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ABSTRACT 
The application of nanotechnology in concrete has 
added a new dimension to the efforts to improve its 
properties. Nanomaterials, by virtue of their very 
small particle size can affect the concrete properties 
by altering the microstructure. Concrete is that 
pourable mix of cement, water, sand, and gravel that 
hardens into a super-strong building material. 
Supplementary cementing materials (SCM) have 
become an integral part of concrete mix design. 
These may be naturally occurring materials, 
industrial wastes or, by products or the ones 
requiring less energy to manufacture. Some of the 
commonly used SCM are fly ash, silica fume (SF), 
GGBS, rice husk ash and metakaolin (MK), etc. Due 
to the persistent and continuous demands made on 
concrete to meet the various difficult requirements, 
extensive and wide spread research work is being 
carried out in the area of concrete technology. Nano-
Technology being applied to concrete includes the 
use of Nano materials like Nano silica, Nano fibers 
etc. By adding the Nano materials smart concrete 
composites with superior properties can be 
produced. In the present experimental investigation 
is to find the influence of Nano-Silica (NS) and 
GGBS on strength properties of concrete. GGBS and 
Nano-Silica are used as partial replacement of 
cement. In the present experimental investigation, 
the cement is partially replaced by 10%, 20% and 
30% of GGBS and Nano-Silica 1%, 2% and 3% by 
weight. The influence of combined application of 
GGBS and Nano-Silica on compressive strength of 
M30 grade of concrete is investigated. This work 
continues with testing of concrete specimens in 
addition with GGBS and Nano silica, both 
mechanical and durability properties at the ages of 
7, 28 and 56 days were tested i.e. compression, split 
tensile strength and flexural strength along with 
durability test. 
 

I. INTRODUCTION 
 
Concrete is one of the most widely used construction 
material and its usage is next only to water. Concrete 
is a popular choice among all the building materials 
because of its ease with which it can be locally 

produced, versatility, economic, wide ranging 
performance, suitability, durability and 
applicability. Annual global production of concrete 
is about 5 billion cubic yards and is  
 
increased by 10% each year. Global production of 
concrete is approximately estimated about 25 billion 
tonnes every year. Among which, truck load 
comprises of 6.4 billion tonnes of concrete a day and 
for each person it is estimated over 3.8 tonnes in the 
world each year. Recently nano-technology has been 
introduced in civil Engineering applications. One of 
the most used nano material is nano-silica(NS). 
Nano-silica can be usd as an additive to the eco 
concrete mixtures. In the case of eco concrete 
mixtures, industrial waste such as blast furnace slag 
are used as admixtures at certain percentage as 
replacement of cement. Certain problems such as 
longer setting time, lower compressive strength, at 
higher percentage can be overcome by adding nano-
silica which improves these properties. GGBS is a 
by-product of iron manufacturing industries when 
used as partial replacement to cement (upto 10%-
30%) has been formed to contribute towards 
strength increase of concrete in addition to other 
beneficial properties. 
 
NEED OF THE PRESENT INVESTIGATION 

Concrete is the most commonly used 
construction material; its usage by the communities 
across the globe is second only to water. 
Customarily, concrete is produced by using the 
Ordinary Portland Cement (OPC) as the binder. The 
usage of OPC is on the increase to meet 
infrastructure developments. The world-wide 
demand for OPC would increase further in the 
future. It is well-known that cement production 
depletes significant amount of natural resources and 
releases large volumes of carbon-dioxide. Cement 
production is also highly energy-intensive, after 
steel and aluminium. On the other hand, coal 
burning power generation plants produce huge 
quantities of GGBS and some of the materials which 
are byproducts. The volume of fly ash would 
increase as the demand for power increases. Most of 
the fly ash is considered as waste and dumped in 
landfills. In order to address the issues mentioned 
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above, it is essential that other forms of binders must 
be developed to make concrete.  
 To increase the strength of concrete with the 

usage of byproducts. 
 Study on GGBS, nano silica 
OBJECTIVES OF THE PAPER: 
The most important objectives of this study are  

1) To study the relative strength development with 
age of GGBS+ Nano silica concrete, with control 
concrete.”  

2) To study the comparative strength development 
with age of (GGBS +Nano silica) concrete, with 
control concrete.”  

4) Use of industrialized waste in a positive way. 

5) To conduct compression test on (GGBS+Nano 
silica) with ordinary concrete on standard IS 
specimen size  

6) To protect the environment by utilizing waste 
properly 

7)Durability test from the mix design 

8)Increment in strength with very less cost of 
materials 

EXPERIMENTAL PROGRAM 

This investigation focuses on the following pattern 
of work 

 GGBS and Nano-Silica are used as partial 
replacement of cement.  

 In the present experimental investigation, 
the cement is partially replaced by 10%, 
20% and 30% of GGBS and Nano-Silica 
1%, 2% and 3% by weight.  

 The influence of combined application of 
GGBS and Nano-Silica on compressive 
strength of M30 grade of concrete is 
investigated.  

 This work continues with testing of 
concrete specimens in addition with GGBS 
and Nano silica, both mechanical and 
durability properties  

 Curing was done at the ages of 7,28 and 56 
days were tested i.e. compression, split 
tensile strength and flexural strength along 
with durability test. 

 
II. LITERATURE REVIEW 
 

1. H. Li et. al. (2004) experimentally 
investigated the mechanical properties of 
nano-Fe2O3 and nano-SiO2 cement 
mortars and found that the 7 and 28 day 
strength was much higher than for plain 
concrete. The microstructure analysis 
shows that the nanoparticles filled up the 

pores and the reduced amount of Ca(OH)2 
due to the pozzolanic reaction.  

 
2. Tao Ji (2005) experimentally studied the 

effect of Nano SiO2 on the water 
permeability and microstructure of 
concrete. The findings show that 
incorporation of Nano SiO2 can improve 
the resistance to water of concrete and the 
microstructure becomes more uniform and 
compact compared to normal concrete. 

3. H. Li et.al. (2006) studied the abrasion 
resistance of concrete blended with nano 
particles of TiO2 and SiO2 nano particles 
along with polypropylene (PP) fibers. It 
was observed that abrasion resistance can 
be improved considerably by addition of 
nano particles and PP fibers. Also the 
combined effect of PP fiber + Nano 
particles shows much higher abrasion 
resistance than with nano particles only. It 
was found that abrasion resistance of nano 
TiO2 particles is better than nano SiO2 
particles. Also relationship between 
abrasion resistance and compressive 
strength is found to be linear.  

4. B.-W Jo et. al. (2007) studied the 
characteristics of cement mortar with Nano 
SiO2 particles experimentally and 
observed higher strength of these blended 
mortars for 7 and 28 days. The 
microstructure analysis showed that SiO2 
not only behaves as a filler to improve 
microstructure, but also as an activator to 
the pozzolanic reaction.  

5. M.Nill et.al. (2009) studied the combined 
effect of micro silica and colloidal nano 
silica on properties of concrete and found 
that concrete will attain maximum 
compressive strength when it contains 6% 
micro silica and 1.5% nano silica. The 
highest electrical resistivity of concrete 
was observed at 7.5% micro and nano 
silica. The capillary absorption rate is 
lowest for the combination of 3% micro 
silica and 1.5% nano silica.  

6. Alirza Naji Givi et.al. (2010) studied the 
size effect of nanosilica particles. They 
replaced cement with nanosilica of size 
15nm and 80nm with 0-5, 1, 1.5 & 2% 
b.w.c. An increase in the compressive 
strength was observed with 1.5% b.w.c 
showing maximum compressive strength. 
A comparison between particle size 
showed that for 80nm particles the 
maximum strength was more than for 15nm 
particles, also a considerable improvement 
in flexural and split tensile strength of 
Nano SiO2 blended concrete was observed. 
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III. MATERIALS AND PROPERTIES 
 

In making any type of concrete, selection 
and type of materials is very important as all the 
properties depends on them. 

The following materials are being used and are listed 
below. 

 Cement 
 Fine aggregate (sand) 
 Coarse aggregate 
 Water  
 GGBS 
 Nano silica 

CEMENT 
The most common cement used is an Ordinary 
Portland Cement (OPC). The Ordinary Portland 
Cement of 53 grade (OPC) conforming to IS: 8112-
1989 is used. A cement is a binder, a substance used 
in construction that sets, hardens and adheres to 
other materials, binding them together. Cement is 
seldom used solely, but is used to bind sand and 
gravel (aggregate) together. Cement is used with 
fine aggregate to produce mortar for masonry, or 
with sand and gravel aggregates to produce concrete. 
 

Table 01: Physical properties of cement 

 
AGGREGATES  
Aggregates are inert granular materials such as sand, 
gravel or crushed stone that are an end product in 
their own right. They are also the raw materials that 
are an essential ingredient in concrete. 
Depending upon the size the aggregates are 
classified into two types  
1) Fine Aggregate  
2) Coarse Aggregate  
Fine Aggregate  
Fine aggregate are basically sands won from the land 
or the marine environment.  
 

Table 02: Properties of fine aggregate 

 
 
Coarse Aggregates  

Coarse aggregates are particles greater than 
4.75mm, but generally range between 9.5mm to 
37.5mm in diameter. They can either be from 
Primary, Secondary or Recycled sources. Primary, 

or 'virgin', aggregates are either Land- or Marine-
Won. Gravel is a coarse marine-won aggregate; 
land-won coarse aggregates include gravel and 
crushed rock. Gravels constitute the majority of 
coarse aggregate used in concrete with crushed stone 
making up most of the remainder. 

Table 03: Coarse Aggregate Physical Properties 

 
 
GGBS:  
GGBS is called as Ground-granulated blast-furnace 
slag (GGBS or GGBFS) is obtained by quenching 
molten iron slag (a by-product of iron and steel-
making) from a blast furnace in water or steam, to 
produce a glassy, granular product that is then dried 
and ground into a fine powder. 

Table 04: GGBS Physical Properties 

 
 
NANO SILICA: 
Silicon dioxide nanoparticles, also known 
as silica nanoparticles or nanosilica, are the basis for 
a great deal of biomedical research due to their 
stability, low toxicity and ability to be functionalized 
with a range of molecules and polymers. The 
properties of silica include both chemical 
and physical properties such as hardness, color, 
melting and boiling point, and reactivity. Silica 
under normal conditions 
of temperature and pressure is a solid, crystallized 
mineral.  

Table 05: Physical Properties of Nano Silica 

 
 
WATER: 
Water is an important ingredient of concrete as it 
actually participates in the chemical reaction with 
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cement. Since it helps to from the strength giving 
cement gel, the quantity and quality of water is 
required to be looked into very carefully. 
 
Batching and Mixing 
 Batching is process of measuring the 
quantities of concrete either by volume or by mass 
for preparation of concrete mix. In this weight 
batching method is adopted to measure the 
quantities of fine aggregate, cement, coarse 
aggregate, and substituent’s which were replaced as 
cement i.e., GGBS and Nano silica. For mix 
proportion for design were measured by using 
weighing balance. The ingredients of concrete in the 
required quantities were enhanced into the capacity 
laboratory concrete mixer. After through mixing i.e., 
having achieved uniform colour, workable 
consistency to concrete, the concrete was shipped 
into tray for casting specimens. 
 
Casting and Curing of Specimens 
 IS standard specimen were casted with the 
concrete has been placed in the standard metallic 
moulds in three layers and compacted with tamping 
rod by giving 25 blows. Before placing the concrete 
in moulds, a thin coat of oil was applied for the walls 
of the mould inside for easy removal.  
 
IV EXPERIMENTAL INVESTIGATION 
COMPRESSIVE STRENGTH TEST 
 Concrete cubes of sizes 
150mm×150mm×150mm were tested for crushing 
strength. Compressive strength depends on loads of 
factor such as w/c ratio, cement strength, excellence 
of concrete material and excellence control during 
manufacture of concrete. 
 These cubes are tested by compression 
testing machine after 7 days, 14 days or 28 days 
curing. The sample is placed centrally on the base 
plate of machine and the load have to be apply 
gradually at the rate of 140 kg/cm2 per minute till 
the specimen fails. Load at the failure separated by 
area of sample gives the compressive strength of 
concrete. The sample to increased load breaks down 
and no greater load greater load can be constant. The 
maximum load applied to specimen shall then be 
recorded and any unusual value noted at the time of 
failure brought out in the report.  
 The cube compressive strength, then 
fc=P/A N/mm2 
Where P is an ultimate load in N, A is a cross 
sectional area of cube in mm2  

 
Fig: 01 Compressive Strength Test 

 
SPLIT TENSILE STRENGTH OF CONCRETE 
The tensile strength of concrete is one of the basic 
and important properties. Splitting tensile strength 
test on concrete cylinder is a method to determine 
the tensile strength of concrete. The concrete is very 
weak in tension due to its brittle nature and is 
not expected to resist the direct tension. The 
concrete develops cracks when subjected to tensile 
forces. Thus, it is necessary to determine the tensile 
strength of concrete to determine the load at which 
the concrete members may crack.  
Splitting tensile strength test on concrete cylinder is 
a method to determine the tensile strength of 
concrete. Split tensile strength test was conducted by 
using the method prescribed by IS5816-1999. 
Cylinders of 150mm×300mm were used for this test. 
The specimens were tested for 7, 14, 28 days the 
cylinder specimen was placed in horizontal direction 
on the testing machine.  
The splitting of cylinder is shown in figure. The 
following relation is used to find out the spilt tensile 
strength of cylinder  

Ft = 
��

���
 

Where Ft is split tensile strength, 
 P= Ultimate load in KN 
L = Length of the cylinder in mm, D = Diameter of 

the cylinder in mm 
 

 
Fig 02: Split Tensile Strength Testing Machine. 

 
FLEXURE STRENGTH TEST 
Flexural strength test on concrete beam to determine 
the strength of concrete. Flexural strength test was 
conducted by using the method prescribed by IS 516 
– 1959.  
Beams of dimension 700mm×150mm×150mm were 
used for this test, the test specimen is placed in the 
machine at the bearing surfaces of the supporting 
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and loading rollers. So that the load shall be applied 
without shock and increasing continuously at a 
stress increases at approximately 7 kg/sq mm that is 
at a rate of loading 400 kg/min for the 150 mm 
specimens. The load shall be increased until the 
specimen fails, and the maximum load applied to the 
specimen during the test shall be recorded. 
Where, Modulus of rupture f = PL/BD2 
 P is the load in KN. 
 L, B is the length and breadth in mm. 
D is the depth in mm. 
f is the flexure strength in N/mm2 

 

 
Fig 03:  Flexural Strength Testing Machine. 

ACID ATTACK TEST 

The concrete cube specimens of various concrete 
mixtures of size 150 mm were cast and after 28 days 
of water curing, the specimens were removed from 
the curing tank and allowed to dry for one day. The 
weights of concrete cube specimen were taken. The 
acid attack test on concrete cube was conducted by 
immersing the cubes in the acid water for 56 days 
after 28 days of curing. Hydrochloric acid (HCL) 
with pH of about 2 at 5% weight of water was added 
to water in which the concrete cubes were stored. 
The pH was maintained throughout the period of 56 
days. After 56 days of immersion, the concrete cubes 
were taken out of acid water. Then, the specimens 
were tested for compressive strength. The resistance 
of concrete to acid attack was found by the % loss of 
weight of specimen and the % loss of compressive 
strength on immersing concrete cubes in acid water. 

 
V EXPERIMENTAL RESULTS 
 
SLUMP TEST 
Slump test is used to determine the workability of 
fresh concrete. Slump test as per IS: 1199 – 1959 is 
followed. The apparatus used for doing slump test 
are Slump cone and Tamping rod. 
The internal surface of the mould is thoroughly 
cleaned and applied with a light coat of oil. The 
mould is placed on a smooth, horizontal, rigid and 
non-absorbent surface. The mould is then filled in 
four layers with freshly mixed concrete, each 
approximately to one-fourth of the height of the 

mould. Each layer is tamped 25 times by the rounded 
end of the tamping rod (strokes are distributed 
evenly over the cross section). After the top layer is 
rodded, the concrete is struck off the level with a 
trowel 
. 

 
Table 06: Slump test for Concrete with GGBS 

and Nano silica 

 

 
Fig 04: Graph for Slump test for Concrete with 

GGBS and Nano silica 
 

 COMPRESSIVE STRENGTH 
 

Table 07: Compressive strength of concrete with 
GGBS and 0% Nano silica 
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Fig 05: Graph for Compressive strength of 
concrete with GGBS and 0% Nano silica 

Table 08: Compressive strength of concrete with 
GGBS and 1% Nano silica 

 

 
Fig 06: Graph for Compressive strength of 
concrete with GGBS and 1% Nano silica 

 
Table 09: Compressive strength of concrete with 

GGBS and 2% Nano silica 

 

 
Fig 07: Graph for Compressive strength of 
concrete with GGBS and 2% Nano silica 

 
Table 10: Compressive strength of concrete with 

GGBS and 3% Nano silica 

 

 
 

Fig 08: Graph for Compressive strength of 
concrete with GGBS and 3% Nano silica 
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 SPLIT TENSILE STRENGTH TEST 
 

Table 11: Split tensile strength of concrete with 
GGBS and 0% Nano silica 

 

 
Fig 09: Graph for Split tensile strength of 
concrete with GGBS and 0% Nano silica 

 
 

Table 12: Split tensile strength of concrete with 
GGBS and 1% Nano silica 

 

 

 
Fig 10: Graph for Split tensile strength of 
concrete with GGBS and 1% Nano silica 

 
Table 13: Split tensile strength of concrete with 

GGBS and 2% Nano silica 

 

 
Fig 11: Graph for Split tensile strength of 
concrete with GGBS and 2% Nano silica 

 
 

Table 14: Split tensile strength of concrete with 
GGBS and 3% Nano silica 

 

 

 
 

Fig 12: Graph for Split tensile strength of 
concrete with GGBS and 3% Nano silica 
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 FLEXURAL STRENGTH TEST  
 

Table 15: Flexural Strength of concrete with 
GGBS and 0% Nano silica 

 

 
 

Fig 13: Graph for Flexural strength of concrete 
with GGBS and 0% Nano silica 

 
 

Table 16: Flexural Strength of concrete with 
GGBS and 1% Nano silica 

 

 

 
Fig 14: Graph for Flexural strength of concrete 

with GGBS and 1% Nano silica 
 

Table 17: Flexural Strength of concrete with 
GGBS and 2% Nano silica 

 

 
Fig 15: Graph for Flexural strength of concrete 

with GGBS and 2% Nano silica 
Table 18: Flexural Strength of concrete with 

GGBS and 3% Nano silica 
 

 

 
 
Fig 16: Graph for Flexural strength of concrete 

with GGBS and 3% Nano silica 
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TEST RESULTS IN ACID ATTACK 
 

Table 19. Compression test result along with 
acid attack acid attack @ 0% Nano Silica 

 

 

 
 

Fig 17: Compressive Strength test results (Acid 
Attack) with 0% Nano Silica 

Table: 20 Compression test result along with 
acid attack acid attack @ 1% Nano Silica 

 

 

 
Fig 18: Compressive Strength test results (Acid 

Attack) with 1% Nano Silica 

Table: 21 Compression test result along with 
acid attack acid attack @ 2% Nano Silica 

 

 
 

 
Fig 19: Compressive Strength test results (Acid 

Attack) with 2% Nano Silica 

 
 
 
 

Table: 22 Compression test result along with 
acid attack acid attack @ 3% Nano Silica 

 

 

 
Fig 20: Compressive Strength test results (Acid 

Attack) with 3% Nano Silica 

 
 

VI. CONCLUSIONS 
                  Based on the study carried out on the 
strength behaviour of GGBS and Nano silica , as a 
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partial replacement to cement the following 
conclusions are drawn  
• The slump values for different dosage of GGBS 

&Nano silica are almost greater when compared 
with conventional concrete.  

• Based on slump values concrete with different 
dosage of GGBS & Nano silica can be 
considered as high workable and can be used in 
Higher end constructions  

• As the dosage of GGBS and Nano Silica 
increases, slump values increases, at the 
optimum value then after the slump value 
decreases.  

• Based on compaction values the concrete with 
different dosage of GGBS and Nano silica can be 
considered as high workable and can be used in 
all structural constructions .  

• As the dosage of GGBS and Nano silica 
increases, compaction factor values increases.  

• Dry density of a concrete decreases with 30% 
dosage of GGBS & Nano silica increment in 
compressive strength of concrete when 
compared to conventional concrete. 

• Dry density of a concrete decreases with 30% 
dosage of GGBS & Nano silica increment in split 
tensile strength of concrete when compared to 
conventional concrete. 

• Dry density of a concrete decreases with 30% 
dosage of GGBS & Nano silica increment in 
flexural strength of concrete when compared to 
conventional concrete.  

• As the GGBS & Nano Silica is waste material, it 
reduces the cost of construction.  

 
SCOPE FOR FUTURE RESEARCH  
 
• Although a lot of work has been carried out 

involving the use of nano silica in concrete, a 
proper understanding has not been developed. In 
future, the size effects of nano silica can be 
studied in detail. A detailed study of the 
microstructure at specific intervals throughout a 
year can give a very good idea about the 
reactions taking place in the concrete. Looking at 
the price of the nano silica new methods can be 
designed for its production at a low cost. 
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