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Abstract — The present era very vast development occurred
in the field of construction, specially in concrete technology,
Concrete is the most versatile material due to its continuous
demand. The present research work focused on one such
product, i.e. Micro silica Micro ilica is a highly effective
pozzolanic material widely used in modern concrete
technology. It is an ultrafine by-product of silicon and
ferrosilicon alloy production, characterized by its very small
particle size and high amorphous silica content. This study
investigates the effects of micro-silica on concrete properties
by incorporating it in varying proportions from [5%, 10%,
15%, 20%, 25%] by weight of cement. Key parameters
examined include workability, compressive strength, and
splitting tensile strength. The results indicate that the
improvement is mainly due to its pozzolanic reaction with
calcium hydroxide, forming additional calcium silicate
hydrate (C-S-H) gel, and resulting in a denser and stronger
matrix. In fresh concrete, micro-silica improves cohesiveness
and reduces segregation and bleeding.
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I. INTRODUCTION

Concrete is one of the most essential materials used in
engineering, and its properties can be modified by
Incorporating different supplementary materials. One such
material is micro silica, a highly reactive pozzolanic
substance that has been widely used around the world for
many decades and is considered environmentally stable. It is
a by product obtained from the production of ferro-alloys and
high-purity quartz. Micro silica consists of extremely fine,
solid particles of silicon dioxide (SiO:), most of which are
less than 1 micron in diameter. This makes them about 50 to
100 times smaller than ordinary cement or fly ash particles.

In concrete technology, micro silica is added as a
mineral admixture to enhance the performance of concrete.
The presence of silica in micro silica reacts with calcium
hydroxide produced during the hydration of cement, forming
additional calcium silicate hydrate (C S-H) gel. This reaction
improves the mechanical strength, density, and durability of
concrete, making it more suitable for high performance and
long-lasting structures.

II. OBIJECTIVE

— To study the properties of micro-silica and understand its
highly reactive pozzolanic nature and fine particle size.

— To analyze the effect of micro-silica on concrete
properties, such as improvement in microstructure,
increased compressive strength, and tensile strength.

— To evaluate micro-silica as a partial replacement of
cement (5%—25%), including its benefits and limitations
like reduced workability and the need for proper mix
design.

III. LITERATURE REVIEW

To find the alternative supplementary material for
construction with cementitious properties a lot of research
done by the researchers. Some of them are give below in the
literature. The reviewed literature highlights extensive
research on the influence of micro silica and nano-silica on
concrete properties. Early studies by Arun Nishchal Guleria
and Sandeep Salhotra (2016) and Arihant S. Baid and S.D.
Bhole (2013) focused on the mechanical performance of
concrete with silica fume, reporting improvements in strength
and durability due to enhanced particle packing and
pozzolanic reactions. Similarly, Tanveer Hussaini and K.V.S.
Gopala Krishna Sastry (2014), along with Tarek Bahaa
(2014), examined strength development and early-age
properties, confirming that both micro and nano silica
contribute to better performance in cementitious systems.
Research by Leo Gu Li et al. (2024) and Saeed Bozorgmehr
Nia et al. (2022) expanded this understanding by analyzing
fresh and hardened properties, especially in self-
consolidating concrete. Additional investigations, such as
those by Safiuddin et al. (2007) and Bassam A. Tayeh et al.
(2022), explored curing methods and fiber reinforcement in
combination with silica, demonstrating improvements in
mechanical and fresh properties of high performance concrete

Further studies emphasize durability,
microstructural enhancement, and predictive modeling. N.S.
Berke and others highlighted the durability benefits of
microsilica, while Kulikov et al. investigated its role as an
additive in concrete production. Kamal Rahmani et al. (2012)
examined the effect of water-cement ratio on compressive
strength and abrasion resistance, whereas H.A. Narendra
Reddy (2017) provided a comprehensive review of nano-
silica performance. Research by Althebya et al. and Sharaky
et al. focused on hydration, strength, and microstructural
properties, confirming significant improvements due to nano-
silica incorporation. Studies by Khanzadi et al. (2010),
Umesh Sharma et al. (2014), and Verma Ajay et al. (2012)
demonstrated the influence of silica on permeability, strength,
and overall concrete performance. Review works by Jain et
al. (2014) and Ajileye (2012) further support the effectiveness
of microsilica as a partial cement replacement. Additionally,
recent studies such as those by Ajibola T. Tijani et al. (2015)
and Mustafa A. Rajil et al. (2024) highlight advancements in
recycled aggregate concrete and predictive strength
modeling, confirming the growing importance of micro and
nano silica in modern concrete technology.
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IV. METHODOLOGY

The study follows a systematic experimental approach to
evaluate the effect of micro-silica on the fresh and mechanical
properties of conventional concrete using OPC 53 grade
cement. Concrete mixes were prepared with varying
percentages of micro-silica, and standard cube specimens
(150 mm) were cast under controlled laboratory conditions.
The mix included cement, fine and coarse aggregates, water,
and micro-silica in specified proportions, ensuring proper
mixing, placement, compaction, and curing. Fresh concrete
properties such as workability and cohesiveness were
assessed using slump tests to understand the influence of
micro silica on flow characteristics. For hardened concrete,
tests were conducted at curing periods of 7, 14, and 28 days
to measure compressive strength and split tensile strength.
The results were analyzed and compared to determine the
optimum percentage of micro-silica that enhances both
strength and workability, ensuring reliable and practical
outcomes for construction applications

V. CONCRETE MIX DESIGN

A. Materials Used for Mix Design

— CEMENT: For this work brand 53 grade Ordnary
Portland Cement is used.

— FINE AGGREGATE: (M-Sand / River Sand) Used as:
Fine aggregate Standard: IS 2386 (Part 3) Conforms to:
IS 383:1970 (Zone II) Properties determined by sieve
analysis Clean and well-graded sand is used.

— COARSE AGGREGATE: Type Crushed angular stone
Size: <20 mm Retained on 4.75 mm sieve Standard: IS
383:1970 Provides strength and stability to concrete.

— MICRO SILICA: Type Ultrafine supplementary
cementitious material (SCM), Source: By-product of
silicon/ferrosilicon production. Nature Highly reactive,
amorphous, Functions: Pozzolanic reaction forms more
C S-H gel, Micro-filler - fills voids

— WATER: Should be potable (drinkable quality), Used
for: Mixing + curing No organic acids or impurities,
should not cause alkali-aggregate reaction, curing water
should be free from CO: and harmful substances

— CONPLAST ADMIXTURE: Conplast improves
concrete workability and reduces water content. It
increases strength and durability. It also minimizes
segregation and bleeding. Commonly used as a
plasticizer in RCC works.

B. Mix Design for M40 Grade Concrete as Per Is —
[10262:2019]

—  Target mean strength:

[Ftarget = fck + 1.65 x S]
Assume standard deviation For M40 = SN/mm? IS 10262-
2019 Table 2

=40+1.65x 5

[ Ftarget = 48.25N/mm?]
—  Selection of water cement ratio:
target strength of 48.25 N/mm? is 0.36 for Opc 43 Grade, [wc
=0.36]
—  Selection of water content:

[IS-10262-2019 Table 4] for 20 mm agg. water Content =
186kg
The Code Says: If you want more slump
(workability), add 3% extra water for each 25mm increase.
Estimated water content for 75Smm Slump
=[186 x (1+0.03) = 191.58 kg]

AS Super plasticizer is used; the water Content may be
reduced. The water content reduction of Saper plasticizer at
the rate of 23% Percent is considered while using
superplasticizer at the rate of 1.0% by wt. of Cement.

=[191.58 x 23/100 = 44.06]

=[191.58 - 44.06 = 147.52kg ~148kg] mass of water
— Calculation of cement content:
w/c ration = 0.36
[148/0.36 =411.11kg/m?]
~ from Table 5 of Is 456, min. Cement content for 'sever'
exposure Condition = 320kg/m?
[411.11 kg/ m® >320kg/m?] hence is OK.
Compute aggregate quantity by absolute volume (for /m?
concrete):
—  Volume of water and cement:
[Vc = Mass of Cement / Spe. G. of Cement] x 1/1000
(411.11/2.88) x (1/1000) = 0.142 m?
[Vw = Mass of Water / Spe. G. of Water] x 1/1000

(148/1) x (1/1000) = 0.148 m?
—  Entrapped aie volume in wet concrete: =0.01 m*
—  Volume of Aggregate:

Vagg=1[ Vw + V¢ + Vair]

1-[0.148+0.142+0.01] = 0.7 m?
From Table 5, the proportionate Volume of Course

agg. Corresponding to 20mm size agg.& fine agg. (Zone II)
for water-cement ratio of 0.50 = 0.62. In the present case, the
w/c ratio is 0.36. Volume of CA is required to be Increased to
decrease the fine Agg. Contest. As the w/c ratio is lower by
0.14. The proportion of Volume of CA increased by 0.028 (at
the rate of + 0.01 for every £ 0.05 changer in w/c ratio)

[0.36 = 0.62+ 0.028 = 0.648]

—  Volume of FA Content =1 - 0.648 = 0.352.
Vca =[0.7x0.648=0.4536 m?]
Vfa =[0.7x0.352=0.2464 m?]

[Mass of CA = Vagg x Vfa x Spe. G. CA x 1000]
=[0.7 x 0.648 x 2.79 x 1000] = 1243kg

[Mass of FA = Vagg x Vfa x Spe. G. FA x 1000]
=[0.7x0.352 x 2.65 x 1000] = 652.96~653 kg

—  Final Result — Quantity / Im?:
Water:148kg~148L
Cement:411.11kg
CA:1243Kg FA:653kg
—  Mix design Ratio:
Cement Part: [411.11/411.11] =1
Fine Aggregate Part: [653/411.11]=1.58
Coarse Aggregate Part: [1243/411.11] =3.023
—  Wirite as a Ratio: 1:1.58:3.023
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1) Mix Design Proportion for Mold of Cube
““150mm x 150mm X% 150mm’’ mold of cube

% of
Micro Micro
silica . Cement | Sand | Agg. | Admixture
replace silica kg kg kg ml
with Gram
cement
0% 0 1.361 | 2.286 | 4.252 10
5% 68.05 1.354 | 2.286 | 4.252 10
10% | 136.10 | 1.347 | 2.286 | 4.252 10
15% | 204.15 | 1.340 | 2.286 | 4.252 10
20% | 272.20 | 1.333 | 2.286 | 4.252 10
25% | 340.25 | 1.326 | 2.286 | 4.252 10

2) Mix Design Proportion for Cylindrical Mold
Cylindrical Mold 150mm X 300mm

% of
Micro Micro
silica o Cement | Sand | Agg. | Admixture
replace silica kg kg kg ml
with Gram
cement
0% 0 2.13 3.57 | 6.68 10
5% 106.5 2.02 3.57 | 6.68 10
10% 213 1.91 3.57 | 6.68 10
15% 319.5 1.81 3.57 | 6.68 10
20% 426 1.70 3.57 | 6.68 10
25% 532.5 1.59 3.57 | 6.68 10
VI. RESULTS

The concrete compressive strength test measures the
maximum load concrete can withstand before failure,
providing a key indicator of its structural performance and
durability.

A. Compressive strength

Compressive strength
Sr. Micro silica % of [N/mm?]
No 1.361kg cement 7 14 28
days days days
1 0% 28 34 41
2 5% 30 38 44
3 10% 33 42 48
4 15% 32 40 46
5 20% 29 36 42
6 25% 26 33 38

Compressive strength test
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— Maximum compressive strength is obtained with 10%
replacement
—  After 15% strength decrease due to reduction in cement
content
The splitting tensile test measures concrete tensile
strength, indicating its ability to resist pulling forces and
cracking under tension. The results are given below.

B. Split tensile strength

Compressive strength
Sr. Micro silica % of [N/mm?]

No 1.361kg cement 7 14 28
days days days
1 0% 1.89 2.17 2.70
2 5% 2 2.50 2.99
3 10% 2.40 2.80 3.39
4 15% 2.30 2.99 3.19
5 20% 1.99 2.60 2.90
6 25% 1.77 2.30 2.60

Tensile strength test
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—  Excess replacement reduces strength.
—  10% micro silica gives optimum performance improving
tensile strength as compared to normal concrete.

VII. CONCLUSION

The experimental results show that the addition of micro
silica significantly improves both compressive strength and
tensile strength of concrete up to an optimum level.

The maximum strength for both tests is observed by
10% replacement of cement, indicating this as the optimum
range for micro silica content. Strength of concrete increases
with curing period [7, 14, and 28 days], showing that micro
silica enhances long term strength development.

Overall micro silica is an effective supplementary
material that improves concrete performance, but it should be
used within an optimum range for best results.
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