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Abstract: This study investigates the effect of nano-silica on the mechanical properties of M40 grade concrete, 

focusing on its impact on compressive strength, flexural strength, split tensile strength, and impact resistance. 

The concrete mixes were prepared with 1% nano-silica, and a series of tests were conducted at 3, 7, and 28-day 

intervals. The results revealed significant improvements in the compressive, flexural, and tensile strengths of 

concrete containing nano-silica. Specifically, the compressive strength increased by up to 35%, while the 

flexural strength exhibited an enhancement of approximately 100%. Additionally, nano-silica reinforced 

concrete showed superior tensile strength, with both direct and indirect tensile strengths increasing by over 

100%. The impact resistance also improved dramatically, with concrete containing nano-silica withstanding 

significantly more blows before cracking. These findings demonstrate that nano-silica reinforced concrete offers 

superior performance in terms of strength, durability, and resistance to dynamic loading, making it a promising 

material for high-performance construction applications. 
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1. INTRODUCTION 

Concrete is the most widely used material in construction, but its design requires substantial cement, which 

significantly contributes to CO₂ emissions and the greenhouse effect. One strategy to reduce cement content in 
concrete is by incorporating silica fines, with nano-silica (nS) being particularly promising as both a cement 

substitute and a concrete additive. However, the commercial production of nano-silica involves complex 

synthesis methods that result in high purity but are not yet cost-effective for the construction industry. 

Furthermore, the full impact and application of nano-silica in concrete are still not completely understood. 

Recent studies have focused on using nano-silica to improve concrete strength, with tests on commercially 

available nS to assess its effects. Nano-silica not only helps reduce the carbon footprint of concrete but also 

enhances its hardened properties, leading to high-performance, cost-effective, and sustainable concrete for 

infrastructure and buildings. 

Nanotechnology has revolutionized how we understand and manipulate materials. Advances in nano-science are 

expected to significantly influence construction materials, as the ability to understand and engineer cement-

based materials at the nano-scale can result in stronger, more durable concrete with optimized stress-strain 

behavior. This research aims to prevent concrete failure by focusing on strengthening its properties. The strength 

of concrete is also influenced by its ability to resist environmental degradation. Acid-resistant concrete can be 

achieved through both traditional methods and advanced nanotechnology. Currently, micro-level studies fail to 

provide enough insight into material properties, prompting a shift toward nano-level research with promising 

future applications. Nanotechnology is a highly active and expansive field with broad applications across 

various disciplines. 

 

2. REVIEW OF LITERATURE 

Kavitha S. & A. Sandhiyadevi (2022) The study finds nS enhances flexural and mechanical durability in both 

fly-ash-free and fly-ash-containing concrete. Tests show improvements in mechanical properties like 

compressive and split tensile strength and durability against acid, sulfate, and bulk diffusion attacks. 

P. Jaishankar & B. Muthu Siva Chandru (2021): nS improves permeability, microstructure, pore filling, and 

strength. The optimal dosage is 3%, improving compressive and split tensile strengths by 14%. Above 3%, 

strength decreases due to overuse. High-performance concrete with nS has smaller pores and is more robust. 

Dheeresh Kumar Nayak and Abhilash P. P. (2021): Factors like particle size, surface area, dosage, and water-

to-cement ratio affect the performance of nano-silica. Dosages up to 2-3% improve durability and mechanical 

properties. Exceeding 3% can decrease strength due to agglomeration and increased porosity. nS enhances 

pozzolanic activity, improving compressive, flexural, and tensile strengths and the interfacial transition zone 

(ITZ). 

Billa Mahender & B. Ashok:(2020) Adding nano-SiO2 improves concrete's compressive strength, with the 

best results at 1% by weight of cement (b.w.c.). Early-age strength and 28-day strength also show significant 

improvement. Nano-SiO2 enhances the microstructure by filling gaps between C-S-H gel, leading to a more 

compact structure. 
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3. MATERIALS AND TESTING METHODS 

3.1 Materials 

3.1.1 Cement (Ordinary Portland Cement - OPC): Ordinary Portland Cement (OPC) of 43-grade is selected 

as the primary binding material for the concrete mix. OPC plays a crucial role in providing the necessary 

strength and durability to the concrete structure. 3.1.2 Sand (Zone 1 Sand): For the concrete mix, Zone 1 sand 

is chosen, as per the IS:383-1970 specifications.  

3.1.3 Aggregate (Coarse Aggregates) Coarse aggregates sourced from Gandhinagar, Gujarat, are used in the 

preparation of the concrete mix.  

3.1.4 Water: Water used in the concrete mix is sourced from regular tap water available in the laboratory. The 

quality of water is important for ensuring that the concrete mix sets properly and attains its desired strength.  

4. RESULTS AND DISCUSSION 

4.1 Compression Tests 

For the compression tests, normal mix specimens were cast and tested following a systematic procedure. The 

process began with careful material mixing, where the components of the normal concrete mix were measured 

and blended to ensure consistency. Cube specimens of concrete were then cast in standard molds to maintain 

uniformity, followed by compaction to eliminate air voids and ensure proper consolidation of the mixture. After 

the cubes were cast, they were cured for specific durations before being subjected to compression testing. The 

study focused on M40 grade concrete, both with normal concrete and with 1% nano-silica. A total of nine cube 

samples were cast and tested for compressive strength at 3, 7, and 28-day intervals. At 3 days, normal concrete 

had a compressive strength of around 22.10 N/mm², with individual samples showing values between 21.50 

N/mm² and 22.00 N/mm². Concrete containing 1% nano-silica exhibited a significant increase in strength, with 

values reaching up to 35.00 N/mm², showing an enhancement of approximately 50-60% compared to normal 

concrete. 

4.2 Flexural strength test 

The flexural strength test is designed to evaluate the load at which concrete, particularly with nano-silica 

reinforcement, may crack under bending due to tension. This test offers valuable insights into the tensile 

strength of nano-silica reinforced concrete, which is crucial for various applications, including buildings, oil 

wells, nuclear power plants, and coastal infrastructure. Typically, flexural strength is assessed using third-point 

loading, which was employed in this study due to its lower variability compared to central point loading. This 

method is preferred for testing normal concrete beams. For this study, 100 mm thick specimens were prepared 

using iron molds with dimensions of 100 mm in width and 500 mm in length, incorporating concrete mixed with 

nano-silica. After casting, the samples were allowed to cure for 28 days, after which they were coated with a 

lime-based whitewash to make cracks visible during testing. The specimens were designed with a total length of 

500 mm, with an effective length of 450 mm used for testing. These specimens were then subjected to flexural 

loading on an MTS machine under displacement control at a rate of 0.005 mm/sec as shown in graph 2. 

4.3 Split Tensile Test 

The split tensile test is an indirect method used to evaluate the tensile strength of concrete. Initially developed in 

Brazil and standardized by ASTM, this test is known for its simplicity and effectiveness. In this test, cylindrical 

concrete specimens are subjected to a compressive load applied along their diameter, generating tensile stresses 

perpendicular to the applied load direction. For this study, cylindrical molds with a diameter of 75 mm and a 
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length of 150 mm were used to cast specimens of normal concrete and concrete containing nano-silica. After 

curing for 28 days, the specimens were tested using a Universal Testing Machine (UTM) with a 50-ton capacity, 

in accordance with the IS: 516 – 1959 guidelines under load control. To ensure even load distribution during the 

test, two strips were placed at the top and bottom of the cylinder. 

4.4 Impact Test: 

The impact test evaluates the ability of concrete to withstand sudden external loads, which is a key property for 

materials used in applications subjected to impact or dynamic loading. Reinforced concrete typically has limited 

energy absorption capacity and poor performance under impact loads, which can lead to the need for frequent 

repairs in infrastructure. However, the addition of nano-silica has been shown to significantly enhance the 

impact resistance of cement-based composites, making this one of the most improved mechanical properties 

when nano-silica is incorporated. The impact strength of cement-based composites can be assessed through 

various methods, such as hydraulic testing machines, the Hopkinson bar method, rotating hammers, Charpy 

hammers, and the falling weight method. Among these, the repeated impact (drop weight) test is one of the 

simplest and most practical for comparing the performance of different concrete mixes. In this test, the number 

of blows required to cause a specific level of damage, usually leading to the loss of rebound capability, is 

counted. This test provides valuable data on how concrete behaves under impact loading, although the results 

can vary due to the lack of standardized specimens and universally accepted testing methods. 

5. CONCLUSION 

The incorporation of nano-silica in concrete significantly improves its mechanical properties across multiple test 

parameters. The study found that nano-silica enhanced the compressive strength by up to 35%, flexural strength 

by 100%, and tensile strength by more than 100%. The impact resistance of nano-silica reinforced concrete also 

increased dramatically, demonstrating superior performance under dynamic loading conditions. These findings 

highlight the potential of nano-silica as a valuable additive for producing high-performance concrete with 

superior strength, durability, and resistance to cracking and impact. Despite the increased cost of incorporating 

nano-silica, the considerable improvements in concrete’s mechanical properties justify the additional expense, 

making it an ideal solution for infrastructure projects requiring enhanced performance and durability. 
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