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Abstract—Now-a-days Nano particles are gaining increasing 

attention in many fields to fabricate new materials with 

novel functions due to their unique physical and chemical 

properties. For this study, self-compacting concrete is 

developed using modified Nano-Si method of mix design, 

Slump flow, J-Ring, V-funnel tests are conducted to justify 

the fresh properties of SCC and are checked against 

EFNARC (2005) specifications. Specimens of dimensions 

150x150x150 mm were cast without Nano silica and with 

two different grades of Nano silica, which is in colloidal 

state with 16% and 30% Nano content are added in different 

percentages (1%, 1.5% and 2% by weight of cement) to 

SCC. To justify the compressive strength during the period 

from 7 to 28days, the specimens are tested under axial 

compression. Durability properties were also studied by 

immersing the specimen’s in 5% of HCl and 5% of H2SO4. 

Sorptivity test has also been conducted. Test results indicate 

that use of Nano Silica in concrete has improved the 

performance of concrete strength as well as durability 

aspect. 
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I. INTRODUCTION 

SCC development is a desirable achievement in the 

construction industry in order to overcome problems 

associated with cast-in-place concrete. SCC is not affected 

by the skills of workers, the shape and amount of reinforcing 

bars or the arrangement of a structure and, due to its high-

fluidity and resistance to segregation it can be pumped 

longer distances [1]. Self-compacting concrete extends the 

possibility of use of various mineral by-products in its 

manufacturing and with the densification of the matrix, 

mechanical behavior, as measured by compressive, tensile 

and shear strength, is increased. On the other hand, the use 

of super plasticizers or high range water reducers, improves 

the stiffening, unwanted air entrainment, and flowing ability 

of the concrete. The technology of SCC is based on adding 

or partially replacing Portland cement with amounts of fine 

material such as fly ash, blast furnace slag, and silica fume 

without modifying the water content compared to common 

concrete.  This process changes the rheological behaviour of 

the concrete. The EFNARC Specification defines specific 

requirements for the SCC material, its composition and its 

application [2]. The Annexes also include a wealth of useful 

advice to designers, concrete manufacturers, contractors, 

specifying authorities and testing organizations.  The 

proportion of atoms on the surface increases relative to those 

inside, creating so-called “nano-effect”. All these Nano-

properties actually affect the materials behavior at macro-

scale and, from this point, the power of nanotechnology is 

emphasized: if the elements are proper manipulated at the 

Nano scale, the macro-properties are affected and new 

materials and processes can be developed [3]. 

In this process, the starting  materials  (mainly  

Na2SiO4  and  organo metallics  like  TMOS/TEOS)  are  

added  in  a solvent,  and  then  the  pH  of  the  solution  is  

changed,  reaching  the  precipitation  of  silica  gel. The  

produced  gel  is  aged  and  filtered  to  become  a  aerogel.  

This aerogel is dried and burned or dispersed again with 

stabilized agent (Na, K, NH3, etc.) to produce a 

concentrated dispersion (20 to 40% solid content) suitable 

for use in concrete industry [4]. 

II. EXPERIMENTAL DETAILS 

A. Material Used 

 53 Grade Ordinary Portland cement 

 Fine Aggregate 

 Coarse Aggregate 

 Super Plasticizer (CONPLAST SP430) 

 Fly ash. 

 Water 

 Nano Silica (16% and 30% nano content) 

III. EXPERIMENTAL SETUP 

The experimental study consists of arriving at suitable mix 

proportions that satisfied the fresh properties of self-

compacting concrete as per EFNARC specifications. 

Standard cube moulds of 150mm x 150mm x 150mm made 

of cast iron were used for casting standard cubes. The 

standard moulds were fitted such that there are no gaps 

between the plates of the moulds. If there are any small gaps 

they were filled with plaster of Paris. The moulds were then 

oiled and kept ready for casting. After 24hrs of casting, 

specimens were demoulded and transferred to curing tank 

wherein they were immersed in water for the desired period 

of curing. 

A. Fresh Properties of Self-Compacting Concrete 

This test measures the ease of flow of the concrete; shorter 

flow times indicate greater flow ability. For SCC a flow 

time of 10 seconds is considered appropriate. The inverted 

cone shape restricts flow, and prolonged flow times may 

give some indication of the susceptibility of the mix to 

blocking. After 5 minutes of settling, segregation of 

concrete will show a less continuous flow with an increase 

in flow time. Tests were conducted on40Mpa Self 

Compacting Concrete for the above explained methods for 

SCC. 

 
Table 1: Fresh Properties of Self-Compacting Concrete 

B. Sequence of Operation for Casting 

 Mixing 

 Pouring  

 Casting  

 Curing 
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Fig. 1: Sequence of operation for casting. 

IV. HARDENED PROPERTIES OF SCC 

At the end of the required number of days of curing i.e. 7 

days and 28days, the specimens were taken out and tested 

under 2000kN Tinius Olsen Testing Machine. After 28days 

curing the specimens are immersed in 5%H2SO4, 5% HCl 

and tested again after 3days, 7days and 28days under 

TOTM. 

A. Compressive Strength 

The cube specimens were tested on compression testing 

machine of capacity 2000kN.The bearing surface of the 

machine was wiped off clean and any loose sand or other 

material removed from the surface of the specimen .The 

specimen was placed in the machine in such a manner that 

the load was applied to opposite sides of the cubes as caste 

that is, not top and bottom. The axis of the specimen was 

carefully aligned at the center of the loading frame. The load 

applied was increased continuously at a constant rate until 

the resistance of the specimen to the increasing load breaks 

down and no longer can be sustained. The maximum load 

applied on the specimen was recorded. The details of 

compressive strength results for specimens without and with 

nan silica were compared. 

 
Table 2: Average Compressive Strength of SCC with and 

without Nano silica. 

B. Acid Attack Study 

The chemical resistance of the concrete was studied through 

chemical attack by immersing them in an acid solution. 

After 28days curing period of the specimens of each batch 

were removed from curing tank and their surfaces were 

cleaned with a soft nylon brush to remove weak reaction 

products and loose materials from the specimen. The initial 

mass, body diagonal dimensions value were measured. 

3specimens of each batch of concrete were immersed in 5% 

H2SO4 and 5% HCl. 

V. RESULTS AND DISCUSSIONS 

A. Effect of Nano Silica on Compressive Strength 

 It is very much evident from the figure that there is only a 

steep increase in the compressive strength of nano silica 

concrete. It can also be said that nano silica with 1.5% is 

optimum in both the grades of nano silica. Compressive 

strength of NANO SILICA-XLP of 1.5% bwoc added in 

SCC is more compared to NANO SILICA-XTX of 1.5% 

bwoc. 

 
Fig. 3: Average compressive strength of SCC without and 

with nano silica. 

VI. ACID ATTACK ANALYSIS 

A. Visual Observation 

In the first stage of the test the change in the physical state 

of the specimens after 3, 7, 14, 21, 28 days of immersion is 

observed. After 28days of immersion the cement mortar 

from the surface was badly eaten up and aggregates are 

clearly visible as shown in figure 4.3. The specimens in 5% 

H2SO4 solution even after 7days immersion of time only 

efflorescence was observed. For the specimens immersed in 

5% HCl, cracks were observed on the surface and edges 

were lost after 28days. 

 
Fig. 4: Specimen of normal SCC immersed in 5% H2SO4. 

B. Loss of Weight 

The change in the mass of the specimens were observed and 

plotted against the number of days of immersion in acids as 

shown in the table 3. 

 
Table 3: Percentage mass losses when immersed in 5% 

Sulphuric acid solution. 
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Fig. 5: Percentage mass losses when immersed in 5% 

Sulphuric acid solution. 

VII. ACID DURABILITY FACTOR 

The % loss of Compressive Strength and Acid Durability 

Factor (ADF) of the specimens were observed and plotted 

against the number of immersion days in acids as shown in 

the table 4. 

 
Table 4: % loss of Compressive Strength and Acid 

Durability Factors for 5% H2SO4. 

 
Fig. 6: % loss of Compressive Strength for cubes immersed 

in 5%H2SO4. 

After 28 days of immersion in both the acid 

solutions percentage loss of compressive strength of 1.5 % 

Nano-XLP SCC is more when compared due to normal 

SCC. Acid durability factor for cube immersed in 5% 

sulphuric acid is more for 1% Nano silica SCC of two 

grades. This implies that 1% addition is more durable when 

compared to other. Acid durability factor for cube immersed 

in 5% Hydrochloric acid is almost same for all the 

specimens and but it is more for  2% Nano silica -XTX 

grade, also for 1% Nano silica SCC of two grades . This 

implies that 2% Nano silica SCC of XTX grade, 1% 

addition of both grades of nano silica is more durable in 

hydrochloric acid when compared to other. It is observed 

that the percentage loss of compressive strength is more in 

sulphuric acid is more when compared to hydrochloric acid. 

VIII. CONCLUSIONS 

An increase in the compressive strength at 28days of about 

45.2% and 41.13% with the addition of 1.5% Nano silica of 

XLP grade and XTX grade respectively. Hence 1.5% 

addition of nano silica is said to optimum. The addition of 

nano silica improves the hydrated structure of concrete. The 

surface of the specimens was badly damaged and cement 

mortar was completely eaten up in 5% H2SO4and it was not 

found in 5% HCl. The percentage mass loss with 5% 

H2SO4and 5% HCl revealed that nano additions have less 

percentage of mass loss than normal SCC. After 28 days, the 

percentage mass loss for Nano Silica XLP with 1.5% 

addition is 1.06% in 5% sulphuric acid, which is said to less 

when compared to other percentage of nano silica. The 

percentage loss of both compressive strength and weight are 

increasing with the time of exposure to acid attack. Acid 

durability factor for cubes immersed in 5% Hydrochloric 

acid are almost same but after 28 days ADF is more for 2% 

Nano silica SCC of XTX grade, and also for 1% Nano silica 

SCC of two grades. This implies that 2% Nano silica SCC 

of XTX grade, 1% addition is more durable in hydrochloric 

acid when compared to other in terms of Acid durability 

factor. 
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