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ARTICLE INFO ABSTRACT 
 Nanotechnology significantly impacts civil engineering by enhancing material 

strength and durability. This study examines ways to prevent concrete 
degradation, improving compressive strength through nanotechnology. 
Introducing nano-silica (nS) into concrete reduces porosity and improves 
homogeneity, addressing issues like steel reinforcement corrosion. Tests on M40 
grade concrete with 0.5%, 1%, and 1.5% nS showed increased compressive, 
flexural, split tensile, and impact strengths, as well as oxygen permeability. Results 
indicate that 1% nS significantly enhances concrete strength and durability. 
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1. Introduction 

 
Concrete, despite its ubiquity in construction, heavily relies on cement, contributing to CO2 emissions. Silica 
fines, including nano-silica (nS), show promise as cement substitutes. However, challenges like high purity 
requirements hinder nS use in construction. Nonetheless, its potential to enhance concrete strength and reduce 
CO2 emissions motivates its exploration. The incorporation of nS improves concrete properties and 
environmental impact. Nanotechnology's influence on construction materials is profound, promising stronger, 
more durable concrete with optimized stress-strain behavior at the nanoscale. By incorporating nanomaterials 
like nS, concrete's microstructure and water permeability are enhanced. Nano-silica inclusion in high-
performance concrete (HPC) reduces bleeding, improves cohesion, and resolves issues like longer setting time. 
Additionally, it enhances mechanical properties and workability. Research on M40 grade concrete with 1% nS 
replacement demonstrates improved strength, durability, and microstructure. This study fills gaps in existing 
research, underscoring the potential of nS in concrete applications [1-5]. 
 
1.2 Objective and scope  
The purpose of this study was to examine the properties of concrete, particularly when they were tested in 
hardened concrete. As a result, the goal is to find out how strength is affected by nano-silica. The study will 
compare nano-silica-infused concrete to standard concrete at a constant percentage. The research includes the 
work described below.  

• Utilizing nS, complete the Mix Design.  

• Analysis of the microstructure  

• Compressive strength test and flexure test for hardened concrete.  

• Impact load test and split tensile test  

• Test of oxygen permeability 
 

2. Literature Review 
 

A look at how nano silica affects the cement hydration process. [Johnson S. Dr. Belkowitz [6] Daniel 
Armentrout The led tests affirmed that various properties start to work on as the size appropriation of the silica 
diminishes and increments. The precious stone improvement becomes subject to the accessibility of responsive 
silica surface region due to the nanoscale idea of the silica. The pace of early pozzolanic response dials back as 
the width of the silica increments. How much silica that was added was no different for both the nano and 
micron sizes. The exposed surface area of the nano-silica made it more effective at pozzolanically reacting. As 
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more silica became available, the micron silica would only react.  More silica will be presented and ready to 
pozzolanically respond as the CH responds with uncovered microsilica. The early intensity signature in the 
nano-silica combinations exhibited this peculiarity. Unhydrated silica will ultimately pozzolanically respond 
with the CH in arrangement in the event that it is permitted to solution for quite a while. This will diminish the 
convergence of CH, increment the centralization of the CSH design, and subsequently increment compressive 
strength. Both the compressive strength information and the XRD information gave proof of this detectable 
reality.Last but not least, this report highlighted the experiments that were carried out and demonstrated that 
a microstructure that is capable of supporting a greater compressive load can be produced by employing nano-
silica with a broad distribution.  
 
The utilization of nanosilica to expand the compressive strength and sturdiness of cement. [7] [Jonbi, Ivindra 
Pane] Cement's compressive strength and toughness can be actually improved by joining nano-silica with silica 
seethe. This study proposes that how much nano-silica in the substantial ought not be over 10% to keep away 
from the agglomeration impact. C-H and C-S-H morphologies can be better perceived with the assistance of 
SEM pictures. 
A review of the development of acid-resistant concrete. [8] Muhammad Tausif Arshad and Anwar Khitab The 
goal of this review paper was to gather current information and knowledge about concrete in an acidic 
environment. Understanding the issue and coming up with a workable solution were prioritized. The internal 
structure of the concrete can be improved or an acid-resistant membrane can be added as an external solution. 
The novel nanotechnologies that can be utilized to achieve concrete's acid resistance goals are also described 
in the paper.  
 
Impact of nano silica at different hydration stages on the compressive strength of solidified substantial glue. 
[Sameer A., Justin Montgomery] [9] Hamoush This study followed the hydration of Portland cement with 
nano-silica additives. Using SEM and FTIR, the C-S-H signatures, which account for the majority of the 
concrete's strength, have been identified and examined with age. The general strength of the solidified concrete 
glues not entirely settled and recorded for investigation utilizing Forney and MTS testing hardware. This report 
planned to show the way that FTIR and SEM can give extra understanding into the hydration of concrete at 
later ages or phases of hydration, both with and without the expansion of nano-silica. A few ends have been 
drawn from this review and the results: It was resolved that the district of conceivable C-S-H development 
expanded over the long run, demonstrating an expansion in strength with age. The hydration of vacuum-cured 
samples is comparable to that of water-cured samples when comparing the two methods. The outcomes show 
that the two strategies show comparable age-related increments. In all times of testing, compressive strength 
expanded fundamentally with nano silica in all rates of concrete substitutions. The outcomes show that the 
ideal level of concrete substitution is 1%, firmly followed by the 3% nano-silica expansion, and that the 5% 
nano-silica substitution results showed a decline in strength in contrast with the 1 and 3 percent increments. 
By showing higher in general strength values than those of the vacuum-restored strategy, water relieving ended 
up being the most beneficial technique for restoring. In any case, when contrasted with water-restored tests, 
the compressive strength of vacuum-relieved examples diminished somewhat — regularly by under 5%. 
 
Effect of nanoparticles in the new SCC concrete generation [A. A. M. Maghsoudi J. [10] Soheil] When nano-
silica is added to SCCM mixes, the swelling value goes down and the compressive strength goes up. When used 
in structural concrete, the material's durability is increased and its serviceability is improved for all ages and 
curing conditions studied. Comparing the micro- and nano-silica in SCC revealed that smaller pores result in 
concrete structures that are denser and more durable. As concrete age increases, SCC containing nano- and 
micro-silica reduces swelling by 31% and 48%, respectively. In addition, the SEM test revealed that, in 
comparison to using only micro-silica, the rate of hydration progressed in the case of using nano-silica over the 
course of 28 days.  
 
An investigation into the durability of concrete [Mr. L. Q. Ranjith Kumar Roger [11] The extraordinary cement 
had a lower water retention esteem when tried against customary Portland concrete cement. The exceptional 
substantial shows less slim ascent in the sorptivity test than ordinary Portland concrete cement. The unique 
cement loses less water under corrosive assault than standard Portland concrete cement. As per the previously 
mentioned various exploration papers, there has been obvious proof that substantial containing nano silica and 
miniature silica has been the subject of various examinations; in any case, this study has zeroed in on the top 
to bottom blend plan of cement containing nano silica.  
 
Utilizing this plan, different tests on strength and microstructure examination boundaries have been done to 
legitimize the degree and objective of the review. The microstructure examination was likewise not completed 
in significant nS-related examinations; rather, the reason 
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2.2 Methodology 

 
Fig. – 1 Work Flow of Experimental Program 

 
3. Materials and Methods 

 
3.1 List of materials for Experimentation  
1. Cement: Ordinary Portland cement of grade 43 is used to prepare the samples.  
2. Sand: Zone 1 (As Per the Specification of IS:383-1970)  
3. The aggregate will come from Gandhinagar, District. According to the IS: 383-1970 Specification, 

Gandhinagar, Gujarat, was used.  
4. Water: The laboratory's straightforward tap water is utilized as a matrix component. The amount of water 

is measured in relation to the amount of cement.  
5. Nano Silica: less than 100 nm, Sigma Aldrich (Germany) or Nano Fly Ash: less than 100 nm, Nanoshel  
6. Fly Ash: Gandhinagar's GEB Power Plant (if necessary). 7. Super plasticizer: a wide range of Super 

Plasticizers are available. 
 
Cement, fine aggregate, coarse aggregate, and nanomaterials' properties Silica are measured, and the M40 
calculation is made in accordance with IS.  The experimental study that will be conducted using casting cubes. 
The amount of nanosilica that is added to concrete can be changed. A set of nine specimen samples will be cast 
using nanosilica at 0% and a constant weight-to-volume ratio of 0.38. After that, Nano Silica will be utilized in 
a variety of percent methods (such as 0.5%, 1%, 1.5%, etc.), whereas the Fly Ash method can be used to increase 
the percentage. Utilizing the nanosilica that will be used in the constant % method, measure the specimens' 
strength.  Conduct the Strength Tests in general; if necessary, additional tests—such as the Oxygen permeability 
test, the seawater attack test, the acid test, the chloride test, and the sulphate test—can be carried out on that 
specimen with the aid of nanosilica, which will be utilized in an increasing percentage method.  Concentrate 
primarily on concrete's engineering properties, such as its compressive strength. 
 
3.2 Testing of the specimens:  

✓ Compressive strength test  

✓ Flexure strength test  

✓ Split tensile test  

✓ Impact test  

✓ Oxygen Permeability test  

✓  
3.2.1 Compressive strength test  
 The most well-known test for solidified concrete is the pressure test, part of the way because of its 
straightforwardness and incompletely because of the way that most advantageous trademark properties of 
cement are subjectively connected with its compressive strength. Cubic or cylindrical specimens are used for 
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the compression test. Prism is also utilized occasionally, but it is uncommon in our nation. Occasionally, 
flexure-tested portions of a beam are used to determine the concrete's compression strength. After failure in 
flexure, the beam's end sections remain intact; this section of the beam, which typically has a square cross-
section, can be used to determine the beam's compressive strength.  The cube specimen measures 15 cm by 15 
cm by 15 cm. 
 
3.2.2 Test of Flexural Strength 
Concrete is known to be weak in tension and relatively strong in compression. In built up substantial 
individuals, little reliance is put on the elasticity of cement since steel supporting bars are given to oppose every 
single ductile power. Concrete, on the other hand, is prone to developing tensile stresses as a result of numerous 
factors, including temperature gradients, steel reinforcement rusting, drying shrinkage, and other factors. As a 
result, understanding concrete's tensile strength is crucial.  
 
3.2.3 Test of split tensile  
The "Brazilian Test" is another name for the Cylinder Splitting Tension Test. In 1943, Brazil developed this test.  
This was additionally freely evolved in Japan around a similar time. A tube shaped example is set evenly 
between the stacking surfaces of a pressure testing machine, and the heap is applied until the chamber flops 
along its upward width for the test. Vertical compressive stress is applied to an element on the cylinder's vertical 
diameter when the load is applied along the generatrix. The fact that the same specimen and testing apparatus 
can be utilized for this test as for the compression test is the method's primary benefit. This is why people are 
taking this test more and more.  Contrasted with other strain tests, the parting test yields more uniform 
outcomes and is easy to perform. The parting test's solidarity is believed to be nearer to the substantial's 
genuine rigidity than the modulus of break. The value of splitting strength is between 5% and 12% higher than 
the value of direct tensile strength. 
 
3.2.4 Test of impact 
 Substantial's restricted use in a few expected applications and huge foundation fix are because of its 
unfortunate effect load execution and absence of energy retention limit. A material's effect not entirely settled 
by the unexpected utilization of a lot of outer energy to a construction or primary part. At the point when 
filaments are added, influence opposition is the most better mechanical property of the composite. It should 
be noted that impact strength is measured by the number of blows a test subject receives before it exhibits 
rebound, or when it is composed of separate parts rather than a single unit. All published results have a relative 
and conventional value due to the lack of standardized specimens and testing protocols.  
 
3.2.5 Test of Oxygen Permeability 
Infusion is the procedure of moving fluids through the hole construction of concrete when the fluid is saturated 
in the pores and subjected to pressure from the outside. Concrete's permeability has been the subject of 
numerous tests. However, when compared to another, the oxygen permeability test provides a value that is 
both more consistent and more realistic. 
 

4. Mix Design 
 

The Grade M40 concrete mix design, following IS: 10262-2009, meticulously orchestrates every facet of the 
process to achieve an optimal blend of materials. Project conditions, including a target compressive strength 
of 40 N/mm², OPC 43 cement usage, and extreme exposure conditions for RCC structures, are 
comprehensively appraised. Material properties are meticulously examined, determining specific gravity, 
compressive strength, and water absorption percentages for cement, mineral admixtures, and aggregates. 
The systematic sequence of calculations proceeds as follows: 

• Target Mean Strength Determination: Integrating characteristic compressive strength (fck) with standard 
deviation (s) to derive the target mean compressive strength (f'ck) at 28 days. 

• Water-Cement Ratio Selection: A judicious selection aligns with maximum permissible values, ensuring 
optimal cement hydration. 

• Water and Sand Content Estimation: Estimating water content, adjusting for slump requirements and 
mineral admixture utilization, establishes sand proportions. 

• Cementitious Material Content Calculation: Calculating cementitious material content, guided by water-
cement ratio and statutory requisites, assures conformance to standards. 

• Coarse Aggregate Proportion Adjustment: Fine-tuning coarse aggregate proportion aligns with stipulated 
water-cement ratio, optimizing mix proportions. 

 
Meticulous calculations yield precise volumes and masses of constituent materials, accounting for moisture in 
aggregates and water absorption. The result is definitive mix proportions meeting Grade M40 concrete 
demands, ensuring structural robustness, longevity, and durability against environmental challenges. Through 
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meticulous attention to detail and adherence to standards, confidence in the reliability and performance of 
Grade M40 concrete is fostered, poised to fulfill its function with efficacy and resilience. 
 

5. Results and Discussion 
 

5.1Oxygen Permeability Test:  
Penetration is the development of liquids through the pore construction of substantial when the liquid is soaked 
in the pores and exposed to strain from an external perspective. Numerous tests have been conducted on the 
permeability of concrete. There are essentially two sorts of these tests: Penetrability tests endeavor to decide 
the Darcy coefficient of porousness through stream. Under a supported strain head, this is achieved by 
estimating the tension inclination (stream rate) through concrete. For thick cements, these tests are illogical 
and can consume most of the day. Inflow permeability tests measure the depth of fluid penetration after 
applying pressure for some time. A substantial example is exposed to an underlying strain from a falling head 
permeameter, which is permitted to diminish as saturation continues. This method maintains a high level of 
accuracy due to the fact that pressure can be consistently monitored over time. The falling head gas 
permeameter test, which Ballim developed at the University of the Witwatersrand, is used in this situation. A 
schematic outline of the test contraption can be tracked down in Figure. Inflow porousness tests are more 
straightforward to perform than through stream penetrability tests. 
 

 
Fig. 2: Configuration of the oxygen permeability test 

 

 
Fig. 3: Configuration of the oxygen permeability test set up 

 
  With the underlying strain set at 100 kPa, the not entirely set in stone by estimating the tension rot over the 
long run. As shown in Fig., data loggers read the pressure every minute to measure the pressure decay. 3. The 
observed pressure decay was transformed into a linear relationship when the logarithmic ratio of pressure 
heads against time was plotted.  
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5.2 Scope   
 The technique for deciding the oxygen penetrability list as initially portrayed by Alexander, Ballim, and 
Mackechnie is illustrated in this test strategy. The test is useful for evaluating mixture proportions and 
materials for design and R&D. The test can also be used for real-world quality control on the job. This test ought 
not be done 28 days subsequent to projecting. Example age might essentially affect test results, contingent 
upon the sort of cement and the way things were restored. The stove drying technique has been decided to 
guarantee that the substantial examples will have minimal measure of miniature design change and the most 
uniform dampness content. Notwithstanding, research has shown that some great cement might support 
critical microstructural harm. Subsequently, the understanding of these cements' outcomes ought to be wary. 
Concrete with an ostensible total size that is more noteworthy than as far as possible can't be tried utilizing this 
technique. 26.5 mm. 
 
5.3 Apparatus   

• An oven that can keep the temperature at 50 degrees Celsius. (Keep in mind that the majority of lab ovens 
have vents and a forced draft. However, if the oven being used is closed (no ventilation), saturated calcium 
chloride solution trays must be added to keep the oven's relative humidity constant.  During the test, the 
plate ought to have a complete uncovered area of something like 1 m2 for each 1 m3 of broiler volume and 
enough strong calcium chloride to show over the arrangement's surface.) 

• The arrangement of the permeability test as shown in fig. No. 5.17, which is kept at a continuous temperature 
of 23.2 degrees Celsius in a room. Using impermeable test specifications, the equipment must be regularly 
tested for airtightness. A 24-hour drop of 0 kPa from the initial pressure of 100 kPa is required. The cell 
must have a volume between 3.5 and 5.5 L.  

5.4 Test Specification  
Each test requires four test specimens.  A substantial plate with a center thickness of 25 mm and a breadth of 
68 mm is expected for the test example, which should be cut as per the substantial Solidness File Testing 
monograph. 
5.5 Disorder of Examples  
 Straightforwardly subsequent to cutting the examples will be set in the broiler at 50±2o C for 7days±4 hours. 
5.6 challenging of examples  
a)  Cool the specimens on a steel tray in the desiccators to 23 degrees Celsius for at least two hours and up to 

four hours. On the other hand, the examples can be cooled for something like two hours and something like 
four hours on a steel plate in a room with controlled surrounding temperatures of 23 degrees Celsius and 
relative moistness of under 60%. To determine the specimens' temperatures, insert a thermometer between 
the test faces. 

b)  Mark the examples of similar reference following they are taken out from the dessicators: 1.0 H%, 1.5 H%, 
2.0 H%, and 1.0 H% for typical curried. 2.5% and 3.0% for the hot curry water test, individually.  

c) Measure each specimen's thickness and diameter to within 0.02 millimeters using the vernier at four equally 
spaced points around the specimen's perimeter and record the results. Record to the closest 0.02 mm the 
normal of the four readings.  

d) Place the test face, also known as the outer face, at the base of the specimen when inserting it into the 
compressible collar. Between the collar and the test example, there ought to be no holes apparent. 

e) Place the collar in the PVC sheath with the wooden ring on top of it (the wooden ring is optional, depending 
on how the equipment is set up), making sure that there are no gaps between the collar and the sheath once 
more. Place over the permeability cell's top.  

f) Position the shelter bowl and tauten.  
g) Take the specimen out of the desiccator 30 minutes to 5 minutes before beginning each test.  
h)  Permit oxygen to move through the permeameter for five seconds by opening the oxygen bay and outlet 

valves on the porousness cells. The test room will be tidied up by this. 
i) Close the permeability cells' oxygen outlet valve.  
j) Close the inlet valve when the pressure on the permeability cell's gauge exceeds 100 kPa.  
k) To safeguard a precise interpretation, tap the gauge. The lockup's pressure can be adjusted to 100 kPa-5 kPa 

by slightly opening the outlet valve. Keep track of the initial precise pressure, P0, and the initial time, t0, 
both to the nearest 0.5 kPa. Within 5 kPa of 100 kPa, this initial pressure ought to be. In the calculations, 
use t0 and P0 as such. 

l) After five minutes, blow the device and take a interpretation of the heaviness and time. There may be a leak 
if the pressure drops too quickly (more than 5 kPa per minute). If this is the case, the pressure in the 
chamber should be let go, the sample should fit snugly in the collar, and the test should be restarted right 
away.  

m) After that, measurements should be taken frequently enough to ensure that the pressure does not drop more 
than 5 kPa  1 kPa between measurements. Note the time to the adjacent miniature and the weight in the test 
cell to the nearest 0.5 kPa for each reading.  

n) The test can be stopped when the pressure drops below 50kPa2.5kPa or after six hours and fifteen minutes, 
whichever comes first. There must be at least eight readings. Note that the readings can be automated.  For 
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this situation, pressure readings ought to be taken on a PC at regular intervals until the tension drops to 50 
kPa-5 kPa or until 6 hours and 15 minutes have passed, whichever starts things out. The estimation will 
utilize all of the subsequent pieces of information  

o) The water sorptivity test can utilize similar materials as the oxygen porousness test. 
5.7 Oxygen Permeation Tests  
 The most common way of moving liquids or gases through the substantial pore structure when the pores are 
immersed with a specific liquid or gas under outside tension is known as pervasion. Therefore, the capacity of 
concrete to absorb gases or liquids is measured by its permeability. The microstructure of the material, its 
dampness content, and the properties of the pervading specialist all impact the penetrability of cement. While 
testing the properties of concrete, vaporous move through an example under a remotely applied pressure slope 
is generally used to distinguish saturation qualities. Gas porousness attributes are utilized to foresee the section 
of carbon dioxide into substantial individuals with regards to sturdiness determinations. 
5.8 Oxygen Permeability Index Test, Opi  
 The oxygen penetrability file (Creations) test in South Africa includes estimating the strain rot of oxygen 
through a 68 mm-width, 25 mm-thick substantial plate put in a falling head permeameter. The test example is 
exposed to a tension slope, and the strain rot in the strain cell is then followed over the long haul (fig. 5.18). 
Tests are preconditioned by seven days of broiler drying at 50 degrees Celsius before testing. 
 Where:  
 P0=100Kpa  
Z=In (P0 /P) 2 / (In (P0 /P)*t)  
 =0.000116052  
K = (ωVgd/RAθt) х (In P0 /P)   
= 6.37264E-10  
  OPI=-log10 (K) = 9.196  
 
5.9 Oxygen Permeability  
 The oxygen permeability index (OPI) of the measured samples is shown in Table 14.9.11. Most of the examples 
had a Creations esteem somewhere in the range of 9 and 9.5, which shows that the substantial has unfortunate 
penetrability properties. The typical Creations an incentive for the whole substantial example was inside this 
reach. The oxygen porousness test assesses the in general miniature and macrostructure of the external surface 
of cast concrete, so there will be some variety in the outcomes. Because they permeate gas, macrovoids and 
cracks make it particularly vulnerable. 
5.10 Opi Remark of Usual Concrete  
 For the 1.0, 1.5, and the percentage of silica in hot cured was 2.5%, whereas the percentage of silica in normal 
curried was 1.0, 1.5, 2.0, and 2.5%. The permeability index (OPI) was found to be between 9.0 and 9.25. 
Customary Concrete subsequently, it is sorted as concrete with low porousness properties and, 3.0 percent for 
both hot and cold curried ordinary cement, which is considered to have a high pore penetrability. The rate of 
microstructure development or densification in hot-cured concrete was also significantly faster than in cold-
cured concrete, as can be seen. Also, 1.0% nS and its ideal application in Common Cement can be noticed. 
 

6. Conclusion 
 

The mix design for concrete with nano-silica (nS), adhering to a water-cement ratio of 0.40 and Grade M40 as 
per IS: 10262 - 2009, aims to enhance cement compressive strength. While ordinary cement's strength 
resembles medium-strength concrete, inherent strength doesn't directly correlate with material strength. 
Recent trials reveal that concrete with nS achieves a balance between strength and flexibility, crucial for 
structural performance. Flexural strength evaluations through two-point bending tests offer consistent results, 
highlighting the superiority of concrete with nS. Impact strength assessments, particularly the "repeated 
impact" drop weight test, demonstrate concrete with nS's resilience. Notably, concrete with nS exhibits strain-
hardening properties, making it suitable for impact-resistant structures, unlike ordinary cement. Moreover, 
water sorptivity and oxygen permeability tests reveal lower porosity levels in concrete with nS compared to 
traditional concrete, underlining its favorable properties. 
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