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Abstract - The construction industry continually evolves to meet the demand for more robust, durable, and sustainable
concrete structures. To improve the mechanical and durability qualities of High-Strength Self-Compacting Concrete
(HSSCC), this study examines the application of nano minerals as a partial substitution for cement. Fly ash, Silica Fume,
Phosphogypsum, and Alccofine are examples of nanomineral admixtures used to improve concrete performance while
reducing the environmental impact of regular cement. The experimental program encompasses a series of laboratory tests to
assess the fresh concrete and mechanical attributes of the nano-modified HSSCC. Concrete samples curing for seven, fourteen
and twenty-eight days will be utilized for these strength tests. The RCPT test, which gauges chloride ion penetration in
concrete for twenty-eight, fifty-six and ninety days of curing, is conducted similarly. Tests like Flowability, L-Box, V-Funnel, J
ring and V funnel at T5 minutes are among the tests on freshly built concrete. These tests are helpful for determining how well
new concrete flows, passes over obstacles and resists segregation. The outcomes show that utilizing nanomineral admixtures
dramatically improves the performance of HSSCC. Compressive strength and durability are notably increased, surpassing
conventional HSSCC mixes, and the modulus of elasticity shows improvement, reflecting enhanced stiffness, durability and
structural integrity.

Keywords - Fly ash, Silica fume, Phosphogypsum, Alccofine, L-box, V-funnel, J-ring, Compressive strength, Modulus of
elasticity, RCPT, Structural integrity.

1. Introduction

Concrete, among the most ubiquitous construction
materials, has been subject to continuous innovation and
enhancement to meet the ever-increasing demands for more
vital, durable, and sustainable structures. High-Strength Self-
Compacting Concrete (HSSCC) represents a notable
advancement in concrete technology, offering improved
workability, reduced labour requirements, and enhanced
structural performance. Yet, the conventional production of
HSSCC relies heavily on Portland cement, a material
associated with high carbon emissions and environmental
impact. Researchers and industry professionals have focused
on alternative materials and technologies in pursuing more
sustainable construction practices. This study delves into a
novel approach to address this challenge by exploring the
incorporation of nano mineral admixtures as partially
replaced cement in HSSCC. Nano-sized materials, in the
form of Fly-Ash (FA), Silica Fume (SF), Phosphogypsum
(PG), and Alccofine (AC), have garnered considerable
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attention due to their unique properties and potential to
revolutionize the properties of traditional concrete. When
skillfully integrated into concrete mixtures, these materials
promise to enhance the mechanical and durability properties
of HSSCC while reducing its environmental footprint.

The drive for sustainability in the construction industry
has never been more urgent, with climate change and
resource scarcity casting a long shadow over the built
environment.  Since cement production  contributes
significantly to the world’s carbon dioxide emissions, it is
critical to look for creative solutions without sacrificing the
strength and functionality of concrete structures.

Nano mineral admixtures, with their ability to enhance
properties and reduce the cement content, represent a
compelling avenue for achieving this delicate balance.
Through experimentation and analysis, this study aims to
ascertain how nano-mineral admixtures work
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affect the characteristics of HSSCC. Despite its with lower
compressive strength, fly ash is one of the replacement
materials for cement that can help reduce environmental
hazards [1]. Conventional concrete and Self-Compacting
Concrete (SCC) exhibit significantly different rheological
characteristics due to their distinct composition, mix design,
and flowability requirements [2]. The inclusion of mineral
additives like Fly Ash and Copper Slag, which mainly were
substituted with cement and fine aggregate, increased the
density of SCC, according to SEM examination [3]. By
replacing up to 12.5% of cement in the concrete mix with
silica fume, the thickness of the concrete will be somewhat
improved [4].

The mechanical qualities are enhanced by adding silica
nanoparticles and silica fume to mineral admixtures [5].
Concrete gains more strength when silica fume is added in
more significant quantities [6]. Replacing phosphogypsum up
to 5% increases the durability property significantly [7].
There has been a methodological movement in concrete
design from a strength-based approach to a performance-
based one [8].

Globally, an alternative to concrete is a significant
finding nowadays. In this research, an attempt was made to
partially replace the cement particles with nanomineral
admixtures and find the optimal dosage. Because of the
addition of nano minerals, the strength may be increased to
some extent due to their ingredients. Detailed testing was
carried out, and the test results were tabulated. Moreover, if
this alternative becomes effective, it may be used for major
works and reduce the impact of global warming. In a world
where construction practices must adapt to meet the
challenges of the 21% century, the exploration of nano
mineral admixtures in HSSCC represents a vital step forward
in  pursuing superior building materials that are
environmentally responsible and technologically advanced.
This study underscores the significance of such research and
sets the stage for a comprehensive investigation into the
enhanced properties of HSSCC by utilizing nanomineral
admixtures.

2. Materials Used
2.1. Fly Ash

An ordinary residue of the burning of pulverized coal in
power plants is Fly Ash (FA) [9]. The mineral impurities in
coal suspended during combustion and with the flue gases
from the combustor include feldspar, clay, shale, and quartz.
Fly ash is composed of cooled, melted materials that, as they
rise, solidify into glassy, spherical particles. Bag filters are
used to remove fly ash from exhaust emissions.

2.2. Silica Fume
Amorphous (non-crystalline) silicon dioxide is known as
micro silica, commonly called silica fume. It is an ultrafine
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powder that results from silicon and ferrosilicon alloy
manufacturing. It is nearly 100 times smaller than typical
cement particles and has a particle size of less than 1 micron
and an average diameter of 0.1 microns.

The material’s high (>90%) amorphous silica
concentration affects its behaviour. At temperatures up to
2,000°C, high-purity quartz is converted to silicon,
generating SiO, vapours that oxidize and condense as
minute non-crystalline silica particles in the low-temperature
region [10].

2.3. Phosphogypsum

Phosphogypsum (PG) is a by-product of the wet process
used in the chemical and phosphate fertilizer industries to
make phosphoric acid. Gypsum (CaSO,4+2H,0) makes up the
majority of it. The dehydrate technique is used to
manufacture the majority of phosphogypsum in India
because it is easier to operate and requires less maintenance
than other methods.

2.4. Alccofine

Alccofine is a brand-new, micro-fine material made in
India that contains much smaller particles than conventional
hydraulic substances like cement, fly ash, silica, etc.
Alccofine provides unique qualities that improve the
“performance of concrete” in the fresh and hardened stages
because of its optimized distribution of particle sizes. It can
be used as a practical substitute for silica fume due to its
appropriate particle size distribution-not too coarse. Its
characteristic feature, an optimum particle size distribution,
is created during manufacturing utilizing specific equipment
in precisely controlled conditions. Alccofine versions 1203
and 1101 have low and high calcium silicate content,
respectively. The letters 1201, 1202, and 1203 of the
Alccofine 1200 series stand for fine, microfine, and ultrafine
particle sizes. Because Alccofine 1203 is so ultra-fine, less
water is needed to make it work, even up to 70%
replacement level when necessary.

2.5. Auramix 400

Aura Mix 400 is a novel blend of superplasticizers of
the most current generation, built on a poly-carboxylic ether
polymer [11] with long lateral chains. The dispersion of
cement is substantially improved. It combines the reduction
of water with the retention of workability. It is used to make
highly effective and incredibly workable concrete.

2.6. Chemical Composition of Nano-Minerals
The chemical composition of different nanomaterials
used in this research is shown in Table 1.

3. Material Tests
Sustainable building materials must be used for a
structure to be considered green. The construction industry
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has turned to sustainable materials to create more substantial,
environmentally friendly buildings. These materials are
chosen and developed to minimize environmental
consequences from extraction and manufacture to
transportation and disposal [21]. Materials like steel and
wood that have been previously used reduce the need for new
resources and divert rubbish from landfills. Table 1 lists
some eco-friendly options.

3.1. Specific Gravity Test

The specific gravity test is a typical laboratory test to
ascertain a material’s density or relative density concerning
the thickness of a reference substance, typically water. This
test is essential because it helps evaluate the qualities and

features of materials, which is vital in many industries,
including civil engineering, geology, construction, and
materials science. Table 2 lists the specific gravity values
for several materials.

3.2. Fresh Concrete Test

Fresh concrete tests are carried out to evaluate the
workability, consistency, and other qualities of freshly
mixed concrete before it sets and hardens.

These tests are essential to ensure the concrete mixture
complies with the specified standards and can be put and
compacted correctly on the construction site. Table 3
contains the test results for recently placed fresh concrete.

Table 1. Chemical composition of nano-minerals

Chemical Composition Fly Ash (FA) Silica Fume (SF) | Phosphogypsum (PG) Alccofine (AC)
C 23.29 - - -
CaO 3.00 0.31 33.81 33
SiO, 36.10 93.67 4.33 35
Al,O4 25.03 0.83 0.03 22.1
FeO 8.66 1.30 0.02 2.1
MgO 1.24 0.84 0.005 75
Na,O - 0.4 0.002 -
SO; 0.29 - 48.31 0.3
K,0 0.84 1.10 0.3 -
L.O.l. 1.55 1.55 13.12 -
Table 2. Specific gravity values of materials

SI. No. Description Specific Gravity Values
1 Cement 3.14
2 Fine Aggregate 2.62
3 Coarse Aggregate 2.72
4 Fly Ash 2.14
5 Silica Fume 2.60
6 Phosphogypsum 2.04
7 Alccofine 2.82
Table 3. Fresh concrete test values
Sl. No. Description 0% PG & AC 2.5% PG & AC 5% PG & AC
1 Flow Test 635 mm 652 mm 641 mm
2 L Box 0.82 0.95 0.90
3 V Funnel 10.8 secs 8.2 secs 9.3 secs
4 V5 15.5 secs 13.8 secs 14.6 secs
5 JRing 598 mm 625 mm 612 mm
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4. Mix Proportion

With concrete and other building materials, the word
“mix proportion” refers to the systematic determination and
specification of the amounts of different ingredients or
components that make up a combination. These ingredients
typically consist of binding material (cement), filler materials
(such as sand and gravel), water, and sometimes various
additives or admixtures. Mix proportioning is a crucial phase
in manufacturing concrete or mortar because it directly
impacts the characteristics and functionality of the finished
product. In this study, Aura Mix 400 is employed as a
superplasticizer, and nano-mineral admixtures are used to
substitute cement. Table 4 displays the mix design values.

5. Strength Test Results
Tests on hardened concrete are performed to evaluate
the qualities and characteristics of concrete after it has cured

and reached the desired strength. These tests are necessary
to confirm that the concrete satisfies the design criteria,
durability specifications, and expectations for overall
performance.

5.1. Compressive Strength

Compressive  strength, a fundamental property,
determines how long concrete can withstand axial loads
(pressing or crushing forces) before failing or seriously
deforming. It is one of the most significant characteristics of
concrete.

It evaluates the load-bearing capability and structural
soundness of concrete components such as columns, beams,
slabs, and foundations. The compressive value of the tested
concrete specimens is listed in Table 5; a graphic depiction
is shown in Figure 1.

Table 4. Mix design values of M70 grade for 1 cubic meter

Weight of Materials for 1 Cubic Meter (kg)
SN Material FA - 27.5% FA —22.5% FA-17.5%

- N0 aterials SF - 2.5% SF - 2.5% SF - 2.5%
PG - 0% PG -25% PG -5%
AC - 0% AC -2.5% AC - 5%

1 Cement 455 455 455

2 Fly Ash 178.75 146.25 113.75

3 Silica Fume 16.25 16.25 16.25

4 Phosphogypsum 16.25 32.5

5 Alccofine 16.25 325

6 Fine Aggregate 637 631 631

Coarse Aggregate

7 (20 mm & 10 mm) 931 923 9225

8 Water 169 169 169

9 Aura Mix 400 7.8 7.8 7.8

10 Mix Ratio 1:0.98:1.43:0.26 1:0.97:1.42:0.26 1:0.97:1.42:0.26

Table 5. Compressive strength values

Tested Specimens Based on the Percentage of Compressive Strength Values (N/mm’)
Materials Replaced for Cement Seven Days Fourteen Days Twenty-Eight Days
FA — 27.5%, SF — 2.5%, PG — 0%, AC — 0% 49.30 69.25 79.82
FA —22.5%, SF — 2.5%, PG — 2.5%, AC — 2.5% 55.55 73.34 85.23
FA — 17.5%, SF — 2.5%, PG — 5%, AC — 5% 53.25 70.35 78.26
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Fig. 1 Compressive strength

Concrete specimens with a 2.5% replacement rate exhibit
better outcomes in terms of compressive strength than the
other percentages after all days of curing.

The addition of an additional 2.5% of nanomaterials
yields results that are comparable to the nominal mix. The
table and graph data show that the ideal replacement
percentage is between 2.5% and 5%.

5.2. Splitting Tensile Strength

People frequently employ the “Brazilian Test” or
“Indirect Tensile Strength Test to evaluate the splitting
tensile strength.” It gauges the material’s resistance to
tensile stresses applied perpendicular to its surface. It is an
essential concrete property, especially when subjected to
bending or flexural loads-Table 6 and Figure 2 display the
results of the concrete specimens tested in the splitting
tensile test.

Table 6. Tensile strength values

. 2
Tested Specimens Based on the Percentage of Tensile Strength Values (N/mm?)
Materials Replaced for Cement Seven Days Fourteen Days | Twenty-Eight Days
FA - 27.5%, SF — 2.5%, PG — 0%, AC — 0% 3.17 3.50 3.72
FA —22.5%, SF — 2.5%, PG — 2.5%, AC — 2.5% 2.97 3.86 4.10
FA —17.5%, SF — 2.5%, PG — 5%, AC — 5% 2.75 3.55 3.83
4.5
-~ 4
E 35
2 3
% 2.5 -
g 2 -
o 15 -
% 14
D
= 05 -
0 |
7 Days 14 Days 28 Days
Days of Curing of Specimens with Various % of Replacement

Fig. 2 Tensile strength
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The tensile values (shown in Table 6 and Figure 2) are
gradually increased in 14 and 28 days of the cure for 2.5%
replacement while comparing other mixtures, similar to the
compressive strength. The proportion of tensile strength
decreases as the percentage of nanomaterials increases.

5.3. Flexural Strength

The ability of concrete to withstand bending or flexural
pressures is determined by its flexural strength, also known
as the modulus of rupture. Flexural strength examines a
concrete’s ability to handle transverse loads (bending or
tensile pressures) instead of compressive strength, which
measures a concrete’s resistance to axial loads (pressing or
crushing forces). This feature is essential for determining

how well concrete performs in applications with
considerable bending or flexural stresses, such as beams,
slabs, and other structural elements. The flexural strength
values are displayed in Table 7 below, and Figure 3 depicts
a graphical depiction of those values.

Figure 3 shows that the 2.5% of replacement produces
a more robust product than the others. Nano minerals should
be present in the mix at a maximum of 5%; any higher
proportion leads to a loss in strength. The excess
nanomaterials in the mixture may cause this reduction
because they cause more significant accumulation than
dispersion.

Table 7. Flexural strength values

2
Tested Specimens Based on the Percentage of Flexural Strength Values (N/mm)
Materials Replaced for Cement Seven Days Fourteen Days | Twenty-Eight Days
FA —27.5%, SF — 2.5%, PG — 0%, AC — 0% 5.41 7.55 8.54
FA —22.5%, SF — 2.5%, PG — 2.5%, AC — 2.5% 6.35 9.05 8.98
FA —17.5%, SF — 2.5%, PG — 5%, AC — 5% 6.10 8.92 8.30
10
&g 9
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£ 7 ——
£ 6 =
5 5| —
3 4. —
=
5 34 ——
2 ;] =
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1 - —————
O .
7 Days 14 Days 28 Days
Days of Curing of Specimens with Various % of Replacement

Fig. 3 Flexural strength

6. Durability Test Results

Durability tests assess how well concrete can withstand
various environmental and physical stresses over time. These
tests are essential for determining concrete buildings’
durability and long-term performance.

6.1. Alkaline Test

The 150mm x 150mm x 150mm cube specimens were
immersed in sodium hydroxide solution for 28, 56 and 90
days to perform the alkaline test, and the difference in
weight loss was recorded in Table 8.

Table 8. Alkaline test values

Tested Specimens Based on the Percentage of Materials Weight of Difference (%)
Replaced for Cement 7 Days 14 Days 28 Days
FA— 27.5%, SF — 2.5%, PG — 0%, AC — 0% 6.10 8.92 8.98
FA — 22.5%, SF — 2.5%, PG — 2.5%, AC — 2.5% 5.41 7.55 8.30
FA — 17.5%, SF — 2.5%, PG — 5%, AC — 5% 6.35 8.35 8.54

16



Vidhya Lakshmi Sivakumar et al. / IJCE, 10(9), 11-21, 2023

The cast specimens underwent a 28, 56 & 90-day cure in
3% sodium hydroxide. This testing indicates specific
concrete mixes’ resistance to sulphate attack concrete
through an expedited testing technique. A chemical reaction
over the concrete occurs during immersion, lowering the
specimen weight. This weight differential indicates the
impact of sulphate attack on the specimen. This investigation
uses the three trial mix specimens for the test. The samples
are removed from the acid in which they had been submerged
and allowed to air dry for a while. The specimen is
subsequently weighed using a weight balance to ascertain its
ultimate weight. The results are reported in Table 6,
demonstrating an average weight difference between the
2.5% and 5% trial mixes and standard concrete.

6.2. Rapid Chloride Penetration Test

Rapid Chloride Penetration Test (RCPT), or ASTM
C1202, is a standardized test to assess the concrete’s
permeability and resistance to chloride ion penetration.
Concrete specimens with dimensions of 100 mm in diameter
and 50 mm in height are prepared and cured for a
predetermined period of 28 days in a controlled environment.

The concrete sample is sandwiched between two testing
cell halves to prevent direct contact between the concrete
specimen and the chloride solution, forming an electrical
circuit. A power source and a controller that monitors the
electric current’s movement are attached to the testing cell.
The specimen is exposed to a continuous voltage. The
supplied voltage causes chloride ions to move through the
concrete material. The controller keeps track of the charge
that flows through the specimen during a predetermined
time, usually 6 hours. The total charge that passes through
the sample is represented in coulombs (Coulombs). Usually,
the outcome is stated as “Coulombs Passed” or “Chloride
lon Penetration Resistance”.

Lower Coulombs Passed values represent more
outstanding durability and resistance to chloride ion
penetration, respectively. Based on the results of the test,
concrete is rated as having “High,” “Moderate,” or “Low”
chloride ion penetration resistance. According to the charge
passed, Table 9 shows the chloride ion penetrability, and
Table 10 lists the outcomes of the tests performed on the
concrete specimens.

Table 9. Chloride penetration based on passing charges

Charge Passed in Coulomb

Value of Chloride ion Penetrability

Greater than 4000

Penetration is High

Between 2000 — 4000

Penetration is Moderate

Between 1000 — 2000

Penetration is Low

Between 100 — 1000

Penetration is Very Low

Less than 100

Negligible

The ASTM C 1202’s trapezoidal rule can convert the
total charge passed during this time into coulombs. The
formula for the average current across one cell is | = 900
*2(lcummurarive) coulombs.

Where, lcummuiative = [(lo+lze0)/2]+[1s0 + leo + loo + 1120
+ liso + ligo + oo + logo + lorg +
300 + I330]

I = charge passed in coulombs

lo = current at zero voltage in amperes

Iy = amperes of current at time ‘t” minutes after the
voltage is applied. The Table 9 and Figure 4 show that
2.5% phosphogypsum and alcofine added to cement
increases its resistance to chloride ion penetration. Adding
2.5% of PG and AC increased the penetration of chloride
ions. Therefore, it is clear that adding 2.5% more PG & AC
to concrete increases the material’s resistance to chloride
ion penetration and places it in the deficient and negligible
category in table 9’s classification system.

Table 10. RCPT values of concrete specimens

Tested Specimens Based on the Percentage of Materials RCPT Value in Coulombs
Replaced for Cement 28 Days 56 Days 90 Days
FA — 27.5%, SF — 2.5%, PG — 0%, AC — 0% 108 123 82
FA — 22.5%, SF — 2.5%, PG — 2.5%, AC — 2.5% 98 85 55
FA — 17.5%, SF — 2.5%, PG — 5%, AC — 5% 136 258 137
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6.3. SEM Analysis

To describe the microstructure of High-Strength Self-
Compacting Concrete (HSSCC), Scanning Electron
Microscopy (SEM) investigation is a valuable technique.
Using this method, you can thoroughly inspect the concrete’s
surface morphology, mineral makeup, and microstructural
characteristics. Below is an image showing how the

hydration product forms and is distributed throughout
different quantities of cement paste. After 28 days, the
strength of the concrete was evaluated based on the increase

&' e

Fig. 6 SEM image of mix 2 -
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of the hydration products. Signal collection from field
emission and sample interactions is essential to create
images during the SEM examination.

In SEM, a focused beam of quickly moving, high-
energy particles is directed at the surface of the substrate
material. The interaction between the material surface and
the emitted beam reveals critical aspects, such as material
surface topography, chemical properties, crystalline nature,
and constituent homogeneity.

- 4
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Since the mix-1 is a standard, no admixtures are added
to the concrete. Figure 5 demonstrates how more C-S-H gels
have developed, giving the concrete its full strength after 28
days. After adding 2.5% alccofine and phosphogypsum,
each with 2.5% silica fume and 22.5% fly ash, the SEM
analysis image of mix-2, in which the C-S-H gel formation
was pretty good, is displayed in Figure 6.

Due to the extensive distribution of gel in the SEM
graph, the strength of the concrete with admixtures was
significantly improved. Figure 7 demonstrates that the
increase in the proportion of admixtures-likely 2.5% silica
fume, 5% phosphogypsum and alccofine, and 17.5% fly ash
(mix-3), made the C-S-H gel formation insufficient to create
strength in the concrete. As a result, the concrete power is
significantly lower than mix-2. Finally, it is depicted that
mix 2 (2.5% of AC & PG each + 2.5% of SF + 22.5% of
FA) exhibits more particle distribution than the other mixes.

7. Conclusion

As a result, a substantial advancement in concrete
technology has been made with enhancing characteristics in
High-Strength Self-Compacting Concrete (HSSCC) with the
insertion of nano-mineral admixtures as a cement
replacement. By utilizing the advantages of nanotechnology
to increase SCC’s performance, this novel strategy offers
several improved features essential for contemporary
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like flyash, silica fume, phosphogypsum and alccofine, has
several significant benefits. Increasing mechanical strength,
mainly compressive and flexural strength, makes building
more durable and resilient structures possible—this increase
in strength benefits SCC’s structural integrity, overall
durability, and load-bearing capacity.

As 2.5% of replacement, the nano mineral admixtures
improve results in all areas, such as mechanical
characteristics (compressive strength, split tensile strength,
and flexural strength) and durability properties (alkali
resistance, chloride ion penetration, resistance and SEM
analysis).

The power decreases in all respects if the admixture
amount goes from 2.5% to 5%. So, it is clear that between
2.5% and 5% is the sweet spot for admixture replacement.
Additionally, using nano mineral admixtures helps reduce
the water-to-binder ratio, essential for strengthening
concrete’s durability and lowering the risk of sulphate
attack and the Alkali-Silica Reaction (ASR). In a time when
sustainability is a top priority, adding nano mineral
admixtures to SCC is in keeping with the values of
environmental ~ friendliness. ~ The  lower  cement
concentration reduces the carbon footprint of making
concrete while preserving priceless natural resources.

[1] A. Dinesh et al., “Experimental Study on Self Compacting Concrete,” International Journal of Engineering Sciences and Research
Technology, vol. 6, no. 3, pp. 42-50, 2017. [CrossRef] [Publisher Link]

(2]

S. Arunchaitanya, and E. Arunakanthi, “Usage of Mineral Admixtures in Self Compacting Concrete — A Review,” International Journal

of Innovative Technology and Exploring Engineering, vol. 8, no. 3, 2019. [Google Scholar] [Publisher Link]

(3]

Ashish Kumar, and Gaurav Kumar, “A Mix Design Procedure for Self-Compacting Concrete,” International Research Journal of

Engineering and Technology, vol. 5, no. 2, 2018. [Google Scholar] [Publisher Link]

(4]
2003. [CrossRef] [Google Scholar] [Publisher Link]
[5]

Hajime Okamura, and Masahiro Ouchi, “Self-Compacting Concrete,” Journal of Advanced Concrete Technology, vol. 1, no. 1, pp. 5-15,

G. lyappan et al., “Experimental Investigation of SCC Using Silica Fume,” International Journal of Innovative Research in Science,

Engineering and Technology, vol. 6, no. 4, pp. 6080-6089, 2017. [CrossRef] [Google Scholar] [Publisher Link]

(6]

M. Rame Gowda, S.M. Naveen Kumar, and Laxmisagar H. Kalmani, “Development of Self Compacting Concrete Using Silica Fume,”

International Journal for Scientific Research & Development, vol. 4, no. 11, pp. 36-38, 2016. [Google Scholar] [Publisher Link]

19


https://doi.org/10.5281/zenodo.345692
https://zenodo.org/record/345692
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Usage+of+Mineral+Admixtures+in+Self+Compacting+Concrete+%E2%80%93+A+review&btnG=
https://www.ijitee.org/wp-content/uploads/papers/v8i3/C2576018319.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Mix+Design+Procedure+for+Self-Compacting+Concrete&btnG=
https://www.irjet.net/archives/V5/i2/IRJET-V5I217.pdf
https://doi.org/10.3151/jact.1.5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Self-Compacting+Concrete&btnG=
https://www.jstage.jst.go.jp/article/jact/1/1/1_1_5/_article/-char/ja/
https://doi.org/10.15680/IJIRSET.2017.0604250
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Experimental+Investigation+of+SCC+Using+Silica+Fume&btnG=
http://www.ijirset.com/upload/2017/april/250_EXPREIMENTAL_n.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Development+of+Self+Compacting+Concrete+using+Silica+Fume&btnG=
https://www.ijsrd.com/articles/IJSRDV4I110075.pdf

Vidhya Lakshmi Sivakumar et al. / IJCE, 10(9), 11-21, 2023

[7] Fatih Ozcan, and Halil Kaymak, “Utilization of Metakaolin and Calcite: Working Reversely in Workability Aspect-As Mineral
Admixture in Self-Compacting Concrete,” Advances in Civil Engineering, 2018. [CrossRef] [Google Scholar] [Publisher Link]

[8] P. Sachin Prabhu, Ha. Nishaant, and T. Anand, “Behaviour of Self-Compacting Concrete with Cement Replacement Materials,”
International Journal of Innovative Technology and Exploring Engineering, vol. 8, no. 2S, 2018. [Google Scholar] [Publisher Link]

[9] 1. Surya, M. Surya, and A.V. Deepan Chakravarthi, “Experimental Investigation of Fly Ash Based Solid Block Masonry Prism by Using
M-Sand as Partial Replacement of Fine Aggregate,” International Journal of Recent Engineering Science, vol. 7, no. 3, pp. 25-29,
2020. [CrossRef] [Publisher Link]

[10] Millicent W. Njau et al., “Effect of Temperature on the Self-Healing Efficiency of Bacteria and on that of Fly Ash in
Concrete,” International Journal of Engineering Trends and Technology, vol. 70, no. 4, pp. 174-187, 2022. [CrossRef] [Publisher
Link

[11] B.S.]Pruthviraj, and Shrishail B. Anadinni, “A Design Mix Procedure and Durability Evaluation of Ggbfs & Fly Ash Based Geo-
Polymer Concrete,” International Journal of Engineering Trends and Technology, vol. 70, no. 11, pp. 178-186, 2022. [CrossRef]
[Google Scholar] [Publisher Link]

[12] P. Raghava, V. Giridhar Kumar, and T.Chandrasekhar Reddy, “Study of Macro Level Properties of SCC Using GGBS and Lime Stone
Powder,” International Journal of Engineering Research and Development, vol. 11, no. 8, pp. 21-26, 2015. [Google Scholar] [Publisher
Link]

[13] Ravichandran Subbarayalu, A.M. Asumathi, and P. Kalai Selvi, “Performance Analysis for Self Compacting Concrete without Super
Plasticizer,” Journal of Building Pathology and Rehabilitation, 2017. [CrossRef] [Google Scholar] [Publisher Link]

[14] Khalid Mohammed Breesem, Faris Gorashi Faris, and Isam Mohammed Abdel-Magid, “Behaviour of Self-Compacting Concrete Using
Different Sludge and Waste Materials — A General Overview,” International Journal of Chemical, Environmental and Biological
Sciences, vol. 2, no. 3, pp. 151-156, 2014. [Google Scholar] [Publisher Link]

[15] S. Kavitha, and R. Umadevi, “Evaluating the Strength Gain and Structural Properties of Self-Compacting Concrete by Incorporating
Robo Sand and GGBS,” International Journal of Informative and Futuristic Research, vol. 3, no. 6, 2016.

[16] Iman Mehdipour et al., “Effect of Workability Characteristics on the Hardened Performance of FRSCCMs,” Construction and Building
Materials, vol. 40, pp. 611-621, 2013. [CrossRef] [Google Scholar] [Publisher Link]

[17] Oladipupo S. Olafusi et al., “Evaluation of Fresh and Hardened Properties of Self-Compacting Concrete,” Open Journal of Civil
Engineering, vol. 5, no. 1, 2015. [CrossRef] [Google Scholar] [Publisher Link]

[18] llker Bekir Topcu, and Turhan Bilir, “Experimental Investigation of Some Fresh and Hardened Properties of Rubberized Self-
Compacting Concrete,” Materials and Design, vol. 30, no. 8, pp. 3056-3065, 2008. [CrossRef] [Google Scholar] [Publisher Link]

[19] N. Ganesan, J. Bharati Raj, and A.P. Shashikala, “Flexural Fatigue Behaviour of Self Compacting Rubberized Concrete,” Construction
and Building Materials, vol. 44, pp. 7-14, 2013. [CrossRef] [Google Scholar] [Publisher Link]

[20] Bensaid Boulekbache et al., “Flowability of Fibre-Reinforced Concrete and Its Effect on the Mechanical Properties of the Material,”
Construction and Building Materials, vol. 24, no. 9, pp. 1664-1671, 2010. [CrossRef] [Google Scholar] [Publisher Link]

[21] Nahla Naji Hilal, Mohammed Freeh Sahab, and Taghreed Khaleefa Mohammed Ali, “Fresh and Hardened Properties of Lightweight
Self-Compacting Concrete Containing Walnut Shells as Coarse Aggregate,” Journal of King Saud University — Engineering Sciences,
vol. 33, no. 5, pp. 364-372, 2020. [CrossRef] [Google Scholar] [Publisher Link]

[22] Muhammad I. Khan et al., “Self-Consolidating Lightweight Concrete Incorporating Limestone Powder and Fly Ash as Supplementary
Cementing Material,” Materials, vol. 12, no. 18, pp. 1-11, 2019. [CrossRef] [Google Scholar] [Publisher Link]

[23] Farhad Aslani, and Shami Nejadi, “Mechanical Properties of Conventional and Self-Compacting Concrete: An Analytical Study,”
Construction and Building Materials, vol. 36, pp. 330-347, 2012. [CrossRef] [Google Scholar] [Publisher Link]

[24] O. Gencel et al., “Mechanical Properties of Self-Compacting Concrete Reinforced with Polypropylene Fibres,” Materials Research
Innovations, vol. 15, no. 3, pp. 216-225, 2011. [CrossRef] [Google Scholar] [Publisher Link]

[25] Behnam Vakhshouri, and Shami Nejadi, “Mix Design of Lightweight Self-Compacting Concrete,” Case Studies in Construction
Materials, vol. 4, pp. 1-14, 2016. [CrossRef] [Google Scholar] [Publisher Link]

[26] Murthi Palanisamy et al., “Permeability Properties of Lightweight Self-Consolidating Concrete Made with Coconut Shell Aggregate,”
Journal of Materials Research & Technology, vol. 9, no. 3, pp. 3547-3557, 2020. [CrossRef] [Google Scholar] [Publisher Link]

[27] O.S. Olafusi et al., “Rheological and Mechanical Characteristics of Self-Compacting Concrete Containing Corncob Ash,” Journal of
Engineering Research, vol. 22, no. 1, pp. 72-85, 2017. [Google Scholar] [Publisher Link]

[28] Mahmoud Khashaa Mohammed, Abdulkader Ismail Al-Hadithi, and Marwa H. Mohammed, “Production and Optimization of Eco-
Efficient Self Compacting Concrete SCC with Limestone and PET,” Construction and Building Materials, vol. 197, pp. 734-746, 2019.
[CrossRef] [Google Scholar] [Publisher Link]

[29] Kaustav Das et al., “A Study on the Effect of Mineral Admixtures on Self Compacting Concrete,” International Research Journal of
Engineering and Technology, vol. 4, no. 4, pp. 2292-2296, 2017. [Publisher Link]

20


https://doi.org/10.1155/2018/4072838
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Utilization+of+Metakaolin+and+Calcite%3A+Working+Reversely+in+Workability+Aspect+%E2%80%93+As+Mineral+Admixture+in+Self-Compacting+Concrete&btnG=
https://www.hindawi.com/journals/ace/2018/4072838/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Behaviour+of+Self-Compacting+Concrete+with+Cement+Replacement+Materials&btnG=
https://www.ijitee.org/wp-content/uploads/papers/v8i2s/BS2666128218.pdf
https://doi.org/10.14445/23497157/IJRES-V7I3P105
https://ijresonline.com/archives/ijres-v7i3p105
https://doi.org/10.14445/22315381/IJETT-V70I4P215
https://ijettjournal.org/archive/ijett-v70i4p215
https://ijettjournal.org/archive/ijett-v70i4p215
https://doi.org/10.14445/22315381/IJETT-V70I11P219
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Design+Mix+Procedure+and+Durability+Evaluation+of+Ggbfs+%26+Fly+Ash+Based+Geo-Polymer+Concrete&btnG=
https://ijettjournal.org/archive/ijett-v70i11p219
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+of+Macro+level+Properties+of+SCC+using+GGBS+and+Lime+Stone+Powder&btnG=
https://d1wqtxts1xzle7.cloudfront.net/39421341/D1182126-libre.pdf?1445848443=&response-content-disposition=inline%3B+filename%3DStudy_of_Macro_level_Properties_of_SCC_u.pdf&Expires=1695986360&Signature=V3m1aY4ZSbKjA6V4X6GCvo2hAIcxFe7sGWayLyIqBlLSgwUf9~0-I2GFe~YaKCUoyfafvBodxdHcdWKhBUefYFMEjh0f5suw5D72K8gxiuv7cB4sr7johy1VlrbhUFGpbiLKlOmRkJ8D7k4z5VV~nSa0RTNb4Km6AwtCP2~RE86AXoDHG5dZZSP-oz6bI9W3w~VLPajl4cFKwRNaVS0tXJ92HndrRQsC0XmVCP7PHHi5iwWRMACk0eSrJ2auLREfU99z3ezkmOp-lF5BTiW80CRgWycZS3BO~SbTRGHJvUr932SxdUNM1E4VrWIa7F5IZS2VAss-4RnUtb6EOW21eQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/39421341/D1182126-libre.pdf?1445848443=&response-content-disposition=inline%3B+filename%3DStudy_of_Macro_level_Properties_of_SCC_u.pdf&Expires=1695986360&Signature=V3m1aY4ZSbKjA6V4X6GCvo2hAIcxFe7sGWayLyIqBlLSgwUf9~0-I2GFe~YaKCUoyfafvBodxdHcdWKhBUefYFMEjh0f5suw5D72K8gxiuv7cB4sr7johy1VlrbhUFGpbiLKlOmRkJ8D7k4z5VV~nSa0RTNb4Km6AwtCP2~RE86AXoDHG5dZZSP-oz6bI9W3w~VLPajl4cFKwRNaVS0tXJ92HndrRQsC0XmVCP7PHHi5iwWRMACk0eSrJ2auLREfU99z3ezkmOp-lF5BTiW80CRgWycZS3BO~SbTRGHJvUr932SxdUNM1E4VrWIa7F5IZS2VAss-4RnUtb6EOW21eQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1007/s41024-017-0029-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Performance+Analysis+for+Self+Compacting+Concrete+without+Super+Plasticizer&btnG=
https://link.springer.com/article/10.1007/s41024-017-0029-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Behaviour+of+Self-Compacting+Concrete+Using+Different+Sludge+and+Waste+Materials+%E2%80%93+A+General+Overview&btnG=
https://www.researchgate.net/profile/Faris-Faris-2/publication/269635527_Behavior_of_Self-Compacting_Concrete_Using_Different_Sludge_and_Waste_Materials_A_General_Overview/links/549100460cf225bf66a99ce2/Behavior-of-Self-Compacting-Concrete-Using-Different-Sludge-and-Waste-Materials-A-General-Overview.pdf
https://doi.org/10.1016/j.conbuildmat.2012.11.051
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+workability+characteristics+on+the+hardened+performance+of+FRSCCMs&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0950061812008872
http://doi.org/10.4236/ojce.2015.51001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+Fresh+and+Hardened+Properties+of+Self-Compacting+Concrete&btnG=
https://www.scirp.org/journal/paperinformation.aspx?paperid=53454
https://doi.org/10.1016/j.matdes.2008.12.011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Experimental+Investigation+of+Some+Fresh+and+Hardened+Properties+of+Rubberized+Self-Compacting+Concrete&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0261306908006146
https://doi.org/10.1016/j.conbuildmat.2013.02.077
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Flexural+Fatigue+Behaviour+of+Self+Compacting+Rubberized+Concrete&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0950061813002183
https://doi.org/10.1016/j.conbuildmat.2010.02.025
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Flowability+of+fibre-reinforced+concrete+and+its+effect+on+the+mechanical+properties+of+the+material&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0950061810000681
https://doi.org/10.1016/j.jksues.2020.01.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fresh+and+Hardened+Properties+of+Lightweight+Self-Compacting+Concrete+Containing+Walnut+Shells+as+Coarse+Aggregate&btnG=
https://www.sciencedirect.com/science/article/pii/S101836391930563X
https://doi.org/10.3390/ma12183050
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Self-Consolidating+Lightweight+Concrete+Incorporating+Limestone+Powder+and+Fly+Ash+as+Supplementary+Cementing+Material&btnG=
https://www.mdpi.com/1996-1944/12/18/3050
https://doi.org/10.1016/j.conbuildmat.2012.04.034
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mechanical+properties+of+conventional+and+self-compacting+concrete%3A+An+analytical+study&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S095006181200236X
https://doi.org/10.1179/143307511X13018917925900
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mechanical+properties+of+self-compacting+concrete+reinforced+with+polypropylene+fibres&btnG=
https://www.tandfonline.com/doi/abs/10.1179/143307511X13018917925900
https://doi.org/10.1016/j.cscm.2015.10.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mix+Design+of+Lightweight+Self-Compacting+Concrete&btnG=
https://www.sciencedirect.com/science/article/pii/S2214509515300115
https://doi.org/10.1016/j.jmrt.2020.01.092
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Permeability+properties+of+lightweight+self-consolidating+concrete+made+with+coconut+shell+aggregate&btnG=
https://www.sciencedirect.com/science/article/pii/S2238785419320356
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rheological+and+Mechanical+Characteristics+of+Self-Compacting+Concrete+containing+Corncob+Ash&btnG=
http://jer.unilag.edu.ng/article/view/304
https://doi.org/10.1016/j.conbuildmat.2018.11.189
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Production+and+Optimization+of+Eco-Efficient+Self+Compacting+Concrete+SCC+with+Limestone+and+PET&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0950061818328836
https://www.irjet.net/archives/V4/i4/IRJET-V4I4468.pdf

Vidhya Lakshmi Sivakumar et al. / IJCE, 10(9), 11-21, 2023

[30] Pradnya P. Urade, Chandrakant U. Mehetre, and Shriram H. Mahure, “Comparative Study of Properties of Self Compacting Concrete
with Ground Granulated Blast Furnace Slag and Fly Ash as Admixtures,” International Journal of Civil, Structural, Environmental and
Infrastructure Engineering Research and Development, vol. 4, no. 2, pp. 127-138, 2014. [Publisher Link]

[31] Mostafa Jalal et al., “Comparative Study on Effects of Class F Fly Ash, Nano Silica and Silica Fume on Properties of High Performance
Self Compacting Concrete,” Construction and Building Materials, vol. 94, pp. 90-104, 2015. [CrossRef] [Google Scholar] [Publisher
Link]

[32] T.Y. Lo et al., “Comparison of Workability and Mechanical Properties of Self-Compacting Lightweight Concrete and Normal Self-
Compacting Concrete,” Materials Research Innovations, vol. 11, no. 1, pp. 45-50, 2007. [CrossRef] [Google Scholar] [Publisher Link]

[33] S.N. Aravinth, “Development of High Strength Self Compacting Concrete Using Mineral and Chemical Admixture,” Journal of Civil
Engineering and Environmental Technology, vol. 1, no. 4, pp. 8-13, 2014. [Google Scholar] [Publisher Link]

[34] B.C. Shathappa, M.C. Prahallada, and K.B. Prakash, “Effect of Addition of Combination of Admixtures on the Properties of Self
Compacting Concrete Subjected to Chloride Attack,” International Journal of Scientific Engineering and Technology, vol. 2, no. 2, pp.
96-102, 2013. [Google Scholar] [Publisher Link]

[35] Saurav Kar, and Shreyasee Sulakshna Sanjay, “Effect of Admixtures on Shrinkage Properties in Self-Compacting Concrete,”
International Journal of Research in Engineering and Technology, vol. 5, no. 2, pp. 292-296, 2016. [Google Scholar] [Publisher Link]

[36] Zulfu C.Ulucan, Kazim Turk, and Mehmet Karatas, “Effect of Mineral Admixtures on the Correlation between Ultrasonic Velocity and
Compressive Strength for Self-Compacting Concrete,” Russian Journal of Nondestructive Testing, vol. 44, no. 5, pp. 367-374, 2008.
[CrossRef] [Google Scholar] [Publisher Link]

[37] Patil Hiteshkumar Santhosh, Arunkumar Dwivedi, and Aniruddha Chatterjee, “Enhancement of Plastic Stage Properties of Self
Compacting Concrete Using Nano Composite Particles,” International Journal of Advance Research in Science and Engineering, vol. 7,
no. 3, pp. 911-917, 2018. [Google Scholar] [Publisher Link]

[38] K.S. Johnsirani, A. Jagannathan, and R. Dinesh Kumar, “Experimental Investigation on Self Compacting Concrete Using Quarry Dust,”
International Journal of Scientific and Research Publications, vol. 3, no. 6, pp. 1-5, 2013. [Google Scholar] [Publisher Link]

[39] R. Selvapriya, and M. Rajkannan, “Experimental Study on Self Compacting Concrete Using GGBS,” International Journal of Scientific
Research and Engineering Development, vol. 2, no. 3, pp. 660-664, 2019. [Google Scholar] [Publisher Link]

[40] K.S. Suhas, and D. Raghavendra, “Strength Characterstics of Self Compacting Concrete with Partial Replacement of Cement by Mineral
Admixtures Using Polypropylene Fibers,” International Research Journal of Engineering and Technology (IRJET), vol. 4, no. 7, pp.
2336-2341, 2017. [Publisher Link]

[41] S. Sesha Phani et al., “Studies on Effect of Mineral Admixtures on Durability Properties of High Strength Self Compacting Concrete,”
International Journal of Research in Engineering and Technology, vol. 2, no. 9, pp. 98-104, 2013. [Publisher Link]

[42] M. Adams Joe, and A. Maria Rajesh, “Study on the Effect on Ggbs and M Sand in Self Compacting Concrete,” The International
Journal of Engineering and Science, vol. 4, no. 8, pp. 12-18, 2015. [Google Scholar] [Publisher Link]

21


http://www.tjprc.org/publishpapers/--1396853888-Comparative%20study.full.Pdf
http://dx.doi.org/10.1016/j.conbuildmat.2015.07.001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparative+Study+on+Effects+of+Class+F+Fly+Ash%2C+Nano+Silica+and+Silica+Fume+on+Properties+of+High+Performance+Self+Compacting+Concrete&btnG=
https://www.paydarbeton.com/wp-content/uploads/2021/07/Comparative-study-on-effects-of-Class-F-fly-ash-nano-silica-and-silica-fume2.pdf
https://www.paydarbeton.com/wp-content/uploads/2021/07/Comparative-study-on-effects-of-Class-F-fly-ash-nano-silica-and-silica-fume2.pdf
https://doi.org/10.1179/143307507X196239
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparison+of+Workability+and+Mechanical+Properties+of+Self-Compacting+Lightweight+Concrete+and+Normal+Self-Compacting+Concrete&btnG=
https://www.tandfonline.com/doi/abs/10.1179/143307507X196239
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Development+of+High+Strength+Self+Compacting+Concrete+Using+Mineral+and+Chemical+Admixture%2C%E2%80%9D+Journal+of+Civil+Engineering+and+Environmental+Technology&btnG=
https://krishisanskriti.org/vol_image/03Jul20150207435.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+Addition+of+Combination+of+Admixtures+on+the+Properties+of+Self+Compacting+Concrete+Subjected+to+Chloride+Attack&btnG=
https://d1wqtxts1xzle7.cloudfront.net/32491641/paper7-libre.pdf?1391144443=&response-content-disposition=inline%3B+filename%3DEffect_of_Addition_of_Combination_of_Adm.pdf&Expires=1695991032&Signature=A3U0JJFZmDXpuWSxj7cBe0pHV6qGNV41IZPWYsd-HHokGZ7ycXbhpKFV4X3PD8a0W3sNjWswkYk8FZwG1cY0dZIn6kcwaikmb-LtRQB8Ucq8Xaqx~lkntP3xWp7vo-Q0cUxwsAgSRj-Jli5CfDo3KmsB5h5~fcIpIXlY0QAFshJ8TopmYQ4G6tPSnpKQsNgKfhonVGQ7xwERskmc8CKeck04f6IiLsV-muQMHOijg7gtsBAJtO1jAyMmjXFjCxu5-FSjJar4pG90u7VGi9tOav0UTboJg6mjolhy23FUW9AncKloxHUJWgM40LMjSTGyxBjKW7dfGKzIPz1xlwQotQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%22Effect+of+Admixtures+on+Shrinkage+Properties+in+Self-Compacting+Concrete%22%2C&btnG=
https://d1wqtxts1xzle7.cloudfront.net/65220966/IJRET_PUBLISH_SCC-libre.pdf?1608368302=&response-content-disposition=inline%3B+filename%3DEFFECT_OF_ADMIXTURES_ON_SHRINKAGE_PROPER.pdf&Expires=1695991313&Signature=Jpvh-f5SlCwSulEwQWCEO98wF2G7ZFezq4T7lEv3n0gfbwbZ0T7xSnj3tLNMQz3sTD45wyzAGSnvQ-Xxj3nGkDi5OzCB~jwoLnI747TmS0Wo~JQa9-E2izgdHeJqBCR0Ggh5TReV3DwjUvEpT50R9BzlADqWkAjRtgDFuXph-icdZPH4dIOP6-VAmdMeujHGFURKoQXLtKjZylQB4zH6EnKumC3FymdzsFd-LW9uRnfEpgKs7Z3rjh2D7pvt4t78rACI7UbpnQ8l9VdjlZX3SLJEAS4uT1AWz~QJyzqeCMXzl9bxw3Mra2kiMGLP8wwIe9q3CRGYZfbBOjWY~cVlgg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1134/S1061830908050100
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+Mineral+Admixtures+on+the+Correlation+between+Ultrasonic+Velocity+and+Compressive+Strength+for+Self-Compacting+Concrete&btnG=
https://link.springer.com/article/10.1134/S1061830908050100
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Enhancement+of+Plastic+Stage+Properties+of+Self+Compacting+Concrete+Using+Nano+Composite+Particles&btnG=
http://www.ijarse.com/images/fullpdf/1523727255_445IJARSE.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Experimental+Investigation+on+Self+Compacting+Concrete+Using+Quarry+Dust&btnG=
https://www.ijsrp.org/research-paper-0613.php?rp=P181372
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Experimental+study+on+self+compacting+concrete+using+GGBS&btnG=
http://www.ijsred.com/volume2/issue3/IJSRED-V2I3P77.pdf
https://www.irjet.net/archives/V4/i7/IRJET-V4I7475.pdf
https://ijret.org/volumes/2013v02/i09/IJRET20130209016.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+on+the+Effect+on+Ggbs+and+M+Sand+in+Self+Compacting+Concrete&btnG=
https://www.theijes.com/papers/v4-i8/C048012018.pdf

