consistency 34% 

3 Initial setting time 40 min 

4 Final setting time 190 min 

Table 2.1: Properties of cement. 

Sl 

no. 
Characteristics Value 

1 Colour Brown liquid 

2 Alkali content 
Typically less than 1.5g Na2O 

equivalent/litre of admixture 

3 
Chloride 

content 
Nil as per IS:9103-1999 

4 Specific gravity 1.20 to 1.22 at 30
0
C 

Table 2.2: Technical data of super plasticizer CONPLAST 

SP430 as supplied by FOSROC chemicals 

Length 30mm 

Diameter 0.55 mm 

Appearance Clear & bright 

Aspect ratio 54 

Table 2.3: Properties of steel fiber 

B. Mix Design:  

The mix proportions were calculated as per IS.10262-2009. 

The mix proportions are presented in below table. 

Mix Proportions for Water Cement Ratio 0.40 

Water 187.2 litres 

Cement 468 kg/m
3
 

Fine Aggregates 926.573 kg/m
3 

Coarse Aggregate 862.459 kg/m
3
 

Super Plasticizer 5.616 kg/m
3 

C. Test Specimens:  

A total number of 120 cubes of size 

150mmX150mmX150mm, 32 cylinders of size 150mm 

diameter, 300mm height and are designated as 0F, 0.75F, 

1.0F, and 1.25F for the concrete with 0.40 w/c ratio along 

with super plasticizer. In all the designations 0, 0.75, 1.0, 

and 1.25 indicates the % of steel fiber by volume of concrete 

reinforced in the concrete. 

D. Testing 

1) Resistance to Acid Attack:  

The chemical resistance of the concrete was studied through 

chemical attack by immersing concrete blocks in an acid 

solution. After 28 days period of curing, the specimens were 

removed from the curing tank and their surfaces were 

cleaned with a soft nylon brush to remove weak reaction 

products and loose materials from the specimen. The initial 

weights were measured and the specimens will be made to 

identify with a number. Then specimens will be immersed in 

3% H2SO4 solution and the pH 4 is maintained constant 

throughout the test. The solution was replaced at regular 

intervals to maintain constant concentration throughout the 

test period. The weight of specimen was measured at regular 

intervals up to 30 days, and loss in weight was determined. 

The resistance to acid attack was obtained in terms of 

percentage loss in weight. Specimens kept in a acid on day 

one of test are shown in plate 2.1 and specimens after 15 

days of immersion are shown in plate 2.2 

2) Water absorption test: 

After 28 days curing the specimens are to be taken out from 

curing tank. Specimens are dried in an oven at 105
o
C for 24 

hours. The dried specimens were cooled to room 

temperature, weight accurately and noted as dry weight. Dry 

specimens were to be immersed in water container. Weight 

of the specimen at predetermined intervals was taken after 

wiping the surface with dry cloth. This process is to be 

continued not less than 48 hours or up to constant weight are 

to be obtained in two successive observations. 

            
                           

          
     

3) Sorptivity: 

The Sorptivity of concrete is quantity that measures the 

unsaturated flow of fluids into the concrete. Sorptivity is a 

measure of the capillary forces exerted by the pore structure 

causing fluids to be drawn in to the body of the material. 

For one dimensional flow it can be stated that 

i = St
1/2 

Where i is the cumulative water absorption per unit 

area of inflow surface, S is the Sorptivity and t is the elapsed 

time. After 28 days of curing period the samples are 

preconditioned to certain moisture condition by drying the 

sample for 4 days at 50
0
 c and then allowed to cool in for 

three days. After the cooling process all the sides of the 

concrete samples are sealed, typically with a electrician’s 

tape. The initial weight of sample is taken at time 0 and was 
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immersed to a depth of 5-10mm in the water. At selected 

times (typically 1,2,3,4,5,9,12,16,20  and 25 minutes)  the 

sample was removed from the water, the stop watch was 

stopped, excess water was blotted off with a damp paper and 

the sample was weighed. That was then replaced in the 

water and the stopwatch was started again. The gain in mass 

per unit area over the density of water was plotted versus the 

square root of the elapsed time. The slop of the best fit line 

of these points (ignoring the origin) was reported as 

Sorptivity. Specimens with electrical insulation tape 

wrapped around the sides and which were kept in container 

for Sorptivity test are shown in plate 2.3 and 2.4. 

4) Porosity: 

Porosity is the measure of percentage of pores or air voids 

present in the specimen and for this air dried weight and 

under water weight was taken and exact dimensions of 

cubes were measured. After 28 days of curing period the 

specimens are taken out from the curing tank and allowed 

them to dry for 24 hours in a room, then using a spring 

balance and the basket the weight of specimens are taken 

once in air and once in water. Porosity is determined as 

follows. 

% porosity = ⌈    
       

           
⌉       

Where  W2 = Air dried weight in kg. 

W1 = weight under water in kg. 

   = density of water in Kg/cm
3
. 

Vol = volume of specimen in cm3. 

Specimen and basket setup are shown in plate 2.5 (a), 2.5 

(b) and 2.6 

5) Cube compression test: 

In this test cube specimens will be used for determining the 

characteristic compressive strength. The cube will be tested 

in a compression testing machine of capacity 3000KN. The 

load will be applied in such a way that, the two opposite side 

of the cube were compressed (top and bottom surface). The 

compressive strength was calculated by dividing the load by 

area. 

Compressive strength (Fc) =      
             

                                
 N/mm

2
 

6) Split Tensile Test: 

In this test a concrete cylindrical specimen of size 150mm 

dia x 300mm length cylinder will be placed between the 

platens of a compressive testing machine and the load 

applied through two landing pieces on two opposite faces. 

The tensile stress generated in the perpendicular plane 

causes a splitting failure along the center line of specimen. 

Split tensile strength    
  

   
  N/mm

2 

 
Fig. 1: Plate 2.1 Cubes immersed in acid for the test of 

resistance to acid attack. 

 
Fig. 2: Plate 2.2 Cubes after the test for resistance to acid 

attack 

Fig. 3: Plate 2.3 Cubes wrapped with tape kept for 

Sorptivity test in the container. 

 
Fig. 4: Plate 2.4 (a) Weighing process. 

 
Fig. 5: Plate 2.4 (b) Wrapping cubes with insulation tape. 
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Fig. 6: Plate 2.5 (a) Bucket for weighing specimens in air 

and water. 

 
Fig. 7: Plate 2.5 (b) Weighing of specimen in air. 

 
Fig. 8: Plate 2.6 Weighing of specimen in water. 

III. RESULTS AND DISCUSSION 

In this project work the observations were recorded for 

resistance to acid attack, water absorption, porosity, 

sorptivity, compressive strength and split tensile strength 

tests by varying the different percentage of steel fibers to be 

added. These observations lead to the study of durability 

properties of SFRC. 

A. Resistance to Acid Attack: 

The results and observations of acid resistance of the 

concrete for all mixes are recorded in table 3.1. Table 3.1 

represents the average percentage loss in weight and table 

3.5 represents compressive strength after 45 days of acid 

attack for four specimens. Fig 3.1 represents the variation in 

percentage loss for all mixes. Fig 3.8 represents comparison 

between compressive strength of 28days curing and 45days 

acid attack, Fig.3.9 Percentage loss in strength after 45days 

acid attack compared to respective mix, Fig.3.10 Percentage 

loss in strength after 45days acid attack compared to 0F mix 

It can be seen that when compared to conventional 

concrete the steel fiber reinforced concrete will be more 

resistance to acid attack, leading less loss in weight for 

concrete with steel fiber added. Within the different 

percentages of steel fiber reinforced, the 1.25% steel fiber 

reinforced by volume of its concrete is more resistant to the 

acid attack. 

B. Water Absorption: 

The results and observations of water absorption of concrete 

with all mixes are represented in table 3.2. It has been 

observed that the water absorption value of conventional 

concrete is more than the steel fiber reinforced concrete. It is 

also observed that as there is increase in steel fiber content, 

the water absorption got reduced. i.e. water absorbed by 

convention concrete 0%F, 0.75% F, 1.0%F, and 1.25%F is 

0.577 %, 0.5015%, 0.429% and 0.364% respectively. 

C. Sorptivity: 

The results and observations of Sorptivity of concrete for all 

mixes are recorded in table 3.3. Typical plots of water 

absorbed v/s √t are shown in fig. 3.2, 3.3, 3.4 and 3.5 with 

0%, 0.75%, 1.0% and 1.25% of steel fiber reinforced 

concrete respectively. It can be observed that when 

compared to convention concrete the Sorptivity value of 

steel fiber reinforced concrete is less, leading lower 

absorption capacity of the capillary pores of concrete with 

steel fiber reinforced. Within the different steel fiber 

reinforced, the 1.25F mix has lowest Sorptivity value. The 

percentage decrease in Sorptivity value for 1.25F was 

23.89% when compared to conventional concrete. As 

percentage of steel fiber reinforcement increases the 

Sorptivity value has decreased slightly. 

D. Porosity: 

The result and observations of porosity of concrete for all 

mixes are recorded in table 3.4. From results it was observed 

that there is a considerable decrease in porosity for steel 

fiber reinforced concrete when compared to conventional 

concrete. The maximum percentage decrease of 61.83 was 

observed for 1.25F mix. 

E. Compression test: 

The cube specimens are tested for compressive strength. The 

results at the age of 7 days and 28 days are obtained for both 

non-fibrous and steel fiber reinforced concrete and are 

presented in table 3.5. Fig.3.6 Compressive strength v/s 

volume fraction of steel fibers. 
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F. Split tensile test: 

The cylinder specimens are tested for split tensile strength. 

The results at the age of 7 days and 28days are obtained for 

both non-fibrous and steel fiber reinforced concrete and are 

presented in table 3.6. Fig.3.7 Split tensile strength v/s volume 

fraction of steel fibers.  

 

 

Sl 

no 

TEST RESISTANT TO ACID ATTACK 

Designation 

AVERAGE PERCENTAGE LOSS IN WEIGHT 

5 DAYS 10 DAYS 15 DAYS 20 DAYS 25 DAYS 30 DAYS 
35 

DAYS 

40 

DAYS 

45 

DAYS 

1 0F 0.419 1.007 2.626 3.804 5.801 7.010 8.782 9.544 9.934 

2 0.75F 0.388 0.846 2.579 3.753 5.705 6.677 8.445 9.173 9.419 

3 1.0F 0.341 0.895 2.660 3.484 5.518 6.508 8.425 8.983 9.322 

4 1.25F 0.312 0.880 2.446 3.148 5.193 5.907 7.807 8.378 8.537 

Table 3.1: Percentage losses in weight at every 5 days representing average of four specimens 

DESIGNATION 
% OF ABSORPTION 

(avg of 4 specimens) 

0 F 0.577 

0.75F 0.501 

1.0F 0.429 

1.25F O.364 

Table 3.2: Water absorbed by the specimen after 72 hours 

DESIGNATION 
SORPTIVITY (mm/minute) 

(avg of 4 specimens) 

0 F 0.343 

0.75F 0.297 

1.0F 0.282 

1.25F 0.277 

Table 3.3: Sorptivity values 

DESIGNATION 
% OF POROSITY 

(avg of 4 specimens) 

0 F 13.978 

0.75F 10.832 

1.0F 7.742 

1.25F 5.335 

Table: 3.4 Porosity values 

Specime

n type 

Compressive
*
 strength 

after 

7 days 

curing 

Compressive
*
 strength 

after 

28 days 

curing 

Compressive
*
 strength 

after 

45 days Acid 

Attack 

0F 41.04 50.59 34.52 

0.75F 46.12 54.13 39.97 

1.0F 48.32 56.12 45.65 

1.25F 51.25 58.65 52.47 

Table: 3.5 Compression strength values in N/mm
2 

 

Specimen 

type 

Split tensile
*
 

strength after 

7 days curing 

Split tensile
*
 

strength after 

28 days curing 

0F 2.92 3.77 

0.75F 3.58 4.18 

1.0F 3.81 5.19 

1.25F 4.23 5.92 

Table: 3.6 Split tensile strength values in N/mm
2
 

Note: In the table 3.5 and 3.6 * indicates average of  five 

specimens and average  of four specimens  respectively. 

 
Fig 9: Variation in percentage weight loss for different 

  % of steel fiber added. 

 
Fig 10: Slope value as Sorptivity for OF specimen. 

 
Fig 11: Slope value as Sorptivity for O.75F specimen. 
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Fig 12: Slope value as Sorptivity for 1.0F specimen. 

 
Fig 13: Slope value as Sorptivity for 1.25F specimen. 

 
Fig. 14: Compressive strength v/s volume fraction of steel 

fibers 

 
Fig. 15: Split tensile strength v/s volume fraction of  steel 

fibers 

 
Fig. 16: Comparison between compressive strength of 

28days curing and 45days  acid attack. 

 
Fig. 17: Percentage loss in strength after 45days acid attack 

compared to respective mix. 

 
Fig. 18: Percentage loss in strength after 45days acid attack 

compared to 0F mix. 

IV. OBSERVATIONS 

Based on experimental work conducted on durability and 

strength of SFRC following observations were made. 

1) Steel fiber reinforced concrete is more resistant to 

acid attack, when compared with conventional 

concrete. Highest resistance to acid is observed in 

case of 1.25% steel fiber reinforced concrete as 

indicated by lowest % loss in weight. i.e. 

conventional concrete has lost 9.934% of weight 

whereas 1.25F mix has lost 8.537% of weight. 

2) Water absorption of convention concrete is found to 

be higher than the steel fiber reinforced concrete. i.e. 

conventional concrete has absorbed 0.577% of water 

whereas 1.25F mix has absorbed 0.364 % of water. 

3) Porosity of steel fiber reinforced concrete is 

considerably less than that of conventional concrete. 

Lowest porosity was observed in case of 1.25F mix.  

i.e. Conventional concrete has porosity of 13.978%  

whereas 1.25F mix has porosity of about 5.335%. 

4) Sorptivity of steel fiber reinforced concrete is less 

than that of conventional concrete. Lowest Sorptivity 

was observed in the case of 1.25 % steel fiber 

reinforced concrete.  i.e. conventional concrete has 

Sorptivity value as 0.343 mm/minute whereas 1.25F 

mix has  Sorptivity value as 0.277 mm/minute. 

5) Among the four mixes 1.25F mix had more 

compressive strength than the conventional concrete. 

And also other mixes 0.75F and 1.0F also had more 

compressive strength than the convention concrete. 

i.e. 1.25F, 1.0F, 0.75F  had strength as 58.65 N/mm
2
 , 

56.12 N/mm
2
, 54.13 N/mm

2
  and conventional 

concrete has 50.59 N/mm
2
 as after 28 days of curing.

 
 

6) It was also observed that by reinforcing steel fibers 

there was an increase in split tensile strength.  i.e 
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conventional concrete had 2.92 and 3.77 N/mm2  and 

1.25F mix had 4.23 and 5.92 N/mm2  as 7 days and 

28 days split tensile strength. 

7) Compressive strength of conventional concrete was 

less than the steel fiber reinforced concrete after the 

45days Acid Attack to the cubes. The 1.25F mix had 

given more strength as compared to 0.75F, 1.0F and 

0F mixes. And 0.75F and 1.0F had also given more 

compressive strength compared to 0F mix. 

8) Percentage loss in strength was more for 0F mix and 

1.25F mix had shown less percentage loss in 

compressive strength. The results were, for 0F 

31.77%, 0.75F 26.15%, 1.0F 18.65% and 1.25F 

10.54% loss in strength, when compared with the 

respective mixes. 

9) The results were, for 0F 31.77%, 0.75F 20.98%, 1.0F 

9.76% and 1.25F -3.72% loss in strength, when 

compared with 0F mix. -3.72% indicates that the 

1.25F mix still has 3.72% more compressive strength 

after 45days acid attack. 
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