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Supplemental cementitious materials (SCM) are gaining popularity in the construction sector, bringing about a technological
revolution in civil engineering. Alccofine is an innovative micro-fine concrete material designed for high strength concrete, where workability
and strength are equally significant. It is a specifically processed product with high glass content and high reactivity, created via controlled
granulation. The concrete used in this study is M60 grade. Slag sand is used as a total replacement for fine aggregate, and cement is substituted
with 0%, 5%, 10%, 15%, and 20% of Alccofine. Various strength tests including compressive strength, split tensile strength, and flexural
strength were conducted at 28, 56, and 90 days of curing. The optimal performance was obtained at 15% Alccofine replacement, achieving a
compressive strength of 71.98 N/mm2, split tensile strength of 7.259 N/mm?2, and flexural strength of 7.982 N/mm2 at 90 days.

Alccofine; Slag Sand; Workability; Compressive Strength; Split Tensile Strength; Flexural Strength; M60 Grade Concrete;
Supplementary Cementitious Materials.

Concrete is the most popular building material in the world, playing a vital role in the development of infrastructure
including buildings, industrial structures, bridges, highways, and dams. The global consumption of cement is increasing due to
its extensive use; over 5 billion tons of cement is produced in the world per year. However, production of cement diminishes
limestone reserves and requires a great consumption of energy, contributing significantly to greenhouse gas emissions.

Alccofine is manufactured through a controlled process involving calcination of kaolin clay at high temperatures to
produce metakaolin, which is then finely ground to achieve the desired particle size and reactivity. It is an ultra-fine supplemental
cementitious material with optimum particle size distribution based on slag. When incorporated into concrete, Alccofine reacts
with calcium hydroxide produced during cement hydration to form additional calcium silicate hydrate (C-S-H) and other
cementitious compounds, resulting in improved strength and durability.

Slag sand, a by-product generated in various industries, has potential for sustainable concrete production. Granulated
Blast Furnace (BF) slag can serve as a substitute for river sand in fine aggregate, presenting an ingenious solution for recycling
slag. The adoption of slag as an alternative material in concrete conserves precious natural resources and acts as a guardian of
the environment, aligning with goals of sustainability and responsible resource management.

Chepuri Jaswanthi Yoga and B. Ajitha (2022) performed experimental work on partial replacement of cement with
Metakaolin, Marble dust, and Slag sand for M40 Grade concrete with replacements at 0%, 5%, 10%, 15%, and 20%. The study
concluded that Metakaolin and Marble dust indicate early strength gaining capacity and are eco-friendly, showing greater results
than conventional concrete in long-term strength properties.

P.R. Kalyana Chakravarthy and R. Rathan Raj (2017) investigated the compressive strength of concrete with partial
replacement of cement with Alccofine at varying percentages (0% to 100%) for M25 grade. Maximum compressive strength was
found at 16% replacement, exhibiting values of 50.95% and 60.95% improvement over conventional concrete at 7 and 28 days,
respectively.

S. Kavitha and T. Felix Kala (2016) demonstrated the use of Alccofine within SCC as a strength enhancer. Their
investigation proved that Alccofine can be used as an effective strength enhancer within self-compacting concrete, with
improvement in strength properties correlating with increased Alccofine dosage.

D. Sharma, S. Sharma, and Ajay Goyal (2016) conducted an experimental investigation on strength improvement using
foundry slag and Alccofine. They concluded that reasonably high strength concrete can be achieved by substituting fine aggregate
with 10% to 45% foundry slag and replacing cement with 15% Alccofine.

M. Praneeth Kumar and B. Ajitha (2021) reported on concrete strength by substituting Metakaolin for cement in a range
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of 0% to 20% and completely replacing the fine aggregate with steel slag sand in M60 mix grade concrete. Superior outcomes
were obtained at 15% Metakaolin substitution with 100% steel slag sand as fine aggregate.

A. Materials Used

Ordinary Portland Cement (OPC) Grade 53 conforming to IS: 12269-1987 was used. Preliminary test results showed
fineness of 6.5%, standard consistency of 32%, initial setting time of 35 minutes, final setting time of 450 minutes, soundness
of 5 mm, and specific gravity of 3.11.

Coarse aggregates were used in two proportions: 20 mm and 12 mm, conforming to IS: 383-1970. The specific gravity
for 20 mm aggregate was 2.90 and for 12 mm was 2.55. Slag sand from JSW Company, India, was used as the total fine aggregate
replacement (Zone 1, specific gravity 2.58, bulking of sand 46.15%). Alccofine (specific gravity 2.86, fineness modulus 3.35,
bulk density 700 kg/m?3) was used as partial cement replacement. Conplast SP 430 DIS super plasticizer (specific gravity 1.145)
was used to maintain workability.

B. Mix Design and Proportions

The concrete mix was designed in accordance with IS 10262-2019 for M60 grade with a water-to-cement ratio of 0.35.
Five distinct mixes with Alccofine replacement at 0%, 5%, 10%, 15%, and 20% were tested. The mix proportions per m3 were:
Cement 398 kg, Slag Sand 782 kg, Coarse Aggregate 1173 kg, Water/Cement ratio 0.35, and Super Plasticizer 3.98 kg.

C. Specimen Casting and Curing

Standard cubes (150x150x150 mm) were cast for compressive strength, cylinders (150 mm dia. x 300 mm) for split
tensile strength, and beams (500x100x100 mm) for flexural strength tests. Three specimens were cast for each mix. Specimens
were demoulded after 24 hours and cured in a water tank at 27+2°C for 28, 56, and 90 days.

A. Fresh Properties of Concrete

The slump cone test results showed that the conventional concrete mix had a slump value of 112 mm. As Alccofine
replacement increased from 0% to 20%, the slump value steadily decreased from 112 mm to 100 mm (Table 1). The compaction
factor similarly decreased from 0.92 to 0.853 with increasing Alccofine content, indicating reduced workability due to the high
specific surface area of Alccofine particles.

% of Alccofine Slump (mm) Compaction Factor
0 112 0.920
5 110 0.894
10 107 0.862
15 104 0.859
20 100 0.853

Table 1: Variation of Slump and Compaction Factor
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Graph 1: Variation of Slump and Compaction Factor
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B. Compressive Strength

The compressive strength test results at 28, 56, and 90 days are presented in Table 2. The mix incorporating 15%
Alccofine with 100% slag sand surpassed all other mixtures at all curing ages. At 28 days, a compressive strength of 26.59
N/mm?2 was achieved (12.38% improvement over conventional mix of 23.66 N/mm?). At 56 days, 46.9 N/mm?2 was achieved
(20.53% improvement over 38.91 N/mm?). At 90 days, the maximum compressive strength of 71.98 N/mm? was achieved
(19.47% improvement over 60.25 N/mm2).

% of Alccofine 28 Days 56 Days 90 Days
0 23.66 38.91 60.25
5 25.68 42.51 62.99
10 25.97 43.60 68.98
15 26.59 46.90 71.98
20 22.80 38.60 66.48

Table 2: Variation of Compressive Strength (N/mm?) at 28, 56 & 90 Days

0 5 10 15 20

W28 Days E56 Days M 90 Days

80

70

60

5

o

4

o

3

o

2

o

1

o

o

Graph 2: Variation of Compressive Strength (N/mm?) at 28, 56 & 90 Days

C. Split Tensile Strength

The split tensile strength at 28, 56, and 90 days is presented in Table 3. The 15% Alccofine mix consistently outperformed
all others. At 28 days, 2.471 N/mm?2 was achieved (16.78% enhancement over conventional 2.116 N/mm?). At 56 days, 3.898
N/mm2 was recorded (11.75% enhancement). The maximum split tensile strength of 7.259 N/mm? was achieved at 90 days
(31.70% enhancement over conventional 5.512 N/mm?).

% of Alccofine 28 Days 56 Days 90 Days
0 2.116 3.488 5.512
5 2.255 3.604 5.821
10 2.272 3.681 6.231
15 2.471 3.898 7.259
20 2.182 3.409 5.499

Table 3: Variation of Split Tensile Strength (N/mm?) at 28, 56 & 90 Days
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Graph 3: Variation of Split Tensile Strength (N/mm?) at 28, 56 & 90 Days

D. Flexural Strength

The flexural strength results at 28, 56, and 90 days are presented in Table 4. The 15% Alccofine mix achieved the highest
flexural strength at all curing ages. At 28 days, 3.121 N/mm2 was achieved (29.44% enhancement over conventional 2.411
N/mm?). At 56 days, 4.981 N/mm2 was recorded (26.61% enhancement). The maximum flexural strength of 7.982 N/mm?2 was
achieved at 90 days (30.32% enhancement over conventional 6.125 N/mm?).

% of Alccofine 28 Days ‘ 56 Days 90 Days
0 2.411 3.934 6.125
5 2.519 4.117 6.475
10 2.836 4.541 6.876
15 3.121 4.981 7.982
20 2.365 3.861 6.086

Table 4: Variation of Flexural Strength (N/mm2) at 28, 56 & 90 Days
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Graph 4: Variation of Flexural Strength (N/mm2) at 28, 56 & 90 Days
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Based on experimental investigation on M60 grade concrete with slag sand as fine aggregate and Alccofine as partial

cement replacement, the following conclusions are drawn:

1.

2.
3.

Workability (slump value) decreased steadily from 112 mm at 0% Alccofine to 100 mm at 20% replacement, indicating a
reduction in fresh concrete workability with increasing Alccofine content.

The compaction factor decreased from 0.92 (0% Alccofine) to 0.853 (20% Alccofine), consistent with reduced workability.
The 15% Alccofine mix with 100% slag sand achieved the highest compressive strength of 71.98 N/mm2 at 90 days,
representing an 19.47% improvement over conventional mix.

The 15% Alccofine mix yielded the highest split tensile strength of 7.259 N/mm? at 90 days, representing a 31.70%
enhancement over the conventional mix.

The 15% Alccofine mix achieved the highest flexural strength of 7.982 N/mm?2 at 90 days, representing a 30.32%
improvement over the conventional mix.

The present study focused on the mechanical strength properties of M60 grade concrete incorporating slag sand and

Alccofine. Based on the findings, the following future research directions are identified:

1.

2.

3.

8.

9.

The scope of this research can be extended to study the durability properties of the M60 high strength concrete mix when
combined with slag sand and Alccofine, including tests for water absorption, sorptivity, and resistance to sulphate attack.
The same material replacements can be extended to higher strength concrete grades such as M70, M90, and M120 to
determine the optimum replacement percentage of slag sand and Alccofine for those mixes.

Further study can be carried out to evaluate properties such as permeability, shear strength, and Rapid Chloride Permeability
Test (RCPT) to determine the resistance of concrete to chloride ion ingress, which is critical for structures in aggressive
environments.

The long-term performance of concrete mixes incorporating slag sand and Alccofine beyond 90 days (e.g., 180 days and
365 days) can be investigated to study the continued pozzolanic reaction and its effect on strength gain.

Microstructural studies using Scanning Electron Microscopy (SEM) and X-Ray Diffraction (XRD) analysis can be
performed to understand the pozzolanic reaction mechanism between Alccofine and cement hydration products at the
microstructural level.
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