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Abstract— The use of silica fume had major impact on
industries, ability to routinely and commercially produce
silica fume modified concrete of flow able in nature but yet
remain cohesive, which in turn produces high early and later
age strength including resistant to aggressive environments.
This study is an experiment on the nature of silica fume and
its influences with waterproofing admixture on the properties
of fresh concrete. As after adding waterproofing admixtures
in the concrete, it reduces the compressive strength of the
concrete. After partial replacement of cement by silica fume
with an addition of waterproofing admixture the strength
parameters of concrete have been studied. First the strength
parameters of concrete without any partial replacement were
studied then strength parameters by partial replacement with
silica fume have been studied by placing cube on
compression testing machine (CTM). Silica fume were used
to replace 0% to 15% of cement by weight. The results
showed that partial replacement of cement with silica fume
had significant effect on the compressive strength of cube,
Durability and Split Tensile Strength. The strength of
concrete increases rapidly as we increases the silica fume
content and the optimum value of compressive strength is
obtained at 10% replacement. After 10% it starts decreasing
under uniform load condition of 4 KN.
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I. INTRODUCTION

In today’s generation, we have to look at a way to reduce the
cost of building materials, especially cement without
increasing the cost. Nowadays, cement is so costly that only
rich people & government can afford. This study is carried
out to investigate the possibility of utilizing materials as
partial replacement materials for cement in the production of
concrete. This study also investigates the strength properties
of micro silica concrete and dampness in concrete is also a
major problem nowadays but adding waterproofing
admixtures has a great impact on the strength and durability
of the concrete so we have to find out a way that will give us
a strong waterproof / damp proof concrete at a lower cost.
Thus adding silica fume and waterproofing admixtures
simultaneously in the concrete can solve the problem.

Il. EXPERIMENTAL INVESTIGATION

A. Materials

1) Cement

Ordinary Portland Cement of 53 grade was used in the present
study which surpasses Specifications (IS 8112-1989) on
compressive strength levels.

2) Fine Aggregate

Natural sand as per IS: 383-1970 was used. Locally available
River sand having bulk density 2610 kg/m® was used. The
properties of fine aggregate are shown in Table 1

Sr. No Property Result
1 Specific Gravity | 2.61
2 Fineness modulus | 3.10
3 Grading zone 1l
Table 1: Properties of fine aggregate
3) Coarse Aggregate
Crushed aggregate confirming to 1S 383:1970 was used.
Aggregates of size 10 mm of specific gravity 2.83 and
fineness modulus 6.28 were used.
4) Water
Generally, water that is suitable for drinking is satisfactory
for use in concrete. The portable water is generally
considered satisfactory for use in concrete.
5) Silica Fume
Micro silica is a byproduct of some industries so it becomes
cheaper than cement. It is also known as silica fume,
condensed silica fume and silica dust too. It is powder based
product having color as white or grey. Its specific gravity is
2.2 t0 2.3. The size of micro silica is lesser than 1 pum.
6) Waterprrofing Admixture (Hydraproof Combination)
Hydraproof combination is a unique composition of the
present need. Hydraproof Combination is a ready to use liquid
highly effective super plasticiser for cement concrete. It is
primarily based on Sodium salt, Naphthalene Formaldehyde
sulphonate condensate. Immediately it mixes with water on
addition. It acts as a triple function additive for producing free
flowing concrete. It has a powerful deflocculating and
dispersing effect on the cement particles results into concrete
with zero slump/collapse slump, literally a flowing concrete.
The concrete results with low permeability and fine
surfacefinish.

I1l.  MIX PROPORTIONING

Concrete mix design in this experiment was designed as per
the guidelines specified in 1.S. 10262-1982. But some
restriction is imposed by restricting the amount of
cementations material content is equal to 450 Kg/m3. The

Table 2 shows mix proportion of concrete (Kg/m®):
w/cratio | Cement | F.A | C.A | Water
0.5 1.293 | 2.703 | 3.671 | 0.646
Table 2: Mix Proportion of M25 grade
W/.C Cement F.A C.A Water
ratio
0.45 1.327 2.544 3.814 0.642

Table 3: Mix Proportion of M30 grade

IV. METHODOLOGY

The first testing of silica fume in Portland-cement-based
concretes was carried out in 1952. The biggest drawback to
exploring the properties of silica fume was a lack of material
with which to experiment. Early research used an expensive
additive called fumed silica, an amorphous form of silica
made by combustion of silicon tetrachloride in a hydrogen-
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oxygen flame. Silica fume on the other hand, is a very fine
pozzolanic, amorphous material, a by-product of the
production of elemental silicon or ferrosilicon alloys in
electric arc furnaces. Before the late 1960s in Europe and the
mid-1970s in the United States, silica fumes were simply
vented into the atmosphere.

With the implementation of tougher environmental
laws during the mid-1970s, silicon smelters began to collect
the silica fume and search for its applications. The early work
done in Norway received most of the attention, since it had
shown that Portland cement-based-concretes containing
silica fumes had very high strengths and low porosities. Since
then the research and development of silica fume made it one
of the world’s most valuable and versatile admixtures for
concrete and cementitous products.

No. | Categories | Description
1 Size < lpmm
2 Shape Spherical

Table 4 Physical properties of silica fume

No. | Test Parameters | Results
1 Loss of ignition | 0.08%
2 Silica (Si02) 99.67%
3 Iron (Fe203) 0.015%
4 | Alumina (AbO3) | 0.07%
B Calcium (Ca0O) 0.04%
6 | Magnesium (Mg) | 0.02%
7 Sodium-(Na20) | 0.05%
8 | Potassium (K20) | 0.01%

Table 5 Chemical properties of silica fume

A. Compressive Strength Test:

In most structural applications, concrete is employed
primarily to resist compressive stresses. When a plain
concrete member is subjected to compression, the failure of
the ‘'member takes place, in its vertical plane along the
diagonal. The vertical crack occurs due to lateral tensile
strains. A flow in the concrete, which is in the form of micro
crack along the vertical axis of the member will take place on
the application of axial compression load and propagate
further due to the lateral tensile strains.The load was applied
axially without shock till the specimen was crushed. Results
of the compressive strength test on concrete with and without
varying proportions (0%, 3%, 5%, 10% and 15%) of silica
fume replacement at the age of 7days, 14 days and 28 days
were noted. The cubes were tested using compression testing
machine (CTM).
P/A = Compressive stress.

Where, P = Load (N) and A = Area (mm2)

B. Split Tensile Strength Test:

Split tensile strength test was carried out conforming to IS
516-1959 to obtain tensile strength of concrete at the age of
28 days. The cylinders of size 100mm in diameter and
200mm in length were tested using compression testing
machine (CTM). The uniform applied loading of 2KN is
given to sample in compression testing machine (CTM). The
split tensile strength of concrete is most often evaluated using
a split cylinder test, in which a cylindrical specimen is placed
on its side and loaded in diametrical compression, so to
induce transverse tension.

Practically, the load applied on the cylindrical
concrete specimen induce tensile stresses on the plane
containing the load and relatively high compressive stresses
on the plane containing the load and high compressive
stresses in the area immediately around it. The split tensile
strength obtained by formula given below:

T =0.637P/DL
Where,
T= split tensile strength in MPa.
P = Applied load.

D = Diameter of concrete cylinder sample in mm.
L = length of concrete cylinder sample in mm.

C. Durability Test:

Durability of concrete may be defined as the ability of
concrete to resist weathering action, chemical attack, and
abrasion while maintaining its desired engineering properties.

D. Resistance to Sulfate Attack:

High amounts of sulfates in soil or water can attack and
destroy a concrete that is not properly designed. Sulfates (for
example calcium sulfate, sodium sulfate, and magnesium
sulfate) can attack concrete by reacting with hydrated
compounds in the hardened cement paste. These reactions can
induce sufficient pressure to slowly cause disintegration of
the concrete. Like natural rock such as limestone, porous
concrete (generally with a high water-cementitious ratio) is
susceptible to weathering caused by salt crystallization.

Examples of salts known to cause weathering of
concrete include sodium carbonate and sodium sulfate.
Sulfate attack and salt crystallization are more severe at
locations where the concrete is exposed to wetting and drying
cycles, than continuously wet cycles. For the best defense
against external sulfate attack, concrete with a low water to
cementitious material ratio (w/cm) (less than 0.45 for
moderate sulfate environments and less than 0.40 for more
severe environments) should be used along with cements or
cementitious material combinations specially formulated for
sulfate environments

E. Resistance to Sea Water:

The durability of concrete is regarded as its ability to resists
the effects and influences of the environment while
performing its desired functions. Over the year it has become
very necessary and imperative to ascertain the qualities of
properties of coastal structures (oil platform, sea wall, buck
head etc) in contact with sea water as they tend to perform
their functions during the period of their design life. The
properties of concrete structures such as strength, durability,
stability, resistance to frost & thaw action etc require
thorough investigation. The effect of seawater on concrete
has remained a major problem associated with structures
either built in sea water or cast or cured with sea water. The
presence of sodium chloride in sea water accelerates the
attack on other compounds on the concrete. The chemical
action of seawater on concrete is mainly due to attack by
Magnesium sulphate (MgSQ4). This attack is by
crystallization. It has been established that potassium and
magnesium sulphates (K.SOs & MgSOys) present in seawater
can cause sulphate attack in concrete as a result of initial
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reaction with calcium hydroxide [Ca(OH),] which present in
set cement and form by hydration of C3sS & C,S.

Seawater tends to increase the risk of corrosion of
embedded steel reinforcement when the structure is duely
exposed to air. The most damaging effect of seawater on
concrete structures arises from the attack of chlorides on the
steel reinforcement and salt build up. The increase in the risk
of corrosion of steel limits the use of seawater in steel
reinforced structures, if prior preventive measures are not put
in place. Preventive measures include the coating of
reinforcement steel with cement slurry mixed with fresh
water.

V. RESULTS AND DISCUSSION

A. Compressive Strength:

MS CEMENT M25 M30
0% 100% 30.93 37.42
3% 97% 34.58 39.67
5% 95% 37.34 39.93
10% 90% 40.95 43.23
15% 85% 32.90 38.06

Table 6: Compressive strength results of M25 and M30
grade of concrete after 28 days of curing (N/mm2)
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Graph 1: Graphical representation of compressive strength
results of M25 and M30 grade of concrete cube after days of
curing (N/mm?)

B. Split Tensile Strength:

. STS (N/mm?)
Mix (%) Specimenl | Specimen?2 Avg. STS(28days)
0 4.46 4.75 4.60
5 4.82 4.67 4.75
10 491 4.88 4.89
15 4.72 4.55 4.64

Table 7: Split tensile strength results of M30 grade of
concrete cylinder after 28 days of curing (N/mm2)
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Graph 2: split tensile strength results of M30 grade of
concrete cylinder after 28 days of curing (N/mm?)

C. Durability Test Results:

?le?mﬁzs) Average weight (kg)

Before .
MS% 90 120 curing After curing
Days Days 90 | 120 90 120
day | day | day | day
0 35.03 | 3452 | 9.23|9.17| 782 | 7.70
3 36.93 | 36.17 | 9.71 | 9.68 | 7.96 | 7.81
5 38.12 | 3791 | 9.77 | 9.75 | 8.15 | 8.07
10 41.97 | 41.29 | 10.0 | 9.98 | 8.63 | 8.24

Table 8: compressive strength results of M30 grade of
concrete after 90 days and 120 days in sea water
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Graph 3: compressive strength results of M30 grade of
concrete after 90 days and 120 days in sea water

?llll?m(r:nzs) Average weight (kg)
MS% 120 Before curing | After curing
90 Days 90 90 | 120
Days day 120day day | day
0 3421 [3341]933| 931 | 771|752
3 35.09 | 3572|982 | 9.79 | 7.83 | 7.67
5 37.17 |37.01 987 | 9.85 | 819 | 8.05
10 40.31 | 40211994 | 9.90 | 8.77 | 8.69

Table 9: compressive strength results of M30 grade of

concrete after 90 days and 120 days in MgSO4
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Graph 4: compressive strength results of M30 grade of
concrete after 90 days and 120 days in MgSQg,
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VI. CONCLUSION

It may be concluded that use of silica fume is a necessity in
production of not only for high strength concrete but also for
low/medium strength concrete as this material facilitate the
adoption of lower water - cement material ratio and better
hydration of cement particles including strong bonding
amongst the particles. From the study it has been observed
that maximum compressive strength is noted for 10%
replacement of cement with silica fume and the values are
higher than those of the normal concrete cube whereas split
tensile strength of the SF concrete is increased respectively as
compared to the normal concrete when 10% of cement is
replaced by SF. As the SF concrete is more compact and
thereby more durable in nature and hence with some degree
of quality control, it may be used in places of construction
where there is a chance of chemical attack, frost action etc.
Lastly with good quality control, high early strength can be
achieved in SF concrete which may be useful in various
structural constructions such as high-rise buildings, bridges,
chimneys, machine foundations, run ways etc., wherein, the
timeframe of completion vis-a-vis the economy is an
important driven factor for the targeted purpose as well as for
the contractors and owners alike as this concrete will provides
quick stage by stage or floor to floor construction.
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