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Abstract— In this paper the results of an experimental 

investigation on the use of Metakaolin (MK) and Colloidal 

Nano-Silica (CNS) on various properties of concrete are 

presented. Metakaolin and Colloidal Nano Silica are used as 

partial replacement of cement for the preparation of concrete. 

In the present investigation, metakaolin as a partial 

replacement with cement was done at 0%, 5%, 10%, 15%, 

and 20%. Along with the Nano silica Particles 0%, 1%, 2%, 

3%, 4% and 5% by weight. For structural applications the 

various properties, such as compressive strength, durability, 

Permeability of concrete and porosity of M40 grade concrete 

containing MK and CNS are evaluated and the results are 

compared with the controlled concrete. Based on the test 

results, it can be observed that concrete prepared with a 

combination of 5% MK and 2% NS indicated increased 

strength compared to the controlled concrete. Hence, it can 

be concluded that concrete prepared with 5% MK and 2% NS 

combination can be recommended for the structural 

applications. The increase in the strength properties of 

concrete is due to the availability of additional binder in the 

presence of MK and CNS. 

Key words: Metakaolin, Colloidal Nano Silica, M40 Grade 
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I. INTRODUCTION 

A. Overview 

The cement industry is considered to be one of the most 

energy consuming industries, with a high rate of carbon 

dioxide (CO2) emissions. Every year, it is responsible for 

approximately 5% of the global manmade CO2 emissions; 

50% of these emissions are caused by chemical 

manufacturing processes and 40% are due to burning fuel. 

Extensive research efforts have been directed to reducing the 

effect of the cement industry on greenhouse gases either by 

improving the efficiency of the cement manufacturing 

process or by using supplementary cementitious materials, 

which partially replace ordinary cement. Various 

supplementary cementitious materials have been 

investigated, including fly ash, ground granulated blast 

furnace slag, natural pozzolans, and silica fume. Recent 

studies have indicated that the use of new technologies may 

lead to industrial breakthroughs for the manufacture of 

supplementary cementitious materials. It is believed that 

nanotechnology is one of the most promising research fields 

that may significantly improve the mixture design, as well as 

the performance and production of cement-based materials. 

 The mechanical behavior of concrete materials 

depends to a great extent on structural elements and 

phenomena that are effective on a micro- and Nano scale. The 

size of the calcium silicate hydrate (C-S-H) phase, the 

primary component responsible for strength and other 

properties in cementitious systems, lies in the few nanometers 

range. The structure of C-S-H is much like clay, with thin 

layers of solids separated by gel pores filled with interlayer 

and adsorbed water. This has significant impact on the 

performance of concrete because the structure is sensitive to 

moisture movement, at times resulting in shrinkage and 

consequent cracking if accommodations in element sizes are 

not made. Hence, nanotechnology may have the potential to 

engineer concrete with superior properties through the 

optimization of material behavior and performance needed to 

significantly improve mechanical performance, durability, 

and sustainability. 

B. History 

The history of Nano technology dates back to late 1950’s, 

when it was introduced by Nobel laureate Richard P. 

Feynman in his lecture, “There’s of Room at the Bottom”, 

there have been many revolutionary developments in fields 

of science. That has demonstrated his ideas of manipulating 

matter at an extremely small scale, the level of molecules and 

atoms, i.e. The Nano Scale. The excellent user friendly 

characteristics of Nano technology has a big role to play 

because of substantial benefits in construction both 

quantitatively and qualitatively. 

C. General 

Nanotechnology is an emerging field of science related to the 

understanding and control of matter at the Nano scale, i.e., at 

dimensions between approximately 1 and 100 nm. At the 

Nano scale, unique phenomena enable novel applications. 

Nanotechnology encompasses Nano scale science, 

engineering, and technology that involve imaging, 

measuring, modeling, and manipulating matter at this length 

scale. 

 Nano scale particles are not new in either nature or 

science. Recent developments in visualization and 

measurement systems for characterizing and testing materials 

at the Nano scale have led to an explosion in nanotechnology-

based materials in areas such as polymers, plastics, 

electronics, car manufacturing, and medicine. Concrete, the 

most ubiquitous material in the world, is a nanostructured, 

multiphase, composite material that ages over time. It is 

composed of an amorphous phase, nanometer- to 

micrometer-size crystals, and bound water. The properties of 

concrete exist in, and the degradation mechanisms occur 

across, multiple length scales (Nano to micro to macro) where 

the properties of each scale derive from those of the next 

smaller scale. Nano engineering of concrete can take place in 

one or more of the three locations such as in the solid phases, 

in the liquid phases or at the interfaces between liquid–solid 

and solid-solid. The development of Nano technology based 

concrete materials requires a multidisciplinary approach, 

consisting of teams of concrete materials experts: civil 

engineers, chemists, physicists, and materials scientists. An 
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overview of how nanotechnology could be applied to 

concrete technology, emphasizing the multidisciplinary 

approach needed for successful breakthroughs leading to 

ultra-high performance materials and new multi scale models 

that enable the prediction of bulk material properties from 

composition and processing parameters. Researchers found 

opportunities for nanotechnology leading to new concrete 

products and materials, and also for improving the 

sustainability and reducing the environmental footprint of 

concrete-based materials in the future. 

II. LITERATURE CONTENT 

The extensive literature review was carried out by referring 

standard journals, reference books, I.S. codes and conference 

proceeding. The major work carried out by different 

researchers is summarized below 

 The Researcher carried out experimental 

investigation on the use of Metakaolin (MK) and Nano Silica 

(CNS) on various properties of concrete are presented. 

Metakaolin and Nano-Silica are used as partial replacement 

of cement for the preparation of concrete. In the present 

investigation initially cement is partially replaced by 

Metakaolin 5% and 10% by weight. Further investigation is 

carried out by combined replacement of Metakaolin at 5% 

and 10% with Nano-Silica at 1%, 2% and 3% by weight of 

cement. For structural applications the various properties, 

such as compressive strength, split tensile strength, modulus 

of elasticity and flexural strength of M25 grade concrete 

containing MK and CNS are evaluated and the results are 

compared with the controlled concrete. Based on the test 

results, it can be observed that concrete prepared with a 

combination of 5% MK and 2% NS indicated increased 

strength compared to the controlled concrete. The Researcher 

concluded that concrete prepared with 5% MK and 2% CNS 

combination can be recommended for the structural 

applications. The Increase in the strength properties of 

concrete is due to the availability of additional binder in the 

presence of MK and CNS. [1] 

 The use of metakaolin as a partial replacement for 

cement decreased the plastic density of the mixtures. The 

results shows that by utilizing local metakaolin and Cement 

designed for a low water/binder ratio of 0.3 High strength and 

high performance concretes can be developed and 

compressive strengths of more than100 Mpa can be realized. 

The optimum replacement level of OPC by metakaolin was 

10 %, which gave the highest compressive strength in 

Comparison to that of other replacement levels; this was due 

to the dilution effect of partial cement replacement. These 

concretes also exhibited a 28-day splitting tensile Strength of 

the order of 5.15 % of their compressive Strength and showed 

relatively high values of modulus of elasticity. Splitting 

tensile strengths and elastic Modulus results have also 

followed the same trend to that of compressive strength 

results showing the highest values at 10 % replacement. As 

far as the durability properties are concerned, local 

metakaolin found to reduce water permeability, absorption, 

and chloride permeability as the replacement percentage 

Increases. [2] 

III. METHODOLOGY 

For developing concrete mix, it is important to select proper 

ingredients, evaluate their properties and understand the 

interaction among different materials. 

A. The Main Ingredients  

The Main Ingredients Are As Follows 

1) Cement 

2) Fine aggregates (i.e. sand) 

3) Course aggregate 

4) Metakaolin 

5) Colloidal Nano silica 

6) Water 

7) Super plasticizer  

B. Material Properties 

1) Cement 

Cement consists of four major compounds Tricalcium 

Silicate (C3S), Dicalcium Silicate (C2S), Tricalcium 

Aluminates (C3A) & Tetra calcium Alumino ferrite (C4AF). 

Tricalcium silicate (C3S) and Dicalcium silicates (C2S) are 

the most important compound responsible for strength. 

Together they constitute 70 to 80 % of cement. The average 

C3S content in modern cement is about 45 % and that of C2S 

is about 25%. During the course of reaction of C3S and C2S 

with water, calcium silicate hydrate (C-S-H) and calcium 

hydroxide (Ca(OH)2) are formed. Calcium silicate hydrates 

are the most important products and determines the good 

properties of concrete. C3S readily reacts with water and 

produces more heat of hydration. It is responsible for early 

strength of concrete. C2S hydrates rather slowly produces less 

heat of hydration. It is responsible for later strength of 

concrete. The C3A portion of cement hydrates more rapidly, 

thereby reducing the workability of fresh concrete. Regarding 

particle size distribution, it may be noted that finer particles 

hydrate faster than coarser particles and hence contribute 

more to early age strength concrete; however, at the same 

time, the faster the rate of hydration may lead to quicker loss 

of workability due to rapid and large release of heat of 

hydration. After reviewing all above requirements, Ordinary 

Portland Cement (OPC) of 53 grade cement is used 

throughout the experimental word. Cement is tested in 

laboratory as per IS 12269-1987 and IS 12629-1989 and 

results are as follows. 

Brand Name: Birla Super 53 Grade O.P.C. 

Conforming IS Codes: IS: 12269-1987 

Sr. 

No. 

Chemical 

Requirement 

Birla Super 

53     grade 

As per IS: 

12269-1987 

1 
Loss on ignition, 

percent by mass 
2.78 4.0 Max 

2 
Insoluble residue by 

mass 
1.80 3.0 Max 

3 
Magnesia, percent 

by mass 
1.0 6.0 Max 

4 Alumina iron oxide 1.32 0.66 Min 

5 
Sulphuric anhydride, 

percent by mass 
2.5 3.0 Max 

6 Alkalis - 0.05 

7 
Total Chloride, 

percent by mass 
0.050 0.10 Max 
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Table 1 Chemical Properties of Cement 

Sr. 

No. 
Description of Test Results 

As per IS: 

12269-1987 

01 

Fineness of cement 

(residue on IS sieve 

No.9) 

3 % > 225 

02 Specific gravity 3.15 3.15 

03 

Standard consistency 

of 

cement 

31 %  

04 

Setting time of 

cement 

a) Initial setting time 

b) Final setting time 

112 

minute 

238 

minute 

> 30 

< 600 

05 

Soundness test of cement 

( Le-

Chatelier’smould) 

1.8 mm  

06 

Compressive strength 

of 

cement: 

a) 3 days 

b) 7 days 

44.70 

N/mm2 

54.47 

N/mm2 

> 27 

> 37 

Table 2: Physical Properties of Cement 

2) Fine Aggregate (Sand) 

Locally available river sand is used as a fine aggregate, it 

confirms to zone II of IS 383- 1970 and other necessary 

properties are given below. 

Sr. No. Property Results 

01 Particle size and shape Rounded<4.75 mm 

02 Fineness Modulus 3.12 

03 Specific Gravity 2.60 

04 Silt Content 3.5% 

05 Surface Moisture 2% 

Table 3: Physical Properties of Fine Aggregate 

3) Coarse Aggregate 

Crushed coarse aggregate is used,it confirms IS 2386- 1963 

and other necessary properties are given below. 

Sr. No. Property Results 

01 Particle shape and size Angular >10mm 

02 Fineness Modulus 6.78 

03 Specific Gravity 2.9 

04 Surface Moisture 0% 

Table 4: Physical Properties of Course Aggregate 

4) Metakaolin 

It is obtained by the calcinations of pure or refined Kaolinite 

clay at a temperature between 6500 C and 8500 C, followed 

by grinding to achieve a finesse of 700-900 m2/kg. It is a high 

quality pozzolonic material, which is blended with cement in 

order to improve the durability of concrete. When used in 

concrete it will fill the void space between cement particles 

resulting in a more impermeable concrete. Metakaolin, is a 

relatively new material in the concrete industry, is effective 

in increasing strength, reducing sulphate attack and 

improving air-void network. Pozzolanic reactions change the 

microstructure of concrete and chemistry of hydration 

products by consuming the released calcium hydroxide (CH) 

and production of additional calcium silicate hydrate (C-S-

H), resulting in an increased strength and reduced porosity 

and therefore improved durability. The properties of 

Metakaolin are shown in below. The specimen kept immerse 

in water for 7 and 28days.The chemical content of 

Metakaolin given below. 

Chemical composition 
% in 

Cement 

% in 

Metakaolin 

Silica (SiO2) 34 54.3 

Alumina Al2O3 5.5 38.3 

Calcium oxide CaO 63 0.39 

Ferric oxide Calcium 

oxide (Fe2O3) 
4.4 4.28 

Magnesium oxide 

(MgO) 
1.26 0.08 

Potassium oxide (K2O) 048 0.50 

Sulphuric anhydride 

(SO4) 
1.92 0.22 

LOI 1.3 .680 

Specific gravity 3.15 2.5 

Physical Form Powder Fine Powder 

Colour Grey Off white 

Specific Gravity 3.15 2.6 

Table 5: Chemical Composition in Cement and Metakaolin 

5) Colloidal Nano Silica 

Particle size of Colloidal Nano silica is material which can be 

considered starting from the Nano-scale (10-9m) up to the 

macro-scale (10-2m). It will be helpful to fill the pore spaces 

in the concrete and enhances the early age strength of the 

concrete due to which dense concrete will improve the 

durability property. 

Parameter Nano solids Particle size Specific Gravity Viscosity 

Value 15-16% 5-6nM 1.15 sec. 

Table 6: Properties of Colloidal Nano-Silica 

6) Water 

Water is an important ingredient of concrete as it actively 

participates in the mix design consideration. It is generally 

stated in the concrete codes and also in the literature that the 

water chemically reacts with cement. The strength of cement 

concrete mainly due to the binding action of the hydrated 

cement gel i.e. C-H-S gel. The requirement of water should 

be reduced to that required for chemical reaction of anhydrate 

cement as the excess water would end up in only formation 

of undesirable voids (and/or capillaries) in the hydrated 

cement paste in concrete. As per IS 456:2000 water used for 

mixing and curing shall be clean and free from injurious 

amount of oils, alkalis, salts, sugars, organic materials or 

other substances that may deleterious to concrete or steel. In 

the present work, available tap water is used for concreting. 

C. Concrete Mix Design 

The M40 Grade concrete is designed by IS code Method, The 

final Proportion obtained 1:1.38:2.41 

Tests on Fresh and Hardened Concrete 

1) Slump Cone Test 

Slump test is the most commonly used method of measuring 

consistency of concrete which can be employed either in 

laboratory or at site of work. It is not a suitable method for 

very wet or very dry concrete. It does not measure all factors 

contributing to workability, nor is it always representative of 

the playability of the concrete. 
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 The pattern of slump is shown in Fig. It indicates the 

characteristic of concrete in addition to the slump value. If the 

concrete slumps evenly it is called true slump. If one half of 

the cone slides down, it is called shear slump. In case of a 

shear slump, the slump value is measured as the difference in 

height between the height of the mould and the average value 

of the subsidence.  

a) Apparatus 

The Slump Cone apparatus for conducting the slump test 

essentially consists of a metallic mould in the form of a 

frustum of a cone having the internal dimensions as under: 

Bottom diameter: 20 cm, Top diameter: 10 cm, Height: 30 cm 

and the thickness of the metallic sheet for the mould should 

not be thinner than 1.6 mm Weights and weighing device, 

Tamper (16 mm in diameter and 600 mm length), Ruler, 

Tools and containers for mixing, or concrete mixer etc. 

b) Procedure 

1) Dampen the mold and place it on a flat, moist, non-

absorbent (rigid) surface. It shall be held firmly in place 

during filling by the operator standing on the two foot 

pieces. Immediately fill the mold in three layers, each 

approximately one third the volume of the mold.  

2) Rod each layer with 25 strokes of the tamping rod. 

Uniformly distribute the strokes over the cross section of 

each layer.  

3) In filling and rodding the top layer, heap the concrete 

above the mold before rodding start. If the rodding 

operation results in subsidence of the concrete below the 

top edge of the mold, add additional concrete to keep an 

excess of concrete above the top of the mold at all time.  

4) After the top layer has been rodded, strike off the surface 

of the concrete by means of screening and rolling motion 

of the tamping rod.  

5) Remove the mold immediately from the concrete by 

raising it carefully in the vertical direction. Raise the 

mold a distance of 300 mm in 5 ± 2 sec by a steady 

upward lift with no lateral or torsional motion.  

6) Immediately measure the slump by determining the 

vertical difference between top of the mold and displaces 

original center of the top surface of the specimen. 

Complete the entire test from the start of the filling 

through removal of the mold without interruption and 

complete it within 2½ min.  

7) If a decided falling away or shearing off of concrete from 

one side or portion of the mass occurs, disregard the test 

and make a new test on another portion of the sample. If 

two consecutive tests on a sample of concrete show a 

falling away or shearing off of a portion of concrete from 

the mass of specimen, the concrete lacks necessary 

plasticity and cohesiveness for the slump test to be 

applicable.  

8) After completion of the test, the sample may be used for 

casting of the specimens for the future testing. 

 
Fig. 1: Slump Cone Test Apparatus 

 
Fig. 2: Slump Cone Test on Concrete 

 Slump cone test on trial mix obtained true slump for 

0.4 W/C ratios and Concrete become harsh to overcome this 

I have applied 1% super plasticizer to concrete to achieve 

Workability. 

2) Compressive Strength on Cubes 

The test is carried out on cube specimen 150mm X 150mm X 

150mm. steel Moulds are used to cast the cubes. Moulds are 

thinly coated with the oil to prevent adhesion of concrete to 

Mould surface. 

 
Fig. 3: Mould of Size 15cm x 15cm x15cm 

D. Durability Test on Concrete 

1) Acid Attack on Concrete 

a) Test Specimen 

The present experimental study conducted on concrete 

specimens of Size 15X15X15 cm. 

b) Preparation of Solution 

The specimens are immersed in 5% H2SO4, and HCL 

solutions respectively for the period of 28, 56, 90 days. The 

test specimens were immersed in jars filled with 'equal 

quantities of 5% H2So4, and HCL (pH = I). This 

concentration of acid is representative of that found in sewers 

that are in the process of deterioration the pH levels of the 
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acid solutions were monitored at an average interval of 2 days 

with a portable pH meter. All solutions were replaced with 

fresh 1 percent solutions if the pH of any solution exceeded a 

value of 1.1. All solutions were also replaced prior to re 

immersion of the test specimens after taking measurements. 

The periodic use of fresh acid solutions along with the use of 

small test specimens provided an accelerated evaluation of 

the acid resistance of the concrete mixes. 

c) Test Measurement 

The deterioration of the specimens is estimated by finding out 

the percentage reduction in weight of the specimen, the 

reduction in compressive strength of the specimens when 

they are immersed in chemical solutions and SEM 

examination. 

2) Sulphate Attack on Concrete 

Test Specimen- The present experimental study conducted on 

concrete specimens of Size 15X15X15 cm. 

a) Preparation of Solution 

The specimens are immersed in 5% Na2SO4and MgSO4 

solutions respectively for the period of 28 days. The test 

specimens were immersed in jars filled with 'equal quantities 

of 5% Na2SO4and MgSO4. 

b) Test Measurement 

The deterioration of the specimens is estimated by finding out 

the percentage reduction in weight of the specimen, the 

reduction in compressive strength of the specimens when 

they are immersed in chemical solutions and SEM 

examination. 

3) Alkali Attack on Concrete 

a) Test Specimen 

The present experimental study conducted on concrete 

specimens of Size 15X15X15 cm.  

b) Preparation of Solution 

The specimens are immersed in 5% NaOH and KOH solution 

respectively for the period of 28 days. The test specimens 

were immersed in jars filled with 'equal quantities of 5% 

NaOH and KOH 

c) Test Measurement 

The deterioration of the specimens is estimated by finding out 

the percentage reduction in weight of the specimen, the 

reduction in compressive strength of the specimens when 

they are immersed in chemical solutions and SEM 

examination. 

E. Water Permeability Test on Concrete 

D’Arcy demonstrated in the late nineteenth century that for 

laminar flow conditions in saturated granular materials, the 

rate of flow is proportional to the pressure gradient (q = ki). 

The D’Arcy coefficient of permeability is the constant of 

proportionality between volume flow (q) and pressure 

gradient (i) and can be interpreted as the average velocity of 

flow through the sample cross section. 

1) Apparatus 

A concrete Permeameter apparatus, Permeameter cell, a 

pressure gauge, Data acquisition equipment, Diamond cut 

saw, Balance of suitable capacity, Supply of de-aired water. 

Vacuum pump, Vernier calipers, Diamond corer drill, 

100mm diameter concrete mould, Worksheet (optional). 

2) Procedure  

1) Obtain samples of hardened concrete of appropriate 

diameter from existing structures by diamond core 

drilling or from molded specimens. The specimens shall 

be prepared in accordance with AS 1012. Using a 

diamond saw cut a section of the sample to allow 

approximately 2mm clearance at each end of the Room 

Temperature Vulcanising (RTV) silicone rubber seal. 

The test sample should have a minimum length of 2.5 

times the maximum aggregate size. The cut section will 

be the test sample. 

2) Condition the test sample in accordance with AASHTO 

T277 to a Saturated Surface Dry state, deleting the 

section referring to the use of epoxy resins. 

3) Fill the voids that are 2mm or greater in diameter that 

occur on the sides of the test sample with plasticize or a 

similar material 

4) Measure and record the mass of the test sample to the 

nearest 0.1g and the diameter (D) and length (L) of the 

sample to the nearest 1mm. 

5) Seal the test sample within the Permeameter cell. (See 

Appendix A). 

6) Ensure that the Permeameter apparatus is completely 

filled with de-aired water and contains no air pockets or 

bubbles. 

7) Apply a constant pressure head of water to the inflow 

side of the Permeameter cell and continuously monitor 

the pressure throughout the duration of the test. 

8) Continuously monitor and record the volumetric inflow 

and outflow of water. 

9) Continuously monitor and record the ambient 

temperature, to the nearest 0.1°C. Ensure that the 

temperature is maintained within a range of 21 to 25°C. 

10) After steady state flow through the sample has been 

achieved, monitor and plot volume flow (Q) against time 

(t) until the slope of the inflow and outflow lines can be 

achieved. Calculate the permeability by taking the mean 

of the inflow and outflow plots within the steady state 

flow range. 

11) Remove the test sample from the apparatus and measure 

and record the mass of the test sample to the nearest 0.1g 

F. Sorptivity Test on Concrete 

The method of capillary sorption was adopted for 

determining the rate of absorption as well as the cumulative 

amount of water absorbed by different concrete specimens. 

The sorptivity test was conducted on 2-inch thick discs cut 

from the middle portion of 4x8 inch cylinders. The specimens 

were coated with epoxy on the curved surface so as to allow 

water ingress into concrete only from the bottom flat surface. 

The specimens were immersed in plastic container containing 

water and supported in such a way that about 1 cm of the 

lower part of the specimen was in water. 

 The sorptivity was determined on specimens 

exposed to two different conditioning procedures. Two 

specimens from each concrete mixture were moist cured for 

a period of 3 days followed by air drying at 50 % RH at 20+1 

C for 11 day. Two more specimens were moist cured for 3 

days followed by air –drying at 50% RH at 20 + 1 C for 25 

days. Two specimens were tested for their sorptivity for each 

conditioning procedure. 
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Fig. 4: Schematic of Sorptivity Test 

 It is know that less saturated systems have more 

water ingress due to sorption. The purpose of having two 

conditioning periods was to investigate the water sorptivity in 

relatively saturated systems and in dry systems. By evaluating 

the sorptivity in all concrete mixtures conditioning for 

different periods, the potential for damage in concrete cured 

for different periods due to freeze-thaw cycles could assessed. 

IV. TEST RESULTS 

The specimens are tested under the compression testing 

machine after 3, 7 and 28 days of curing. 

CNS% MK% 
Strength 

After 3 Days 

Average 

Strength After 3 

Days 

Strength 

After 7 Days 

Average 

Strength After 7 

Days 

Strength 

After 28 

Days 

Average 

Strength After 

28 Days 

0 

0 

13.70 

14.23 

24.00 

25.30 

42.30 

40.27 14.10 25.30 39.20 

14.90 26.60 39.30 

5 

13.60 

15.47 

29.10 

27.00 

41.20 

41.33 15.60 24.70 42.20 

17.20 27.20 40.60 

10 

11.30 

12.97 

29.50 

26.97 

39.30 

39.67 12.40 25.40 39.80 

15.20 26.00 39.90 

15 

9.30 

10.33 

27.10 

24.90 

39.50 

37.10 11.20 25.30 34.60 

10.50 22.30 37.20 

20 

8.50 

9.97 

16.50 

17.37 

36.20 

35.97 12.10 18.30 37.20 

9.30 17.30 34.50 

1 

0 

13.10 

13.73 

29.10 

30.17 

42.20 

41.83 14.20 31.20 41.30 

13.90 30.20 42.00 

5 

16.40 

16.07 

32.00 

34.03 

42.50 

42.67 15.30 35.00 41.90 

16.50 35.10 43.60 

10 

16.20 

14.43 

31.30 

31.23 

39.10 

40.43 13.90 30.80 44.00 

13.20 31.60 38.20 

15 

12.10 

12.63 

24.00 

25.43 

38.20 

38.57 12.40 24.30 38.00 

13.40 28.00 39.50 

20 

11.20 

10.90 

20.30 

20.30 

35.50 

36.67 12.30 22.30 38.20 

9.20 18.30 36.30 

2 

0 

11.90 

13.33 

20.10 

21.83 

39.20 

39.73 13.80 22.20 38.90 

14.30 23.20 41.10 

5 

12.30 

13.40 

27.10 

27.50 

40.10 

39.50 14.30 27.30 39.70 

13.60 28.10 38.70 

10 

14.10 

13.17 

24.60 

25.20 

39.40 

38.30 13.90 25.30 39.20 

11.50 25.70 36.30 

15 

14.00 

11.60 

22.10 

22.27 

40.10 

37.83 11.80 20.20 38.20 

9.00 24.50 35.20 

20 

9.20 

10.27 

18.20 

17.90 

39.20 

36.57 10.30 19.10 34.30 

11.30 16.40 36.20 

3 0 
10.00 

10.50 
20.20 

19.80 
38.70 

36.80 
9.20 18.10 34.90 
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12.30 21.10 36.80 

5 

10.90 

11.97 

24.60 

25.20 

37.30 

36.67 11.50 24.50 36.50 

13.50 26.50 36.20 

10 

13.20 

12.20 

25.20 

24.03 

37.20 

36.37 11.30 22.30 35.10 

12.10 24.60 36.80 

15 

8.30 

9.57 

22.20 

21.20 

34.60 

34.70 9.50 19.50 36.20 

10.90 21.90 33.30 

20 

7.50 

8.83 

18.30 

17.47 

30.90 

33.03 8.90 17.60 36.40 

10.10 16.50 31.80 

4 

0 

10.10 

10.40 

19.40 

18.17 

36.90 

36.47 11.30 16.90 35.90 

9.80 18.20 36.60 

5 

11.10 

11.97 

29.10 

24.57 

35.90 

36.30 11.60 24.30 38.20 

13.20 20.30 34.80 

10 

9.80 

10.43 

24.50 

21.60 

36.80 

34.03 11.20 18.10 34.30 

10.30 22.20 31.00 

15 

9.60 

10.03 

20.40 

20.87 

36.20 

33.73 11.60 20.00 34.10 

8.90 22.20 30.90 

20 

8.90 

9.80 

18.20 

16.80 

34.10 

31.47 9.00 15.90 30.20 

11.50 16.30 30.10 

5 

0 

11.90 

11.27 

16.30 

17.87 

35.90 

34.80 12.40 18.20 33.70 

9.50 19.10 34.80 

5 

12.50 

11.53 

22.30 

23.90 

27.20 

34.47 11.20 25.20 37.10 

10.90 24.20 39.10 

10 

9.30 

11.30 

18.30 

20.83 

36.90 

33.67 12.30 23.20 29.30 

12.30 21.00 34.80 

15 

9.60 

11.00 

21.10 

20.77 

35.10 

33.57 14.20 19.20 36.30 

9.20 22.00 29.30 

20 

11.10 

10.33 

15.30 

16.40 

29.70 

31.23 10.00 18.50 29.90 

9.90 15.40 34.10 

Table 7: Test Results 

 
Fig. 5: Compressive Strength Variations after 3 Days Curing 

 
Fig. 6: Compressive Strength Variations after 7 Days Curing 
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Fig. 7: Compressive Strength Variation after 28 Days 

Curing 

V. CONCLUSION 

Controlled concrete of M40 Grade is prepared and tests were 

conducted on standard concrete specimens to obtain 

compressive strength and the results are compared with 

concrete containing various combinations of Metakaolin 0%, 

5%, 10%, 15% and 20% along with Colloidal Nano-Silica 

0%, 1%, 2%, 3%, 4% and 5% as cement replacement. 

 Using the test results, it can be concluded that for a 

given Metakaolin content, the compressive strength of 

concrete for 3, 7 and 28daysof curing increases as the 

percentage of Metakaolin is increased up to 5% and 1% of 

Colloidal Nano cilica then decreases with increase in 

Metakaolin content. The higher surface area of Metakaolin 

yielded the highest strength and the fastest rate of strength 

gain. 

 The increase in the strength of concrete containing 

Metakaolin and Nano-Silicacan be attributed to the 

availability of additional binder. Nano-Silica has high 

amorphous silicon dioxide content and is a very reactive 

pozzolanic material. As the Portland cement in concrete 

begins to react chemically, it releases calcium hydroxide. The 

Nano-Silica and Metakaolin reacts with the calcium 

hydroxide to form additional binder material. 

 It can be concluded that, the various strength 

properties of concrete can be improved by the addition of a 

specified percentage (1%) of Nano-Silica and (5%) of 

Metakaolin content. 
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