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ABSTRACT 

Concrete is the single most widely used material in the world – and it has a carbon footprint 

to match. The production of concrete contributes 5% of annual anthropogenic global CO2 

production mainly because of such vast quantities being used. Researches all over the world 

are currently aiming at reducing the amount of cement content in concrete which is the prime 

contributor to carbon emissions. Development of new concrete additives could produce a 

stronger, more workable material while reducing the amount of cement required and the 

resulting CO2
 emissions. Whilst the addition of substitute materials like fly ash, metakaolin, 

rice husk ash etc. has helped in achieving the above stated objectives, there still exists a lot of 

scope for other additives especially pertaining to nanotechnology. Nanomaterials like nano-

silica, nano-alumina and nano-titania are known to improve properties of cementitious systems 

but there is a lack of systematic research in this field on the different possibilities that they may 

offer. With this view, thus in this research work an attempt is made to investigate the effect of 

nanosilica on cement-silica fume system at low and high w/b ratios.  

 In the first phase of experimental work on cement-silica fume paste, mortar and 

concrete, four mixes with water to binder ratio of 0.25, 0.35, 0.45 and 0.55 were used. Six 

curing ages of 3, 7, 28, 56, 90 and 180 days with six replacements of silica fume levels at 0%, 

5%, 10%, 15%, 20% and 25% are adopted.  For measuring the compressive strength the size 

of the specimens in the case of paste and mortar 5 cm cubes were used, and in the case of 

concrete it was 10 cm cubes.  

 In the second phase of experimental work on cement-silica fume-nanosilica paste, 

mortar and concrete, four levels of silica fume replacements i.e, 0%, 5%, 10% and 15% were 

used. Nanosilica was used at 2% of the total cementitious materials and same w/b ratios as that 

of cement-silica fume system are adopted. For measuring the compressive strength, the 

specimen size same as that of cement-silica fume system were adopted.  
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 For the third phase of experimental work on cement-silica fume concrete, the curing 

ages and silica fume replacements and the water-binder ratios were same as that used for 

compressive strength test. In this phase of work, sorptivity test was performed on cast 

specimens. 

 For the fourth phase of experimental work on cement-silica fume-nano silica concrete, 

the curing ages and silica fume replacements were same as that used for compressive strength 

measurements. In this phase of work also, sorptivity test was performed on cast specimens. 

 Water permeable porosity test was performed for the cement-silica fume concrete 

specimens at 90 days and 180 days curing ages. For cement-silica fume-nanosilica concrete, 

the same test is conducted for specimens at 3, 7, 28, 56, 90 and 180 days curing ages.  

 Through the water permeable porosity and sorptivity data, the pore radius is calculated 

for the cement-silica fume concrete and cement-silica fume-nano silica concretes. 

 From the results of cement-silica fume system, it was observed that silica fume 

incorporating at 15% of total cementitious materials provided the maximum compressive 

strength in all w/b ratios at all curing ages.  

 For the cement-silica fume-nanosilica system, it was observed that in most of the cases 

the nanosilica samples with no silica fume provides the best results and it was observed that 

maximum % of silica fume that can be used is 5% along with nanosilica.  

 From the results of sorptivity test on cement-silica fume concrete, it was observed that 

silica fume concrete provides lower sorptivity values at w/b ratio of 0.35, 0.45 and 0.55. 

 From the results of sorptivity test on cement-silica fume- nanosilica concrete, it was 

observed that at lower w/b ratios, concrete with 0% silica fume and 0% nanosilica provided the 

best results. While in higher w/b ratios, nanosilica with 0% silica fume provided the lowest 

sorptivity values.  
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 From the results of water absorption test on cement silica fume concrete and cement-

silica fume-nanosilica concrete, it was observed that the addition of silica fume do not change 

the porosity significantly. The water permeable porosity increases with increase in water to 

binder ratio in both silica fume and nanosilica concretes. Mean permeable pore radius do not 

exhibit systematic variation with W/B ratio or SF content in all cases encountered.  
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