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Abstract — The construction industry's demand for
sustainable and high-performance concrete has intensified the
search for innovative supplementary cementitious materials
(SCMs). This experimental investigation evaluates the
performance of M60 grade high-performance concrete (HPC)
incorporating Alccofine 1203 and nano-silica as partial
cement replacements. The study systematically examined
workability, compressive strength, and flexural strength
properties at various curing ages (28, 90, and 180 days).
Results demonstrate that 15% Alccofine replacement
achieved optimal compressive strength enhancement of
14.96% (79.70 N/mm?) at 28 days compared to control mix
(69.33 N/mm?). Similarly, 3% nano-silica replacement
yielded 12.83% strength improvement (78.22 N/mm?). The
synergistic combination of 15% Alccofine + 3% nano-silica
demonstrated superior long-term performance, achieving
87.41 N/mm? compressive strength at 180 days—a 13.47%
enhancement over control concrete. However, workability
decreased progressively with increasing SCM content,
requiring higher superplasticizer dosages. The findings
indicate that carefully optimized combinations of these ultra-
fine SCMs can significantly enhance concrete performance
while contributing to sustainable construction practices.
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I. INTRODUCTION

Concrete ranks as the world's second most-consumed
material after water, with approximately 1 m*> manufactured
per capita annually. This massive consumption drives
Portland cement production, which is highly energy-intensive
and contributes significantly to CO: emissions. Despite
cement's outstanding mechanical characteristics, it often fails
to meet modern durability requirements, necessitating the
substitution of significant cement quantities with by-product
substances to enhance concrete sustainability.

High-performance concrete (HPC) represents an
evolutionary advancement in concrete technology. According
to the American Concrete Institute, HPC is defined as
"concrete that satisfies unique performance and uniformity
criteria which cannot always be met by using traditional
materials, usual mixing methods, and typical curing
techniques." In developed countries, HPC is characterized by
compressive strength exceeding 70-80 MPa after 28 days of
curing, durability factors above 80%, and water-cement ratios
below 0.35.

The primary distinction between conventional
concrete and HPC lies in the utilization of supplementary
cementing materials (SCMs). These materials function as
pozzolanic substances and fine fillers, resulting in denser and
stronger microstructure in hardened concrete mixtures. The

hydration kinetics, structure, and formation of calcium
silicate hydrate (C-S-H) are significantly influenced by SCM
interactions with cement.

A. Alccofine

Alccofine 1203 represents India's advanced ultrafine slag
(UFS) substitute material—a patented microfine grey mineral
admixture. Compared to conventional SCMs like fly ash,
metakaolin, or micro silica, Alccofine quality remains stable
due to stringent quality control measures during production.
The material possesses latent hydraulic reactivity properties
due to the presence of both calcium and reactive silicates,
enabling reaction with water to form C-S-H with or without
Portland cement involvement.

B. Nano-silica

Nanotechnology  advancements have enabled the
development of nanoparticles smaller than 100 nm. Nano-
silica, consisting of amorphous Si content of high purity,
represents one of the most widely used admixtures due to its
small size, high pozzolanic behavior, and pore-filling
capacity. The nano-structure provides extremely high surface
area and acts as excellent binding material between aggregate
and cement. Research indicates optimal effectiveness in the
range of 0.5-4% cement replacement, as further increases can
cause agglomeration due to inadequate dispersion.

II. EXPERIMENTAL PROGRAM

A. Materials

— Cement: Ordinary Portland cement (KCP) of specific
gravity 3.15 conforming to IS 12269-2013 requirements
was utilized for all concrete mixtures.

— Fine Aggregates: Locally available river sand free from
organic impurities, meeting IS 383-2016 requirements,
with fineness modulus of 2.4.

— Coarse Aggregates: Locally available crushed stone of
20mm maximum size, conforming to IS 383-2016, with
fineness modulus of 6.98.

— Alccofine 1203: Low calcium silicate-based mineral
admixture from Ambuja Cements Ltd, with fineness of
12,000 cm*gm and specific gravity of 2.85.

— Nano-silica: High purity amorphous silica from Astrra
Chemicals with specific surface area of 202 m?g and
SiO2 content up to 99.9%.

— Superplasticizer: Conplast SP430DIS based on
sulphonated naphthalene polymers, meeting IS 9103
standards.

B. Mix Design

M60 grade concrete mix design was developed according to
IS 10262:2019 with water-cementitious ratio of 0.32 for
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severe exposure conditions. The final mix proportions per
cubic meter were established through systematic trial mixes.

C. Testing Program

The experimental program comprised three phases:

1) Optimization of Alccofine content: 5%, 10%, 15%, and
20% cement replacement

2) Optimization of nano-silica content: 1%, 2%, 3%, 4%,
and 5% cement replacement

3) Combined optimization: 15% Alccofine + 3% nano-
silica combination

All specimens were tested for compressive strength
at 28, 90, and 180 days, with flexural strength evaluated for
optimal combinations.

III. RESULTS AND DISCUSSION

A. Fresh Properties

Mix Nano-silica Compressive Strength
D %) (N/mm’)
28 days | 90 days | 180 days
N1 0 69.33 73.33 77.04
N2 1 74.07 77.63 79.26
N3 2 75.41 79.41 82.07
N4 3 78.22 81.78 85.78
N5 4 76.59 80.59 83.26
N6 5 74.22 78.81 81.19
Table 4: Compressive Strength Results - Nano-silica
Optimization

Nano-silica demonstrated optimal performance at
3% replacement, achieving 12.83% strength enhancement at
28 days. Higher dosages (4% and 5%) showed diminished
performance due to agglomeration effects and inadequate

dispersion.
. _ Compressive Strength (N/mm?)
Mix Description g% 05 T 90 days | 180 days
Control (0%) 69.33 73.33 77.04
15% Al+3%NS | 78.81 81.19 87.41
Improvement (%) | 13.67 10.72 13.47

Table 5: Combined Effect - Alccofine + Nano-silica

The

combination

demonstrated

synergistic
remarkable long-term strength development, with 13.47%
enhancement at 180 days, indicating superior pozzolanic

Alccofine Slump Value Percentage Change
(%) (mm) (%)
0 215 -
5 208 -3.26
10 200 -6.98
15 197 -8.37
20 188 -12.56
Table 1: Workability Assessment - Slump Values
Workability ~ progressively  decreased  with
increasing ——Alccofinecontent, requiring enhanced

superplasticizer dosages. The reduction ranged from 3.26%

at 5% replacement to 12.56% at 20% replacement, attributed

to the high fineness and specific surface area of Alccofine
articles.

activity and microstructure refinement.

C. Flexural Strength Performance

Alccofine Initial Setting Time Water
(%) (minutes) Requirement (%)
0 55 31.75
5 72 31.5
10 82 29.85
15 95 28
20 110 26.5

Table 2: Setting Time Characteristics
Initial setting time extended progressively with
Alccofine incorporation, providing extended workability
periods beneficial for complex construction operations.

B. Compressive Strength Performance

Mix Alccofine Compressive Strength
D (%) (N/mm?)
28 days | 90 days | 180 days

M1 0 69.33 73.33 77.04
M2 5 73.63 75.85 77.93
M3 10 76.15 78.52 80.3
M4 15 79.7 81.48 83.56
M5 20 75.85 78.52 80.3

Table 3: Compressive Strength Results - Alccofine

. . Flexural Strength (N/mm?)
D B 28 days | 90 days | 180 days
Control 5.63 6.81 7.23
15% Alccofine 6.81 7.7 8.3
3% Nano-silica 6.52 7.41 8.18
15% Al+3% NS | 6.81 Jll 8.89

Optimization
The optimal Alccofine replacement of 15%
achieved maximum compressive strength enhancement
across all curing ages. Strength improvement of 14.96% at 28
days demonstrates the effectiveness of Alccofine's dual role
as pozzolanic material and filler.

Table 6: Flexural Strength Results

The combined mixture achieved 23% improvement

in flexural strength at 180 days, demonstrating enhanced
tensile capacity and crack resistance properties.

D. Microstructural Analysis

The enhanced performance can be attributed to multiple

mechanisms:

1) Pozzolanic Activity: Both materials react with calcium
hydroxide to form additional C-S-H gel, the primary
binding phase in concrete.

2) Filler Effect: Ultra-fine particles fill voids between
cement grains, increasing packing density and reducing
porosity.

3) Nucleation Effect: Nano-silica provides nucleation sites
for C-S-H formation, accelerating early hydration and
strength development.

4) Interfacial Transition Zone (ITZ) Enhancement: Fine
particles improve the weak aggregate-paste interface,
crucial for overall concrete performance.
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E. Economic and Environmental Implications
15% Al + .
Parameter Control 39 NS Reduction
Cement (kg/m?®) 466 382 18%
CO: Emission o
(ke/m?)* 372 305 18%
Cost Index 100 95 5%
*Estimated based on 0.8 kg CO: per kg cement
Table 7: Material Consumption Analysis
The optimized combination reduces cement
consumption by 18%, contributing to significant

environmental benefits and modest cost savings despite
higher material costs for SCMs.

IV. CONCLUSIONS

This comprehensive experimental investigation of high-
performance concrete incorporating Alccofine and nano-
silica yields several significant conclusions:

1)

2)

3)

4)

5)

6)

1)

2)

3)

4)

5)

Optimal Dosages: 15% Alccofine and 3% nano-silica
represent optimal replacement levels for maximum
strength enhancement without severe workability
compromise.

Strength Enhancement: Individual materials achieved
14.96% (Alccofine) and 12.83% (nano-silica) strength
improvements, ~while their combination provided
13.67% enhancement at 28 days and superior long-term
performance.

Workability Considerations: Progressive workability
reduction necessitates increased superplasticizer
dosages, requiring careful mix optimization for practical
applications.

Durability’ Implications: Enhanced flexural strength
(23% improvement) indicates improved crack resistance
and structural longevity.

Sustainability Benefits: 18% cement reduction
contributes to environmental sustainability while
maintaining superior performance characteristics.
Long-term Performance: The synergistic combination
demonstrates excellent long-term strength development,
with continued strength gain beyond 90 days.

V. FUTURE RESEARCH DIRECTIONS

Extended Durability Studies: Long-term exposure to
aggressive environments including chloride penetration,
sulfate attack, and freeze-thaw cycles.
Thermal Stability: High-temperature
evaluation for fire resistance applications.
Microstructural Characterization: Advanced imaging
techniques to understand interfacial transition zone
modifications.

Field Performance: Real-world application studies to
validate laboratory findings.

Cost-Benefit  Analysis: Comprehensive economic
evaluation considering lifecycle costs and performance
benefits.
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