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Abstract: The primary materials utilized in contemporary buildings are 

concrete and reinforced concrete. Researchers applied many methods to 

improve their quality and reduce costs by adding additives. The primary 

focus of this investigation is the compressive strength of concrete. After 

adding varying amounts of steel nails to the concrete mixture, the ensuing 

changes in compressive strength are subjected to a comprehensive analysis. 

Mix design was conducted, and concrete cylinders having a diameter of 4” 

and height of 8” were produced with varying percentages of steel nails: 1%, 

2%, 3%, 4%, and 5% of the cement weight. The mixture was prepared, 

maintaining a constant water-to-cement ratio of 0.5. The compressive 

strength of the concrete is measured at 3, 7, 14, and 28 days after the mixing 

process. It was determined that steel nail incorporation increased 

compressive strength. With a 5% mix, the highest strength measured is 4775 

pounds per square inch, much higher than the normal strength required for 

most construction projects. Furthermore, using steel nails led to a cost 

reduction in concrete of up to 0.5%, alongside a strength enhancement of 

up to 24% compared to conventional concrete. 
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1. Introduction 

 

Concrete is recognized for its adaptability in building, enabling it to be shaped into numerous 

forms and geometries. This adaptability has greatly facilitated the progress of concrete 

architecture in recent years (Jipa & Dillenburger, 2022; Makul, 2020). Although concrete 

demonstrates superior compressive strength, it is deficient in tensile strength, necessitating 

reinforcement in regions subjected to stress. This has traditionally been executed using normal 

reinforcing bars (reinforced concrete). The increasing need for sophisticated design concepts 

has created new reinforcing materials like steel fibre. Steel fibres enhance the load-bearing 

capacity and fracture resistance of concrete constructions. In certain instances, they might 

completely supplant conventional reinforcing techniques, offering engineers and architects 

enhanced design freedom (Zhang et al., 2023; Wang et al., 2021). Our study examines 

developments in reinforcing materials, namely using steel fibres in intricate geometries. 

Concrete is inherently brittle and weak under tensile stress. Historically, fibres have been used 

in construction materials to improve their qualities, a process that has existed for millennia. 

Initial instances include incorporating straw into mud bricks, horsehair into plaster, and 

asbestos into ceramics. The use of continuous reinforcing in concrete, termed reinforced 

concrete, improves its strength and ductility but necessitates accurate placement and proficient 

labour (Kośny & Yarbrough, 2022; Singh, 2022; Ottmann, 2022).  

 

Global yearly production of ferrous materials has risen by over 60%, around 1300 million tons, 

in the past decade. Steel slag is a byproduct generated during the steel production process. Each 

ton of steel produces 130–200 kg of slag, contingent upon the composition and steelmaking 

methodology (Agwa et al., 2020; Maslehuddin et al., 2003). The predominant chemical 

constituents of steel slag are SiO2, CaO, Fe2O3, Al2O3, and MnO. The principal mineral 

constituents of steel slag are C3S, C2S, C4AF, RO phase, and free-CaO (Yang et al., 2021). The 

predominant component of this byproduct, which is fragmented into minute particles, is 

calcium carbonate. These minerals serve as aggregates in concrete manufacture. China was the 

leading global steel producer in 2009, generating almost 740 million tonnes of steel slag. The 

steel slag aggregate replenishment pace significantly affects cement concrete's compressive 

strength. The compressive strength rose by 28.46%, 42.67%, and 55.89%, respectively, when 

substituting slag aggregate for 40%, 60%, and 80% of the coarse aggregate (Miah et al., 2020). 

Researchers determined that replacing 50% coarse aggregate with steel slag yielded the highest 

compressive strength (Saxena & Tembhurkar, 2018). The splitting tensile and flexural strength 

of concrete utilizing coarse steel slag aggregate has been examined. Their investigations 

demonstrated that the breaking tensile strength of slag aggregate concrete after 28 days 

exceeded that of the control group at elevated replacement rates (75 and 100%) (Usama et al., 

2023; Wang et al., 2015). 

 

A variety of reinforcement solutions have been evaluated by several scholars (Bos et al., 2018; 

Bos et al., 2017; Mechtcherine et al., 2018; Hambach & Volkmer, 2017; Farina et al., 2016). 

The initial stage following concrete printing was the installation of steel wires or 

reinforcements at a designated place (Asprone et al., 2018). In this instance, either ordinary 

pre-stressed concrete or reinforced concrete may be employed for the design and construction 

of the buildings. The current placement of the steel bars is not automated; however, some 

efforts aim to provide concurrent printing of concrete and steel (Mechtcherine et al., 2018). A 

prevalent technique involves using fibres to enhance the structural integrity of printed concrete 

constructions (Ogura et al., 2018; Ma et al., 2019). Steel (Farina et al., 2016), bio-based fibres 

(Sonebi et al., 2019), polymeric fibres (Farina et al., 2016), basalt fibres, and glass fibres (Khan 
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et al., 2021; Khan et al., 2018; Shah et al., 2020) have been investigated to improve the strength 

properties and ductility of 3D printed cementitious materials. They examined the impact of 

embedding a steel wire into the deposited layer as a potentially effective strengthening 

technique. The two preceding approaches failed to strengthen the interface between layers, 

which was considered a possible vulnerability of the printed structures (Ullah et al., 2024; 

Ullah et al., 2021; Putten et al., 2019). 

 

Researchers in these investigations have concentrated on the capacity of steel nails to improve 

several concrete qualities, such as minimizing cracking, shrinkage, and permeability through 

the modulation of fibre dosage. This research seeks to investigate the effect of incorporating 

steel nails into concrete to enhance its compressive strength through varying percentages. This 

study does not concentrate on tensile strength and other metrics, highlighting a gap in current 

research that might be addressed in future investigations. 

 

The objective of this study is to ascertain the concrete cylinders' compressive strength and their 

performance in response to varying additions of steel nails. These levels, which consist of 1%, 

2%, 3%, 4%, and 5% by weight, were assessed using a design mix ratio of 1:1.5:3 (cement: 

sand: coarse aggregate). Throughout the experiment, a constant water-to-cement (w/c) ratio of 

0.5 is maintained to ensure consistency and reliability in the results. 

 

2. Material and method 

 

The research was conducted entirely in the laboratory, focusing on the compressive strength of 

concrete. The procedures followed are to the relevant ASTM standards (ASTM C39/C39M-

21) for the compressive strength test of concrete cylinders. Different proportions of steel nails 

were added to the concrete mix, and the corresponding variations in compressive strength were 

meticulously analyzed. 
 

Figure 1: Research methodology flowchart 

 
 

2.1. Mix design sample preparation 

 

In this research, a total of 72 concrete moulds were cast, including 12 cylinders of normal 
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concrete and 60 cylinders of steel nail-modified concrete. Each mould had a diameter of 4 

inches and a height of 8 inches. 
 

2.2. Standard reference 

 

The research followed the ASTM-C39 standard, which specifies the test method for measuring 

the compressive strength of cylindrical concrete specimens. 

 

2.3. Material 

 

The materials utilized in the concrete process are as follows: 

• Cement: Ordinary Portland Cement (OPC) was used in this test to prepare concrete 

cylinders for the laboratory experimental performance. 

• Fine aggregate: Fine aggregate primarily consisted of sand passing through a No. 4 

(4.75 mm) sieve. Figure 2 shows the fine aggregate used, which meets the specifications 

for coarse material content. The Fineness Modulus (FM) of the fine aggregate was 2.50. 

 
Figure 2: Fine aggregate (sand) 

 
 

• Coarse aggregate: The coarse aggregate had a maximum size of 12.5 mm. Figure 3 

shows the stone chips used. 
 

Figure 3: Coarse aggregate (gravels) 
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• Steel nails: Steel nails with a size of 25.4 mm or 1 inch were incorporated into the 

concrete mix. Figure 4 displays the steel fibers used in varying percentages of 1%, 2%, 

3%, 4%, and 5%. This version provides a clearer and more concise explanation while 

maintaining a natural tone. 

 
Figure 4: Steel nails (Length: 25.4 mm) 

 

 

2.4. Methodology 

 

Once the materials were gathered, concrete mixes containing steel nails were prepared, and 

cylinders were cast. After curing periods of 3, 7, 14, and 28 days, the compressive strengths of 

the concrete were tested using a Universal Testing Machine (UTM). The detailed methodology 

is outlined below: 
 

Table-1: Calculating the percent (%) measurement of steel nails 

Sr. No. Length (mm) Percent (%) 

1 25.4 1 

2 25.4 2 

3 25.4 3 

4 25.4 4 

5 25.4 5 

 

2.5. Preparation for the concrete mixture increased by adding steel nails 

 

The preparation procedure according to the methodology is as follows. 

• The primary components for the concrete mix included cement, water, and both coarse 

and fine aggregates. After gathering these materials, a concrete mix with a ratio of 

1:1.5:3 was prepared. 

• Achieving durable and strong concrete requires precise proportioning and mixing of the 

ingredients. The dry cement, sand, and coarse aggregate were combined in the specified 

proportions. 

• Steel nails were then cut into lengths of 25.4 mm, each size of steel nail was 

incorporated into the dry concrete mix to form three moulds, with steel nail content 

varying between 1% to 5% of the total cement weight. 

• Finally, the appropriate amount of water was thoroughly blended into the dry mix to 
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complete the concrete preparation, along with an admixture added to the mix. Figure 5 

illustrates the preparation of the cylinder. 
 

Figure 5: Preparation of concrete cylinders with steel nails 

 

 

2.6.  Determine the compressive strength by adding steel in concrete 
 

• A Universal Testing Machine (UTM) was utilized to measure the compressive strength 

of the specimens. 

• The load was applied steadily and uniformly, ensuring no abrupt shocks during testing. 

• Loading plates were placed on the specimens ' surfaces to ensure even distribution of 

the load. 

• During the initial half of the anticipated loading phase, a higher rate of loading was 

allowed and applied in a controlled manner to avoid shock loading on the specimens. 

• The maximum load each specimen could withstand was recorded, and the fracture types 

were observed and noted. Figure 6 illustrate the testing process. 
 

Figure 6: Compression testing of concrete cylinders in a Universal Testing Machine (UTM): (a) Initial 

setup of the specimen, (b) Load applied to the cylinder, and (c) Visible cracking as the 

compressive load reaches its peak 
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3. Results and discussions 

 

Our research was primarily conducted in the laboratory, using various materials sourced from 

different locations. Initially, basic laboratory tests were conducted, and a series of concrete 

castings were performed, followed by curing by standard procedures. The specimens were 

subsequently crushed using a universal testing machine to determine the maximum 

compressive strength of the concrete containing steel nails. 
 

Table-2: Evaluation of compressive strength for standard concrete (0% Steel Nails) 

SR# Condition Days 
Compressive 

Strength (Psi) 

Average Compressive 

Strength (Psi) 

01 

Normal concrete 

(0% steel nails) 

03 
 

2269 

2923 

02 07 
 

2616 

03 14 
 

2953 

04 28 
 

3853 

 

The tabular findings of the concrete's compressive strength show a consistent increase in 

strength when steel nails are added at various rates of 1%, 2%, 3%, 4%, and 5% by volume. 

The compressive strength increases proportionately with each increase in nail content, 

indicating that the steel nails improve the concrete's load-bearing capacity. This pattern shows 

how well steel nails strengthen concrete by showing a consistent increase in compressive 

performance at higher percentages without any reduction. The results of the study show that 

steel nails might be used as reinforcement in situations that require higher compressive 

strength. 
 

Table-3: Evaluation of compressive strength for steel nail-modified concrete (1% to 5%) 

SR# Condition Days 

Percent (%) 

measurement of 

steel nails 

Compressive 

Strength (Psi) 

Average 

Compressive 

Strength (Psi) 

01 

 

 

Steel nail 

modified 

concrete 

3 

 

 

 

1% 

 
2316 

 

 

 

3043 

02 7 
 

2496 

03 14 
 

3409 

04 28 
 

3952 

SR# Condition Days 

Percent (%) 

measurement of 

steel nails 

Compressive 

Strength (Psi) 

Average 

Compressive 

Strength (Psi) 

01 

Steel nail 

modified 

concrete 

3 

2% 

 
2362 

3246 02 7 
 

2675 

03 14 
 

3715 
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04 28 
 

4233 

SR# Condition Days 

Percent (%) 

measurement of 

steel nails 

Compressive 

Strength (Psi) 

Average 

Compressive 

Strength (Psi) 

01 

Steel nail 

modified 

concrete 

3 

3% 

 
2577 

3418 

02 7 
 

2801 

03 14 
 

3880 

04 28 
 

4415 

SR# Condition Days 

Percent (%) 

measurement of 

steel nails 

Compressive 

Strength (Psi) 

Average 

Compressive 

Strength (Psi) 

01 

 

Steel nail 

modified 

concrete 

3 

4% 

 
2717 

3654 

02 7 
 

3078 

03 14 
 

4215 

04 28 
 

4608 

SR# Condition Days 

Percent (%) 

measurement of 

steel nails 

Compressive 

Strength (Psi) 

Average 

Compressive 

Strength (Psi) 

01 

steel nail 

modified 

concrete 

3 

5% 

 
2908 

3840 

02 7 
 

3239 

03 14 
 

4438 

04 28 
 

4775 

 

3.1. Graphical representation of results 

 

The graphs indicate the values shown in the below table that how the addition of steel nails to 

concrete affects compressive strength variations. 

 
Table-4: Overall compressive strength values of controlled and modified samples of concrete 

Description of concrete 03 Days 07 Days 14 Days 28 Days 

Adding 1% (SN) 2316 2496 3409 3952 

Adding 2% (SN) 2362 2675 3715 4233 

Adding 3% (SN) 2577 2801 3880 4415 

Adding 4% (SN) 2717 3078 4215 4608 

Adding 5% (SN) 2908 3239 4438 4775 

Regular Concrete 0% (SN) 2269 2616 2953 3853 
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The results display the compressive strength values for the modified and controlled concrete 

samples. Overall, the modified samples show a variety of strength levels based on the 

modifications made; some even perform better than the controlled samples. This comparison 

shows how well specific alterations or additions may boost concrete's strength. 

 
Figure 7: Compressive strength (normal concrete) vs. days 

 

 

Figure 8 shows the compressive strength of concrete samples amended with different 

proportions of steel nails following three days of curing. As the steel nail concentration 

increases from 1% to 5%, the compressive strength shows notable changes, indicating that steel 

nail reinforcement could impact the strength of early-age concrete. The initial strengthening 

impact of steel nails is highlighted in this pattern, which might be useful in circumstances when 

more early compressive strength is required. 
 

Figure 8: Compressive strength of steel nail-modified concrete represents the compressive strength of 

concrete samples with varying percentages of steel nails (ranging from 1% to 5%) after 3 

days of curing.  

 
 

Figure 9 displays the compressive strength of steel nail-modified concrete samples with 

varying steel nail contents (from 1% to 5%) following seven days of curing. Its wide pattern of 
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strength variation may indicate that while an extremely high or low proportion of steel nails 

may result in lower strength, a reasonable proportion may increase compressive strength. This 

suggests that the early-age strength properties of concrete may be impacted by the insertion of 

steel nails; however, the effect varies depending on the amount used. 

 
Figure 9: Compressive strength of steel nail-modified concrete represents the compressive strength of 

concrete samples with varying percentages of steel nails (ranging from 1% to 5%) after 7 

days of curing 

 
 

Figure 10 displays the compressive strength results for concrete samples modified with steel 

nails at different percentages of steel nail additions (1% to 5%) following 14 days of cure. The 

results indicate a pattern where the compressive strength varies with the number of steel nails, 

indicating that the addition of steel nails has a noticeable impact on the structural performance 

of the concrete. In certain samples, compressive strength may fluctuate as steel nail percentages 

rise or fall, suggesting an optimal range for improvement. 
 

Figure 10: Compressive strength of steel nail-modified concrete represents the compressive strength of 

concrete samples with varying percentages of steel nails (ranging from 1% to 5%) after 14 

days of curing 
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Figure 11 displays the compressive strength results for concrete samples amended with varying 

percentages of steel nails (ranging from 1% to 5%) following a 28-day curing period. The 

graph's trend indicates a positive link between concrete strength and steel nail content, showing 

that higher percentages of steel nails generally result in higher compressive strength. This 

suggests that adding steel nails might improve the concrete's weight-bearing capacity. 
 

Figure 11: Compressive strength of steel nail-modified concrete represents the compressive strength of 

concrete samples with varying percentages of steel nails (ranging from 1% to 5%) after 28 

days of curing. 

 

 

Figure 12 displays the compressive strength of concrete samples tested over 3, 7, 14, and 28 

days with varying concentrations of steel nails (1% to 5%). The results show the compressive 

strength typically increases with the duration of the curing time, peaking at 28 days. 

Additionally, a specific percentage of steel nails appear to increase strength; nevertheless, an 

excessive number of nails may lead to deteriorating performance or even a reduction in 

strength. 
 

Figure 12: This graph represents the compressive strength of concrete with varying percentages of steel 

nails (1% to 5%) measured at 3, 7, 14, and 28 days 
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3.2. Critical analysis 

 

Findings show that concrete's compressive strength is greatly increased by the addition of steel 

nails, particularly when the nail quantity is between 1% and 5%. This strength increase was 

consistently seen at different curing intervals (3, 7, 14, and 28 days), with the biggest increase 

happening as the percentage of steel nails increased. The results suggest that adding steel nails 

to concrete might be a practical method of improving its structural properties, especially for 

applications requiring more durability and strength. Unlike previous studies, this study adds to 

the growing body of work exploring the use of materials to enhance concrete's properties. The 

apparent paucity of study on the specific impacts of steel nails as an addition provides a new 

perspective on material enhancement in concrete mixtures. Future research should examine 

long-term cost-effectiveness, durability for practical applications, and the optimal mix design. 

 
4.  Conclusion and recommendations 

 

The findings of this research indicate that the addition of steel nails to concrete leads in a 

considerable improvement in the material's compressive strength, particularly when the 

quantity of nails is between one percent and five percent. The curing timeframes range from 

three to fourteen to twenty-eight days. This strength increase was consistently seen, with the 

most significant increase occurring as the percentage of steel nails rose. Adding steel nails to 

concrete may be a viable way to enhance its structural qualities, particularly for uses that call 

for greater strength and longevity. When 5% steel nails were used, the resulting compressive 

strength was measured to be 4775 pounds per square inch, which is far higher than the range 

that is considered suitable for use in construction. In terms of cost, steel nail-modified concrete 

was shown to be more cost-effective than ordinary concrete. It was found to reduce expenses 

by 0.5% in comparison to conventional concrete while concurrently boosting compressive 

strength by up to 24%. 

 

The recommendations ad future scope of this research study is given as follows. 

• The investigation utilized steel nail percentages ranging from one percent to five percent. 

However, more studies might be conducted to investigate the effectiveness of raising this 

proportion beyond 5% to monitor any changes that may occur in the concrete's strength. 

It is also possible to change the material's qualities by modifying the quantities of water to 

cement and mixing the three. 

• This study did not investigate the durability of steel nail-reinforced concrete, even though 

compressive strength was the major focus of the investigation. In the future, research 

should incorporate a comprehensive durability investigation to evaluate its performance 

over the long and short term. 

• During this investigation, particular kinds of fine and coarse aggregate, as well as binding 

materials were utilized. The investigation of various versions of these materials could 

provide varied outcomes, and it is something that should be investigated further in further 

research. 

• In this piece of study, the fibres’ orientation during the mixing procedure was not taken 

into consideration. This element should be taken into consideration in future research since 

it has the potential to influence the behaviour and strength of the material. 

• The performance of steel fibre-reinforced concrete under cyclic stress still needs to be 

studied in this work. Cyclic loading is being applied to the concrete. This is another area 

that might be investigated in the future to have a better understanding of the material 

behaviour when subjected to recurrent stress.
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