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Abstract 

Cement concrete material is brittle, with poor tensile forces, weak crack resistance and can easily experience 

microcracking. Combination of these factors leads to failure of brittle concrete. Addition of different types of 

fibers to concrete can improve the mechanical properties, serviceability and longevity of structures.  This work 

experimentally evaluates the mechanical properties of the different sized steel fibers with various aspect ratios 

and weight fractions in M30 grade concrete. The principal objectives are to identify the optimum fiber composition 

to enhance structural performance and evaluate the contribution of steel fiber reinforcement in terms of 

compressive strength, split tensile strength, and flexural strength. In accordance with these goals, 540 specimens 

have been cast, including 180 prisms (100 mm x 100 mm x 500 mm) and 360 cubes (100 mm x 100 mm x 100 

mm). The size of steel fibers was 0.5 and 1.0 mm in diameter whereas the aspect ratio of 3 comparable sizes were 

50, 60, and 70, at steel fiber dosage of 1.0%, 1.5, and 2.0% by weight of concrete. The results of the test 

demonstrated that it is highly beneficial to add steel fibers to concrete and consequently strengthen its mechanic 

properties. The most significant increases were 18 percent in compressive strength, 35 percent in split tensile 

strength and 36 percent in flexural strength in the 1.0 mm diameter fibers at 1.5 percent by weight and 70 aspect 

ratios; compared to control mix Specimens with higher aspect ratios generally exhibited superior strength 

performance, emphasizing the importance of fiber geometry in mechanical property enhancement. These findings 

confirm that steel fiber-reinforced concrete, when optimized in terms of fiber content and aspect ratio, can provide 

substantial improvements in strength, toughness, and crack resistance, making it well-suited for structural 

applications causing improved durability and load-bearing capacity. 

Keywords: Steel fiber reinforced concrete (SFRC); flexural strength; aspect ratio; compressive strength; fiber 

dosage 

 

1. Introduction 

Concrete reinforced with fiber can be defined as the composite material consisting of residual lengths of 

identifiable fibers, which are dispersed throughout the concrete matrix with an equal distance (Mahadik et al., 

2014). Some of the structures that have faced these challenges include wind turbine towers due to the reasons of 

complicate reinforcement relaxation, cracking prone to surface damages and underutilization of tensile strength 

of a concrete (Shen et al., 2022; Zhao et al., 2021). These factors constrain the extent to which concrete can be 

utilized in structures which require strength, durability, and cost factors. Steel fibers therefore have been added in 

concrete, SFRC, with the aim of circumventing the mechanical difficulties that accompany the use of concrete in 

they. SFRC increases the mechanical properties of concrete by improving the crack and impact strength and 

increasing the service life of the structures (Li et al., 2022; Moawad et al., 2023; Jiang et al., 2023). Compared to 

reinforced concrete, other SFRCs can orientate towards cost-effective construction in terms of eliminating the 

complex reinforcement binding, minimizing the labor cost and materials cost (Zeng et al., 2024; Hung et al., 2021; 

Hakeem et al., 2022). In addition, the tensile stress resistance capacity of SFRC due to bending moments extends 

the fatigue life of concrete structures, and potential maintenance costs can also be lowered. These benefits are 

useful in the particular focusing of SFRC towards rigorous application in critical buildings and structures like 

wind turbine tower where tensile and compressive strength could be highly used when the volume fraction of the 

steel fiber is optimized. The evolution of damage in SFRC and constitutive modeling are further research topics 

that further the development of techniques to analyze structure and design codes in the engineering profession 

(Deng et al., 2024; Deng et al., 2022; Nogales et al., 2020). It requires enhancement in the global mechanical 

performance and durability of SFRC to substitute complex structural applications with an increased concentration 

of steel fibers and customization of its distribution. There have been good and quality documented equivalent to 

its higher mechanical properties and durability. According to ACI 544 (1997), SFRC has been found to be more 

resistant to cracking and strength and harder as compared to the normal concrete. It was experimentally reported 
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that compressive strength would grow by 4 to 24 percent and flexural strength by 3 to 81 percent (ACI, 1997 and 

Nili and Afroughsabet, 2010). As well, a further study revealed that at fiber volume fraction of 0 and 2 percent, 

flexural strength improved tremendously by 29% and 119.69 percent respectively at an aspect ratio value of 70 

(Tabassum et al., 2018; Yazici et al., 2007). Other than this, it has been found that the incorporation of steel fibers 

in the concrete where the ratio is 0.5 to 1.5 percent of the volume can contribute extensively to making the concrete 

very durable (Shweta et al., 2014). Such results manifest that SFRC can be a good and cost-effective structural 

engineering material. 

2. Experimental Programs: 

The objective of the experimental was to determine the influence of the reinforcement of steel fiber using different 

diameters, aspect ratios and weight fractions on the mechanical properties of M30 grade concrete. The study 

involved looking at the improvements in compressive strength, split tensile strength as well as flexural strength 

under various variables used in the research. The best additions were found in the amount of fiber which enhanced 

the strength of concrete to great measures. 

2.1. Materials 

Ordinary Portland Cement (OPC) which confirmed ASTM C150 Type I was used. Ready-mix concrete company 

supplied coarse materials which were quartzite rock chips with a maximum nominal size of 20 mm. Sylhet sand, 

sieved through a 4.75 mm mesh, was used as the fine aggregate. To obtain the required aspect ratios, steel fibers—

low carbon, cold-drawn wire fibers—were purchased at the neighborhood market and chopped to different 

lengths. These fibers were manufactured as per the guidelines of ASTM A820/A820M. Fig. 1 has shown both fine 

and coarse aggregate grading curve. 

2.2 Mix proportion 

The concrete mix design used for the test specimens is based on a 30 MPa grade, and the proportions of its 

constituents are detailed in the Table 1. The mixture is produced with stipulated quantity of cement, water, sand 

and stone chips and with a stipulated quantity of water-cement ratio to achieve the desired strength and consist of 

the mixture. Three percentages of weight of steel fibers (SF) of 1%, 1.5%, and 2 percent were introduced in the 

concrete mix. A control mix, composed of Ordinary Portland Cement (OPC) without steel fiber was used, as a 

means of comparison. Steel fibers with the diameters 0.5 and 1.0 mm and the aspect ratios of 50 ,60 and 70 were 

employed. Next, each sample of SFRC was labeled 0SFRC0.0(0), 0.5SFRC1.0(50), 0.5SFRC1.0(60), 

0.5SFRC1.0(70), 0.5SFRC1.5(50), 0.5SFRC1.5(60) and 0.5SFRC1.5(70), 0.5SFRC2.0(50), 0.5SFRC2.0(60) and 

0. The first statement in these sets of specifications shows the diameter of the steel fiber in millimeters. The second 

term represents the so-called steel fiber reinforced 

concrete, the ratio of steel fiber weights is denoted 

by the third term, and the aspect ratio is denoted 

by the final term. 

 

Table 1. Mix Proportions for 30 MPa Concrete 

Mixture Constituent  Proportion 

Grade of Concrete 30 MPa 

Cement (kg/m3)  435 

Water (kg/m3) 218 

Sand (kg/m3) 545 

Stone Chips (kg/m3) 1150 

Water Cement Ratio 0.45 

 

 

Figure 1. Gradation curve for fine and coarse aggregate 
2.3 Methodology 

Concrete samples were made using various steel fiber and content ratios as specified by the mix design 

requirements. Samples were cast in the form of prisms (100 × 100 × 500 mm) in order to perform the split tensile 

and flexural strength tests, and cubes (100 × 100 × 100 mm) in order to perform the compressive strength test. 

Casting and demolding were followed by curing in plain water for 7, 14, and 28 days. The destructive tests i.e., 

Compressive, split tensile, and flexural strength tests were conducted in order to assess the mechanical properties 

of the specimens at the specified curing times. The effect of steel fiber reinforcement on the performance of 

concrete was established by comparing the results. 

 

Results and discussion 

3.1 Compressive Strength: 

Figure 1(a) and 1(b) show compressive strengths of the test specimen of Ordinary Portland Cement (OPC) 
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concrete with Fiber Reinforcements and water curing ages whereas 2(a) and 2(b) are relative compressive 

strengths of comparison. Compared to the control specimen (OSFRC0.0(0)) that had the strengths of 21.5 MPa, 

26.9 MPa and 30.7 MPa after 7, 14 and 28 days respectively, it is evident that steel fibers of diameter 0.5 mm and 

1 mm added to the concretes containing different fiber contents and aspect ratio enhanced the compressive strength 

of the concrete. The compressive strength of the 0.5 mm fiber with respect to the weight fraction of 1.5 and an 

aspect ratio of 70 gave 25.9 MPa at 7 days and 35.3 MPa at 28 days which is 20 percentiles at 7 days and 15 

percentiles at 28 days higher than control.  Similarly, an aspect ratio of 60 and 2.0% fiber content ratio provided 

the following strengths of 24.7 MPa, 32.3 MPa, and 34.2 MPa at the 7th, 14th, and 28th days respectively which 

constitutes a 20 percent boost at the 14th day. In comparison, 1 mm diameter fibers showed even greater 

improvements; at 1.5% content and aspect ratio 70, strengths of 27.1 MPa, 33.3 MPa, and 36.3 MPa were recorded 

at 7, 14, and 28 days, corresponding to maximum increases of 26%, 24%, and 18% respectively. The bigger 

diameter fibers enhance compressive strength more, therefore, the 28-day strength of 36.3 MPa acquired with 1 

mm fibers was more than 35.3 MPa with 0.5 mm fibers. Experimentally it has been observed that, there is a 

favorable mechanical impact as the content of fiber and curing time gets alleviated. Based on the observed 

findings, it may be said that there is positive impact to be gained in the use of steel fiber reinforcement of higher 

diameter and aspect ratio. It is therefore possible to say that it is effective in optimizing the performance of 

concrete. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Tensile Strength 

The results shown in Fig. 4(a) and Fig. 4(b) demonstrate how adding of steel fibers with diameters of 0.5 mm and 

1 mm at different aspect ratios and curing times increases split tensile strength. The control mix (0SFRC0.0(0)) 

at the ages of 7, 14, and 28 days record strength of 2.36MPa, 3.11MPa, 3.63MPa respectively. For 0.5 mm 
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Figure 2. Compressive strength behavior of SFRC for (a)0.5mm SF (b) 1mm SF   

(a) (b) 

Figure 3. Relative compressive strength behavior of SFRC for (a)0.5mm SF (b) 1mm SF 
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samples, the tensile strength of the 0.5SFRC1.5(70) had the maximum tensile strength at 28 days which stood at 

4.61 MPa increasing by 27% than that of the control. A comparable value of 4.54 MPa was noted for the 

0.5SFRC2.0(70) sample. Much more improvements, on the other hand, were observed with the 1 mm diameter 

steel fibers. The 1SFRC1.5(70) sample achieved the highest tensile strength of 4.89 MPa at 28 days, a 35% 

increase over the control. Two more samples that show good performance are 1SFRC2.0(70) and 1SFRC2.0(60) 

with 28-day strength of 4.88 MPa and 4.89 MPa, respectively Most 1 mm fiber mixes at 28 days surpassed the 

4.5 MPa mark, particularly at 1.5% and 2.0% fiber content, indicating superior tensile performance compared to 

0.5 mm fibers. The strength gain was more dominant among 1 mm fibers in early stages of curing which stood at 

32 and 34 percent respectively after 14 and 7 days. The comparative relative tensile strength of SRFC samples is 

shown in the figures 5(a) and 5(b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 Flexural Strength 

 

The flexural strength of concrete increased tremendously upon addition of steel fibers as observed in figure 6(a), 

6(b) and figure 7(a), 7(b). The 0SFRC0.0(0) control sample showed flexural strengths at 7, 14, and 28 days of 
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(a) 

Figure 4.: Tensile strength behavior of SFRC for (a)0.5mm SF (b) 1mm SF   

(a) (b) 

Figure 5.: Relative tensile strength behavior of SFRC for (a)0.5mm SF (b) 1mm SF   
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4.12, 5.04, and 5.67 MPa respectively. The 0.5SFRC1.5(70) gained the maximum flexural with 28-day flexural 

strength of 7.32 MPa among all of the 0.5 mm fiber test specimen which was 29% stronger than the control. In 1 

mm fibers there were some very notable gains. At 28 days, the maximum value of flexural strength in sample 

1SFRC1.5 (70) was 7.72 MPa which is 36 percent higher than the control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 Conclusions 

This study showed that the strength properties of concrete increased significantly when steel fibers were added 

especially when they had a diameter of 1.0 mm, aspect ratio of 70, and a percent weight of 1.5%. The arrangement 

contributed towards a bump in compressive strength of around 18 percent, split tensile strength of almost 35 

percent, and flexural strength of almost 36 percent when compared to the control mix. In every test parameter of 

strength, control concrete was outperformed by all specimens with the three different fiber contents (1%, 1.5%, 

and 2). Moreover, concrete reinforced steel fiber (SFRC), which had an aspect ratio of 70, was displayed as being 

stronger as compared to concrete that had an aspect ratio of 50 and 60. This study clearly shows that 1.5% steel 

fiber reinforced concrete containing 70 aspect ratio fibers gave rise to the highest values in mechanical strength 

improvement after a curing period of 28 days. 
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