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Abstract— The construction industry is a major consumer of 

material and energy sources in the world. Among all the 

materials used in construction, concrete is the most widely 

used which have a significant impact. Meanwhile, 

nanotechnology is one of the most influential technologies in 

this century and it has significantly impacted the construction 

sector. The main objective of this study is to investigate the 

effect of nano silica and silica fume on the mechanical 

properties of High performance concrete. In this study, 

Mechanical properties like compressive strength, split tensile, 

flexural strength of high performance concrete containing 

nano silica and silica fume have been investigated. For this 

purpose, different trail mixtures were designed with different 

amounts of silica fume and nano silica admixtures. Portland 

cement was partially replaced by 1%, 1.5%, 2%, 3% of nano 

silica and silica fume were replaced by 5%, 7.5%, and 10%. 

The results confirmed that both nano silica and silica fume 

performs better than the conventional concrete in mechanical 

properties. Owing to the size of nano silica, it shows better 

results than the silica fume. 
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I. INTRODUCTION 

Concrete is the most widely used construction material in 

India with annual consumption exceeding 100 million cubic 

metres. It is well known that conventional concrete designed 

on the basis of compressive strength does not meet many 

functional requirements such as impermeability, resistance to 

environment exposure, resistance to frost, thermal cracking 

adequately. As a result, innovations of supplementary 

materials and composites have been developed. Therefore, it 

is felt necessary to improve the strength and performance of 

concrete with suitable admixtures to cater present need. Due 

to enhanced mechanical properties high performance 

concrete (HPC) has gained wider acceptance in the 

construction of tall buildings, bridges and marine structures. 

Aitcin defines HPC as a low water/binder concrete with an 

optimised aggregate - binder ratio to control its dimensional 

stability (i.e. drying shrinkage), and which receives an 

adequate water-curing (to control autogenous shrinkage). For 

the past few decades, HPC has undergone many 

developments based on the influence of cement type, type and 

proportions of mineral admixtures, type of superplasticiser 

and the mineralogical composition of coarse and fine 

aggregates. For producing HPC, it is well recognised that the 

use of supplementary cementitious materials (SCM), such as 

silica fume (SF), nano silica (NS), ground granulated glass 

blast-furnace slag (GGBS) and fly ash (FA), are necessary. 

These materials, when used as mineral admixtures in HPC, 

can improve either or both the strength and durability 

properties of concrete. Concretes with these cementitious 

materials are used extensively throughout the world. Some of 

the major users are power, gas, oil and nuclear industries. The 

applications of such concretes are increasing with the passage 

of time due to their superior structural performance, 

environmental friendliness and low impact on energy 

utilisation. 

II. LITERATURE REVIEW 

Elahi, Basheer, Nanukuttan Khan (2010) has evaluated the 

mechanical and durability properties of high performance 

concretes containing supplementary cementitious materials. 

In this they studied both mechanical and durability properties 

of high performance concretes containing supplementary 

cementitious materials in both binary and ternary systems. 

The mechanical properties were assessed from the 

compressive strength, whilst the durability characteristics 

were investigated in terms of chloride diffusion, electrical 

resistivity, air permeability and water absorption. The test 

variables included the type and the amount of supplementary 

cementitious materials (silica fume, fly ash and ground 

granulated blast-furnace slag). Portland cement was replaced 

with fly ash up to 40%, silica fume up to 15% and GGBS up 

to a level of 70%. The results confirmed that silica fume 

performs better than other supplementary cementitious 

materials for the strength development and bulk resistivity. 

The ternary mixes containing ground granulated blast-

furnace slag/fly ash and silica fume performed the best 

amongst all the mixes to resist the chloride diffusion. The mix 

containing fly ash showed favourable permeation results. All 

the ternary combinations can be considered to have resulted 

in high performance concretes with excellent durability 

properties. 

 Rahel Kh. Ibrahim, Hamid, Taha (2012) has 

presented the Fire resistance of high-volume fly ash mortars 

with nanosilica addition. In this study, cement was replaced 

by high-volume fly ash combined with colloidal nanosilica to 

produce high strength mortars with high residual strength 

after exposure to high temperatures of 400⁰  C and 700⁰  C. 

Heated and unheated specimens were subjected to flexural 

and compression tests. The samples were evaluated by 

scanning electron microscopy (SEM), X-ray diffraction 

(XRD) and thermogravimetric analysis (TGA) tests; and their 

porosity were determined using BET (Brunauer, Emmett, and 

Teller) technique to study the specimens’ behavior after 

exposure to high temperatures. High strength mortars can be 

produced using nanosilica and fly ash with resultant high 

residual strength, as confirmed by the porosity, XRD and 

TGA tests results. Test results shows that the High strength 

mortars that have equivalent residual strength after exposure 

to 700⁰  C to that of control cement mortar specimens before 

exposure to high temperature can be produced by replacing 

cement with high-volume fly ash and using colloidal nano 

silica. After exposure to high temperatures, the pore size 

distribution for the materials decreased and was more 

significantly decreased for the nanosilica and fly ash 
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contained specimens. This new finding was detected by 

measuring the amount of nano-scale pores in the material 

after high temperature exposure, which refers to the 

production of more compact products. XRD tests showed that 

a type of reaction occurs between the silica from the nano 

silica and fly ash contained specimens and the calcium 

silicate produced by the dehydration of calcium silicate 

hydrate after exposure to 700⁰  C, which produces a new 

binding material that may result in the high residual strength 

seen in these specimens after exposure to 700⁰  C. 

 Said, Zeidan, Bassuoni, Tian (2012) has investigated 

the Properties of concrete incorporating nano-silica. This 

study investigated the effect of colloidal nano-silica on 

concrete incorporating single (ordinary cement) and binary 

(ordinary cement + Class F fly ash) binders. In addition to the 

mechanical properties, the experimental program included 

tests for adiabatic temperature, rapid chloride ion 

permeability, mercury intrusion porosimetry, 

thermogravimetry and backscattered scanning electron 

microscopy in order to link macro and micro-scale trends. 

Significant improvement was observed in mixtures 

incorporating nano-silica in terms of reactivity, strength 

development, refinement of pore structure and densification 

of interfacial transition zone. This improvement can be 

mainly attributed to the large surface area of nanosilica 

particles, which has pozzolanic and filler effects on the 

cementitious matrix. Micro-structural and thermal analyses 

indicated that the contribution of pozzolanic and filler effects 

to the pore structure refinement depended on the dosage of 

nano-silica. 

III. MATERIALS USED IN HIGH PERFORMANCE CONCRETE 

A. Cement 

The cement used in this study was OPC 53 grade from KCP 

Cement Company which is widely used in the construction 

industries. The chemical and properties of cement are shown 

in Table 1 which is given by the supplier. The physical 

properties of cement was determined by testing the cement as 

per IS 12269:1987 (reaffirmed 2004) using pycnometer and 

vicat’s apparatus and the test results are shown in Table 2. 

Component % 

Sio2 21.8 

Al2O3 4.8 

Fe2O3 3.8 

CaO 63.3 

SO3 2.2 

MgO3 0.9 

Na2O 0.21 

K2O 0.46 

Cl 0.04 

P2O5 < 0.04 

Loss of ignition 2 

Insoluble residue 0.4 

Table 1: Chemical Composition of Cement 

1. Specific Gravity 3.12 

2. Standard consistency 32% 

3. Setting time  

 (i) Initial setting time 125 mins 

(ii) Final setting time 281 mins 

Table 2: Physical Properties of OPC 53 Grade 

B. Silica Fume 

Silica Fume has been used all over the world for many years 

in the area where high strength and durable concrete were 

required. Silica Fume improves the characteristics of both 

fresh and hardened concrete. Silica fume (SF) is a byproduct 

of the smelting process in the silicon and ferrosilicon 

industry. The reduction of high-purity quartz to silicon at 

temperatures upto 2,000⁰ C produces SiO2 vapours, which 

oxidizes and condense in the low temperature zone to tiny 

particles consisting of non-crystalline silica. By-products of 

the production of silicon metal and the ferrosilicon alloys 

having silicon contents of 75% or more & 85–95% non-

crystalline silica. The by-product of the production of 

ferrosilicon alloy having 50% silicon has much lower silica 

content and is less pozzolanic. Silica fume is also known as 

micro silica, condensed silica fume, volatilzed silica or silica 

dust. Silica fume colour is either premium white or grey 

which is shown in Fig 1. 

 
Fig. 1: Silica Fume 

 The American concrete institute (ACI) defines silica 

fume as a ‘‘very fine non crystalline silica produced in 

electric arc furnaces as a by-product of production of 

elemental silicon or alloys containing silicon’’. Its typical 

physical and chemical properties are given in Table 3 & 4. 

Property Value 

Particle size < 1 µm 

Specific gravity 2.22 

Surface area 13,000–30,000 m2/kg 

Bulk density 480 – 720 kg/m3 

Table 3: Typical Physical Properties of Silica Fume 

Oxides Percentage 

 SiO2 92.1 
Al2O3 0.5 
Fe2O3 1.4 
CaO 0.5 
MgO 0.3 
K2O 0.7 
Na2O 0.3 
SO3 0.17 

Table 4: Chemical Composition of Silica Fume 

C. Nano Silica 

Nano silica fume (NSF) is synthetic product with spherical 

particles in the range of 1-100 nanometers in Fig 2. It act as a 

viscosity modifying agent in combination with super 

plasticizers in order to produce high performance concrete. 
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The performance of these cementitious based materials is 

strongly dependent on nano-sized solid particles, such as 

particles of calcium–silicate–hydrates (C–S–H), or nano-

sized porosity at the interfacial transition zone between 

cement and aggregate particles. Typical properties affected 

by nano-sized particles or voids are strength, durability, 

shrinkage and steel-bond. Nano-particles of SiO2 (nS) can fill 

the spaces between particles of gel of C S–H, acting as a 

nano-filler. Furthermore, by the pozzolanic reaction with 

calcium hydroxide, the amount of C–S–H increases, resulting 

a higher densification of the matrix, which improves the 

strength and durability of the material. Nano-silica can 

decrease the setting time of concrete when compared with 

silica fume (SF) and reduce bleeding of water and 

segregation, while improving the cohesiveness of the 

mixtures in the fresh state. The properties of nano silica which 

is given by the supplier is shown in Table 5. 

Property Value 

Particle size 15-40 nm 

Specific surface area 600 m2/g 

Active nano content 40-41.5 

pH 9.4 

Specific gravity 1.3-1.32 

Table 5: Properties of Nano-Silica 

 
Fig. 2: Nano Silica 

D. Coarse Aggregate 

In high performance concrete, careful attention must be given 

to aggregate size, shape, surface texture, mineralogy, and 

cleanliness. Coarse aggregates shall be machine-crushed 

stone of black trap or equivalent black hard stone and shall be 

hard, strong, dense, durable, clean or procured from quarries 

approved by the client/consultant. Generally coarse aggregate 

shall be cubical in shape and not flake or elongated. For each 

source of aggregate and concrete strength level, there is an 

optimum-size aggregate that will yield the most compressive 

strength per unit of cement. Many studies have found that 9.5 

mm to 12.5 mm nominal maximum-size aggregates give 

optimum strength. In high performance concretes, the 

strength of the aggregate and the bond or adhesion between 

the paste and aggregate become important factors. Crushed-

stone aggregates produce higher compressive strength in 

concrete than gravel aggregate. In this study, crushed 

aggregate of size 12.5 mm in angular shape is used its 

properties are shown in Table 6. 

Specific gravity 2.935 

Density 1567 kg/m3 

Impact value 22.12% < 45% 

Crushing value 24.44% < 45% 

Table 6: Properties of the Course Aggregate 

E. Fine Aggregate 

Due to the high amount of cementitious material in high-

strength concrete, the role of the fine aggregate (sand) in 

providing workability and good finishing characteristics is 

not as crucial as in conventional strength mixes. Sand with a 

fineness modulus (FM) of about 3.0 are considered as a 

coarse sand and it has been found to be satisfactory for 

producing good workability and high compressive strength. 

Although fineness modulus is most commonly computed for 

fine aggregates, the fineness modulus of coarse aggregate is 

needed for some proportioning methods. For sands used in 

concrete, the fineness modulus generally ranges from 2.3 to 

3.1. Aggregates for concrete shall be procured from approved 

sources conforming to the specifications of IS:383 - 1970 and 

shall be chemically inert, clean, strong, durable, with limited 

porosity and free from deleterious materials which cause 

corrosion of reinforcement or may impair the strength and 

durability of concrete. The fine aggregate was tested as per 

the limits specified IS: 2386 (Part-3):1963. The properties are 

shown in Table 7 & 8. In this study, fine aggregate having a 

fineness modulus of 2.7 and it confirming to zone 2 and sieve 

analysis for sand is shown in Fig 3. 

Specific gravity 2.66 

Fineness modulus 2.7 

Bulk density 1.65 kg/m3 

Type of sand Medium sand (zone 2) 

Table 7: Properties of Fine Aggregate 

Sl.no 
Sieve 

size 

Weight 

retained 

% 

Weight 

retained 

Cumulative 

% retained 

% 

finer 

1 10 0 0 0 100 

2 4.75 38 3.8 3.8 96.2 

3 2.36 15 1.5 5.3 94.7 

4 1.18 82 8.2 13.5 86.5 

5 0.6 331 33.1 46.6 53.4 

6 0.3 347 34.7 81.5 18.5 

7 0.15 167 16.7 97.6 2.4 

8 0.075 19 1.9 99.5 0.5 

9 Pan 5 0.5 100 0 

Table 8: Sieve Analysis for Sand as Per Is: 383- 1970 

 
Fig 3: Sieve Analysis for Sand 
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F. Water 

Water is an important ingredient in cement paste, as it 

chemically participates in the reactions with cement to form 

the hydration product, C-S-H gel. The strength of cement 

mortar depends mainly from the binding action of the 

hydrated cement paste C-S-H gel. For high performance 

concrete it is important to have the compatibility between the 

given cement and the chemical and mineral admixtures along 

with water used for mixing. Quality and quantity of water is 

required to be looked very carefully. 

G.  Superplasticizer 

The use of chemical admixtures such as water reducers, 

retarders, high-range water reducers or superplasticizers is 

necessary. They make more efficient use of the large amount 

of cementitious material in high performance concrete and 

help to obtain the lowest practical water to binder ratio. 

Appearance 

 

Light brown liquid 

Relative Density 

 

1.08 ± 0.01 at 25°C 

pH >6 

 Chloride ion content < 0.2% 

 Table 9: Properties of Superplasticizer 

 In this study, GLENIUM B233 polycarboxylic ether 

based superplasticizer is used. The properties of GLENIUM 

B233 is shown in Table 9. The product is primarily developed 

for applications in high performance concrete where the high 

durability, workability and performance is required. 

GLENIUM B233 ensures that rheoplastic concrete remains 

workable in excess of 45 minutes at +25°C. Workability loss 

is dependent on temperature, and on the type of cement, the 

nature of aggregates, the method of transport and initial 

workability. Optimum dosage of GLENIUM B233 should be 

determined with trial mixes. 

IV. EXPERIMENTAL INVESTIGATIONS 

A. Mix Proportion Arrived From Phase I 

Based on the ACI method of mix design, several trail mix 

proportions are arrived for M60 grade of concrete. Based on 

the trail mixes, the mix proportion is arrived by testing both 

fresh and hardened concrete. The mix proportion is arrived 

based on the workability test and compressive strength test. 

The mix which achieves both workability (slump) and 

compressive strength of concrete is selected as a final mix 

proportion for partial replacement of cement by silica fume 

of 5%, 7.5%, and 10% and nano silica by 1%, 1.5%, 2%, and 

3%. The mix proportion arrived from the trail mixes is 

1:0.82:2.07 with a W/B ratio of 0.31. 

B. Mix Proportions for Replacement 

Based on the mix proportion arrived from the phase I, the 

cement was partially replaced with nano silica by 1%, 1.5%, 

2%, 3% and silica fume by 5%, 7.5% and 10% at constant 

water-binder ratio of 0.31. A total of 7 trail mixes or 

combinations are arrived for M60 grade. In all the above 

combinations, a polycarboxylic ether based superplasticizer 

is used for obtaining the workable concrete. In order to 

achieve the required slump, superplasticizer dosage is varied 

by percentage. The different percentage of replacement of 

nano silica and silica fume are shown in table 10 

S.no Mix identification NS replacement (%) SF replacement (%) W/B ratio Superplasticizer (%) 

1 CC - - 0.31 0.4 

2 NS 1 1 - 0.31 0.4 

3 NS 1.5 1.5 - 0.31 0.45 

4 NS 2 2 - 0.31 0.5 

5 NS 3 3 - 0.31 0.6 

6 SF 5 - 5 0.31 0.5 

7 SF 7.5 - 7.5 0.31 0.7 

8 SF 10 - 10 0.31 0.8 

Table 10: Mix Proportions of HPC Trial Mixes for M60 Grade

V. TESTS RESULTS & DISCUSSIONS 

A. Workability of Concrete 

The tests results of workability are shown in Table 11. The 

water to binder ratio was kept constant as 0.31 for all the 

mixes. From the test results it is observed that, when Nano 

silica and silica fume was partially replaced for cement the 

workability of concrete was achieved by increasing the 

superplasticizer content. This is due to the addition of nano 

silica and micro-silica containing high specific surface area 

leads to lower workability. Such effect can result in higher 

water demand to maintain a constant slump. Hence water-

reducing admixtures or superplasticizers should be dosaged 

by weight of nano silica and micro-silica in order to keep 

water demand similar to that of control. 

Mix designation NS (%) SF (%) SP content (%) 
Workability in terms of 

Slump (mm) Compaction factor Vee-bee (secs) 

CC 0 0 0.4 55 0.94 4 

NS 1 1 0 0.4 28 0.82 21.37 

NS 1.5 1.5 0 0.45 31 0.84 19.26 

NS 2 2 0 0.5 34 0.87 16.61 

NS 3 3 0 0.6 38 0.89 11.43 

SF 5 0 5 0.8 25 0.79 17.54 

SF 7.5 0 7.5 0.7 37 0.87 10.41 

SF 10 0 10 0.8 44 0.92 9.2 

Table 11: Workability Tests Results for M60 Mix
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B. Compressive Strength of Concrete 

The compressive strength tests were carried out on the cube 

specimens at various ages like 7, 28, 56 and 90 days and the 

tests results are shown in Table 12. When Nano silica and 

Silica fume is added to concrete, it results in a significant 

change in the compressive strength of the mix. This is mainly 

due to the aggregate-paste bond improvement and enhanced 

microstructure. From the test results it is observed that when 

the Nano silica were replaced partially for cement the 

compressive strength of concrete are increased at the earlier 

ages. The maximum compressive strength are obtained for 

mix with 3% of NS and 7.5% of SF. This was due to the 

reaction of nano silica and silica fume with calcium 

hydroxide formed during the hydration of cement that caused 

the formation of calcium silicate hydrate (C–S–H). It was also 

due to the filler role of very fine particles of nano silica and 

silica fume. Furthermore, concretes containing different 

levels of silica fume showed lower rates of compressive 

strength gain in early ages. The variation of compressive 

strength for the mix containing nano silica and silica fume at 

various ages are shown in the form of graph and it is shown 

in Fig 4 and 5. 

Mix 

design

ation 

NS 

(%) 

SF 

(%) 

Avg cube compressive strength 

at various ages (N/mm2) 

7th 

day 

28th 

day 

56th 

day 

90th 

day 

CC 0 0 38.8 62.4 64.9 67.4 

NS 1 1 0 46 67 70.2 70.5 

NS 1.5 1.5 0 48.3 69 70.7 71.9 

NS 2 2 0 52.6 72.1 73.2 78.9 

NS 3 3 0 51.7 70.2 71 72.9 

SF 5 0 5 44 63.9 74.7 77.1 

SF 7.5 0 7.5 46.2 69 76.7 78.3 

SF 10 0 10 45.7 64.6 75.2 77.9 

Table 12: Cube Compressive Strength Results at Various 

Ages 

 
Fig. 4: Variation of Compressive Strength for % of NS 

Replacement 

 
Fig. 5: Variation of Compressive Strength for % of SF 

Replacement 

C. Split Tensile Strength 

The test results of split tensile strength of concrete containing 

Nano silica and Silica fume at 28th day, 56th day and 90th day 

is shown in Table 13. From the test results it is shown that the 

split tensile strength was increased gradually when increasing 

the percentage of nano silica content. But when silica fume 

was partially replaced the split tensile strength was increased 

upto the 7.5% of replacement and then it is reduced. 

Mix 

designation 

NS 

(%) 

SF 

(%) 

Split tensile strength at 

various ages (N/mm2) 

28th 

day 

56th 

day 
90th day 

CC 0 0 5.78 5.85 6.1 

NS 1 1 0 6.6 6.92 6.95 

NS 1.5 1.5 0 6.83 7 7.12 

NS 2 2 0 7.21 7.32 7.89 

NS 3 3 0 7 7.08 7.27 

SF 5 0 5 6.30 7.3 7.54 

SF 7.5 0 7.5 7.25 7.95 8.11 

SF 10 0 10 6.89 7.7 7.97 

Table 13: Split Tensile Strength Results at Various Ages 

D. Flexural Strength 

The test results of flexural strength of concrete at 28th day, 

56th day and 90th day is shown in Table 14. When adding 

Nano silica and silica fume to the concrete it seemed to have 

a pronounced effect on flexural strength in comparison with 

splitting tensile strength. For flexural strengths, even very 

high percentages of nano silica and silica fume significantly 

improve the strengths. Also it was found that there was a 

steady increase in the flexural strength with increase in the 

silica fume replacement percentage. 

Mix 

designation 

NS 

(%) 

SF 

(%) 

Flexural strength at 

various ages (N/mm2) 

28th 

day 

56th 

day 

90th 

day 

CC 0 0 7.5 7.75 8 

NS 1 1 0 8.0 8.32 8.35 

NS 1.5 1.5 0 8.5 8.67 8.79 

NS 2 2 0 10.5 10.61 11.18 

NS 3 3 0 9 9.08 9.27 
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SF 5 0 5 8 9.1 9.32 

SF 7.5 0 7.5 9.5 10.27 10.43 

SF 10 0 10 9 10.06 10.33 

Table 14: Flexural Strength Results at Various Ages 

VI. ACKNOWLEDGMENT 

The following conclusions are drawn from the obtained 

experimental results: 

 Due to the particle size and specific surface area of nano 

silica and silica fume, water demand for the HPC mixes 

are higher. In order to achieve the required workability 

superplasticizer dosage is increased from 0.4 to 0.8 % by 

weight of cement. 

 When using Silica fume requirement of superplasticizer 

dosage are higher than the NS. 

 The average cube compressive strength at 28th day for the 

mix containing 1%, 1.5%, 2% and 3% of NS are 

increased by 1.41%, 1.8%, 2.2% and 2% respectively. 

Also, there is increasing of cube compressive strength at 

56th and 90th day. 

 The average compressive strength of cube is increasing 

upto 2% of NS and there is a decrease of strength after 

2%. So prediction of optimum content of NS 

replacement are difficult. 

 The average cube compressive strength at 28th day for the 

mix containing 5%, 7.5% and 10% of SF are increased 

by 1.2%, 1.5% and 0.8% respectively. 

 The split tensile strength and flexural strength for the mix 

containing 1%, 1.5%, 2% and 3% of NS are increasing 

upto 2% of NS. For the mix containing SF, the split 

tensile strength and flexural strength are increasing upto 

7.5% SF only. 

 The overall performance of NS in mechanical properties 

is better than the SF and control concrete. Therefore it 

can be concluded that NS replacement upto 3% having 

better mechanical property. From the test results it shows 

that the optimum content of SF replacement are 7.5% 

only. 

 The partial replacement of NS and SF with cement leads 

to reduction in consumption of cement usage. 
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