Rajesh Goyal et al. /IJESM Vol.2, No.3 (2012)

ijesm
www.ijesm.com

ISSN 2249 - 7366

International Journal of Engineering, Science and Metallurgy

(Research article)

Study of Effects of Micro Silica Variation on M80 Concrete
Rajesh Goyala, Anil Kumara, Ashok K. Guptaa, Manik Goyalb
b

a
Department of Civil Engineering, Jaypee University of Information Technology Waknaghat, Solan (H.P.) - 173234
Department of Civil Engineering, Prannath Parnami Institute of Management and Technology Hisar-125001 (Haryana)

Accepted 15 July 2012, Available online 1Sept 2012

Abstract
High performance concrete (HPC) is a novel construction material with improved properties like higher strength and
longer durability compared to conventional concrete. High Strength Concrete (HSC) is a type of HPC. Appropriate use
of mineral and chemical admixtures with better quality control leads to HSC. Extensive research work has also
established that the addition of mineral admixtures to plain cement concrete improves its strength, durability,
toughness, and post-cracking load resistance. In this paper, an attempt has been made to study the effect of micro-silica
with 0%, 5%, and 10% replacement on the compressive and flexural strengths of high strength concrete with varying
water-cement ratios. It has been found that the compressive strength of concrete increases with increase in micro-silica
content upto certain proportion. Moreover, micro-silica does not affect flexural strength as much as compressive
strength.
Keywords: Concrete, Micro Silica

accelerated research into the microstructure of concretes
and more elaborate codes and standards. As a result, new
materials and composites have been developed and
improved cements evolved. Today concrete structures
with a compressive strength exceeding 138 MPa are
being built world over. In research laboratories, concrete
strengths of even as high as 800 MPa (ACI Std.) are
being produced.
In this paper, an attempt has been made to study the effect
of micro-silica with 0%, 5%, and 10% replacement on the
compressive and flexural strengths of high strength
concrete for different water-cement ratios.

1. Introduction
Today, the concrete is the most widely used construction
material in the world. High performance concrete (HPC)
is a new construction material with improved properties
like higher strength, longer durability, etc than
conventional concrete. The use of HPC in the
construction of earthquake-resistant structures, long-span
bridges, offshore structures and other mega-structures
results in lighter sections leading to cost-effectiveness.
Use of HPC, having improved durability reduces lifecycle cost of the structures. Because of these benefits,
HPC has been used more in nuclear power plants,
viaducts, bridges, high-rise buildings, etc all over the
world.
High Strength Concrete (HSC) is a type of HPC. ACI
defines HPC as “Concrete meeting special combinations
of performance and uniformity requirements that cannot
always be achieved routinely using conventional
constituents and normal mixing, placing and curing
practices”. Appropriate use of mineral and chemical
admixtures alongwith better quality control leads to HSC.
At the turn of the 20th century, concrete compressive
strength was in the range of 13.8 MPa; by the 1960s it
was in the range of 27.6-41.4 MPa. Deterioration, long
term poor performance and inadequate resistance to
hostile environment, coupled with greater demands for
more sophisticated architectural form, led to the

2. Achieving high strength
There are two crucial concepts used to produce high
strength concrete (HSC) ― (1) Maintaining extremely
low water-cement ratio. Water reducing admixtures
(WRAs) are used to make the concrete workable at as low
water-cement ratio as 0.25 and; (2) Proper packing of
ingredients leaving minimum or no air voids as shown in
Fig. 1. High cement content may lead to increased
shrinkage and heat of hydration. Some portion of cement
can be replaced by cementitious materials like silica
fume, fly ash, ground blast furnace slag, etc. It has been
found that using these mineral admixtures enhances the
durability of concrete.
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3. Guidelines on constituents of HSC

Fig. 3. W/B ratio vs compressive strength band

Cement: Minimum cement content of 320 kg/m3 must be
used. OPC is preferred over PPC. OPC 33, 43 and 53
grades are to be used. Higher the grade of cement more is
the shrinkage.
Water: Only potable water is recommended, which is
free from organic & inorganic impurities. Temperature of
water should be less than 35oC.
Aggregates: Size of aggregate governs target strength.
Crushed angular aggregates are preferred due to better
bond strength owing to interlocking. Strength is increased
up to 38% at lower w/c ratio than 0.4 as compared to
rounded aggregates. Maximum size (MSA) permitted is
10-12mm. Larger particles of crushed rock will often be
weaker than smaller particles of the same material due to
defects. Fine aggregates fill the voids between coarse
aggregates. Identify the grading zone from Fig. 2, which
governs amount of cementitious/binding material and fine
aggregate to be added.

Admixtures: Admixtures are chemical compounds in
concrete other than cement, water and aggregates. Two
kinds of admixtures are used―mineral admixtures and
chemical admixtures.
4. Mix design of HSC
In this paper, a combined ACI and IS code method of mix
design is presented suggested by Santhakumar [1]. Steps
for mix-design of HSC M80 are presented as follows.
Step-1. Target Average Compressive Strength (f’ck ), f’ck
= fck + t.s
where, t = a statistical value depending upon test data (t =
1.65, as per IS-456:2000)
and,
s = std. dev. depending upon grade of concrete
and degree of control
Step-2. Maximum size of aggregate (MSA) is chosen
from the Table-2. (ACI 211-4R-93)
Step-3. Water/Binder Ratio: The suggested water/binder
ratio can be found from the graph (Fig. 4) for a given 28day compressive strength. Due to variation in the strength
efficiency of different supplementary cementitious
material, the curve shows a broad range of water/binder
values for a given strength. If the efficiency of the
different supplementary cementitious material is not
known from the prior experience, the average curve can
be used.
Step-4. Water Content: It is very difficult to determine the
amount of water to be used to achieve high strength
concrete. A 200-mm slump concrete can be achieved with
a low water dosage and high super plasticizer dosage and
vice-versa. Therefore, a simplified approach based on the
concept of saturation point is suggested by ACI and
presented in Fig. 5. If the saturation point of

Fig. 2 Type grading curves for 20 mm aggregate
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superplaticizer is not known, it is suggested starting with
a water content of 145 l/m3.

entrapped air content and then adjusting it on the basis of
the results obtained with the trial mix.
Mix Design Sheet: All the calculations needed to find the
mix proportions are presented on a single sheet. This
sheet is divided into two parts. In the upper part the
specified properties of mix are reported, along with the
characteristics of all the ingredients that will be used. The
lower part of mix design sheet is in the form of a table in
which all the boxes are numbered in the order in which
they have to be filled in. The table is divided into six
columns, numbered at the top. A sample sheet for Trial
mix no. 2 is shown in Fig. 6.
5. M80 mix design: an illustration
The experimental program has been to design a mix with
28 days strength of 80 MPa. Three trial batches with 0%,
5% and 10% micro silica (M.S.) were prepared. The
compressive strength of each batch at 3, 7, 28 days and 3
months and the flexural strength of each batch at 7, 28
days and 3 months, have been determined using universal
testing machine and compared by plotting the results.

Fig. 4 Scale to locate water dosage
Step-5. Superplasticizer Dosage: If saturation point is not
known, it is suggested starting with a trial dosage of 1%.
Step-6. Coarse Aggregate Content: It can be found from
the Fig. 5. It is a function of typical particle shape. If any
doubt about the shape of coarse aggregate or the shape is
not known, a content of 1000 kg/m3 of coarse aggregate
can be used as trial.

Fig. 5 Shape of aggregate
Step-7. Air Content: It has been found that it is difficult to
achieve less than 1% entrapped air and in the worst case,
the entrapped air content can be as high as 3%. It is
suggested that using 1.5% as an initial estimate of
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Figure 6 shows a sample mix-design sheet for Trial no. 2.

formation of micro-cracks. However, micro-silica does
not affect flexural strength to a large degree.

6. Analysis of results
Figures 7 to 9 show various plots of the results obtained
by testing the samples in UTM. Table 4 shows the
experimental results of various trials. From Figs. 7 and 8,
it can be seen that the compressive strength at 28 days
increases by as much as 75% when 5% micro-silica is
added. Further addition of micro-silica does not increase
the strength much but by 10%. As far as flexural strength
is concerned, addition of micro-silica does not affect it as
much as compressive strength. Fig. 9 reveals that flexural
strength at 28 days is enhanced merely by 12 - 15%.
Conclusions
It has been concluded that the compressive strength of
concrete increases with increase in micro-silica content.
Compressive strength of concrete gets substantially
increased on increasing the amount of micro-silica in it
(i.e., 0%, 5%, and 10%). Flexural strength also increases,
which may be attributed to Pozzolanic as well as filler
properties of micro-silica, which provides extra binding
hence strength increases and fills the voids preventing the

Fig. 7. Comparison of compressive strength (MPa) of
cylinders.
Fig. 8. Comparison of compressive strength (MPa) of
cubes.
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Gsup :specific gravity of the liquid superplasticizer;
S :total solid content of the superplasticizer in per cent;
Msol :mass of solids in the superplasticizer;
d :superplasticizer dosage as a percentage of the mass of
solids in
comparison to the total mass of cementitious materials;
Vliq :volume of liquid superplasticizer;
Vw :volume of water in the liquid superplasticizer;
Vsol :volume of solids in the superplasticizer;
W :mass of water in kg per cubic metre of concrete;
B :mass of binder in kg per cubic meter.
Fig.9 Comparison of flexural strength (MPa) of beams
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