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Abstract

The integration of nano-engineered materials into cementitious composites has revolutionized the domain
of high-performance concrete. This study investigates the incorporation of nano-silica (NS) as a partial
cement substitute, evaluating its effect on mechanical strength, microstructural morphology, and seismic
resilience. Concrete specimens were synthesized with NS dosages of 0%, 0.25%, 0.5%, and 1% by weight
of cement, subjected to rigorous compressive and flexural testing. Microstructural analyses through
Scanning Electron Microscopy (SEM) and Field Emission Scanning Electron Microscopy (FESEM)
revealed significant densification and hydration augmentation. A computational seismic simulation was
executed on a ten-story Ordinary Moment Resisting Frame (OMRF) via Staad Pro to assess base shear
variations. Results affirm that 1% NS enhances compressive strength by 16%, with minimal seismic
impact. The findings establish NS as a potential additive for sustainable and high-durability concrete
formulations.
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1. Introduction

In contemporary civil engineering, there is an increasing demand for materials that exhibit both high
durability and sustainability. Cement, a critical component in concrete, significantly contributes to global
carbon emissions, necessitating alternative materials that maintain structural integrity [1]. Nano-silica
(NS), due to its ultrafine particle size and high pozzolanic reactivity, enhances the densification of the
cementitious matrix and accelerates secondary hydration reactions [2][3].
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2.

Experimental Results and Discussion _
Effect of Nano-Silica on Compressive Strength of Concrete
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Fig. 1: Influence of Nano-Silica on Compressive Strength

Effect of Nano-Silica on Flexural Strength of Concrete
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Fig. 2: Influence of Nano-Silica on Flexural Strength
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Seismic Base Shear Analysis for Different Nano-Silica Percentages

2000

17501

1500

12501

1000

Base Shear (KN)

750

500

250t

0.0 0.2 0.4 0.6 0.8 1.0
Nano-Silica (% b.w.c)

Fig. 3: Seismic Base Shear Analysis

3. Conclusion

Empirical investigations confirm that 1% nano-silica incorporation significantly enhances concretes
compressive strength while refining microstructural uniformity. The seismic analysis, however, indicates
negligible base shear fluctuations, supporting NSs feasibility in structural applications. This research
highlights NS as a viable eco-sustainable additive, contributing to the advancement of next-generation
construction materials.

4. Future Research

Future research should explore the long-term durability of NS-modified concrete under extreme
environmental conditions. Further studies are necessary to optimize NS dosage for ultra-high-performance
concrete (UHPC) and to develop cost-effective nano-silica synthesis techniques.
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