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Concrete is the most widely consumed construction material after water. Increasing environmental concerns related to greenhouse
gas emissions from the cement industry necessitate the use of waste products and alternative minerals as partial cement replacements. This
study investigates the strength properties of M30 grade self-curing concrete using Magnetite (Fe304) as a partial replacement for Ordinary
Portland Cement (OPC) at 5% and 7.5% by weight, combined with Super Absorbent Polymer (SAP) — sodium polyacrylate (0.25% by weight
of cement) — as an internal self-curing agent. Compressive strength, split tensile strength, and flexural strength tests were conducted on cube
and cylinder specimens at 7 and 28 days. Results show that 7.5% Fe304 replacement achieves the highest compressive strength, while 5%
Fe304 with 0.25% SAP yields superior long-term flexural performance. The SAP effectively retained internal moisture, reducing bleeding and
segregation, and improving workability.

OPC concrete; Magnetite powder (Fe304); self-curing concrete; super absorbent polymer; sodium polyacrylate; compressive
strength; split tensile strength; flexural strength; M30 grade; high-density concrete.

Concrete is the most widely used construction material globally, second only to water in consumption. The rampant use
of natural resources for cement production has led to significant emissions of greenhouse gases — particularly CO2 — creating an
obligation to explore alternative and supplementary cementitious materials. The Mangampet deposit in the Cuddapah district of
Andhra Pradesh represents the single largest barytes deposit in the world, making India one of the leading producers and exporters
of barytes. Magnetite (Fe304), derived from this deposit, possesses unique physical and chemical properties including high
specific gravity (~4.5), heaviness, and magnetic neutrality, making it suitable as a dense aggregate and partial cement
replacement [1].

Magnetite is used as an aggregate in concrete or mortar to increase density and for radiological protection through
absorption or diffraction of radiation, finding applications in nuclear power stations, particle accelerators, research reactors, and
medical facilities [2]. Despite these beneficial properties, the ACI indicates that Magnetite presents a highly crystalline structure,
making it a friable material prone to fragmentation under abrasion or external forces, which may negatively impact mechanical
properties [3].

Curing is one of the most critical factors determining the strength and durability of concrete. Conventional water curing
is often difficult to sustain in field conditions, especially in water-scarce regions. The ACI-308 Guide defines self-curing as the
process of providing internal water from the mixing water for cement hydration [4]. Super Absorbent Polymers (SAPs) such as
sodium polyacrylate can absorb 200-300 times their mass in water, releasing it slowly during cement hydration to serve as an
effective internal curing agent [5].

This study aims to determine the compressive strength, split tensile strength, and flexural strength of self-curing concrete
by partial replacement of cement with Magnetite powder at 5% and 7.5%, combined with sodium polyacrylate (SAP) at 0.25%
as the self-curing agent.

P. Meenakshi [8] studied partial replacement of cement with barite and lime powder in concrete. The initial strength of
concrete was gained, but later it decreased than the initial strength, concluding that replacement with barite alone showed better
results than combined barite and lime replacement.

M.A. Gonzélez-Ortega, S.H.P. Cavalaro, and A. Aguado [10] reported that concrete with barite showed greater
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workability than equivalent mixes with limestone aggregate and EAF slag, attributed to the low absorption and low water -
adsorption capacity of barite.

Bhruguli Gandhi [7] reviewed the use of barite powder in concrete, finding that up to 20% barite as aggregate (with
cement content 400-450 kg/m3 and w/c ratio 0.35-0.40) improves compressive strength, flexural strength, splitting tensile
strength, and modulus of elasticity. Up to 2% nano-Magnetite in cement improves hydration and compressive strength.

C. Navya Kiran and Dr. S.M.V. Narayana [6] investigated the effect of baryte powder on M30 concrete at 2.5%, 5%,
7.5%, and 10% replacement levels, concluding that compressive strength increases up to 7.5% replacement. Split tensile strength
also improved up to 7.5%, and OPC replaced by barytes up to 7.5% showed resistance to water permeability.

Syed Nisar Ahammed and K. Chandrakala conducted an experimental study on self-curing concrete with SAP and
recycled aggregate. Results showed that the optimum SAP dosage for M20 was 1.5%, with higher dosages leading to strength
decrease. Compressive strength with 0.5%—2% SAP dosage was higher compared to conventionally cured concrete.

Rajeswari S. Unnithan and Sarah Anil [11] reviewed self-curing concrete, emphasising the role of SAPs and PEGs as
internal curing agents capable of significantly reducing plastic shrinkage and improving long-term strength development.

Tanvir Manzur et al. [12] studied the efficiency of sodium polyacrylate to improve durability of concrete under adverse
curing conditions, confirming significant improvements in permeability and durability parameters at optimal dosages.

3.1 Cement
Ordinary Portland Cement (OPC) 53 grade, Zuari brand, conforming to 1S 12269-2013, was used throughout the
investigation. The properties are presented in Table 1.

S.No. Property Value
1 Specific gravity 3.04
2 Normal consistency 34%
3 Initial setting time 30 minutes
4 Final setting time 600 minutes
5 Compressive strength — 7 days 35.67 MPa
6 Compressive strength — 28 days 47.25 MPa

Table 1: Properties of OPC 53 Grade Cement

3.2 Fine Aggregate
Locally procured river sand conforming to 1S 383-1970 Zone Il was used as fine aggregate, passing through a 4.75 mm
sieve. Specific gravity: 2.65; Fineness Modulus: 3.237.

3.3 Coarse Aggregate
Machine-crushed granite of 20 mm nominal maximum size conforming to 1S 383-1970 was used. Properties are given in
Table 2.

S.No. Property Value
1 Specific gravity 2.70
2 Fineness modulus 6.84
3 Water absorption 0.5%
4 Crushing value 21%
5 Impact value 23%

Table 2: Properties of Course Aggregate (20 mm)

3.4 Magnetite (Fe304)

Magnetite powder sourced from the Mangampet barytes mining region in Cuddapah district, Andhra Pradesh, was used
as a partial replacement for cement. It has a specific gravity of approximately 5.2, is chemically inert, has low oil absorption
capacity and low solubility, and acts as a good absorber of X-ray and gamma radiation. Properties are given in Table 3.

S.No. Property Value
1 Chemical formula Fe304
2 Specific gravity ~5.2
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3 Color Black / dark grey
4 Nature Chemically inert
5 Solubility Low

Table 3: Properties of Magnetite (Fe304)

3.5 Super Absorbent Polymer — Sodium Polyacrylate

Sodium polyacrylate (NaPA), chemical formula [-CH2—CH(CO2Na)—]n, is an anionic polyelectrolyte SAP with a
specific gravity of 1.22 g/cm3. It has the ability to absorb 200300 times its mass in water through osmosis, providing sustained
internal curing to concrete. It is non-toxic, non-corrosive, and forms a transparent gel upon absorbing water. SAP was added at
0.25% by weight of cement [5].

3.6 Water

Potable water free from organic impurities and conforming to 1S 456-2000 was used for mixing and conventional curing.

M30 grade concrete was designed as per IS 10262-2009 with a target mean strength of 38.25 MPa (standard deviation =
5 N/mm2 for good quality control). The mix proportions for the trial mixes are given in Table 4.

Mix Cement (kg/m3) Fine Agg. (kg/m3) Coarse Agg. (kg/m3) | WI/C Ratio

Nominal Mix 368 628 1190 0.45

5% Fe304 350 + 18.4 628 1190 0.45

7.5% Fe304 341+ 27.6 628 1190 0.45

5% Fe304 + 0.25% 350 + 18.4 628 1190 0.45
SAP

7.5% Fe5;04 +0.25% 341+ 27.6 628 1190 0.45
AP

Table 4: Mix Proportions for M30 Grade Concrete

Standard 150 mm cube specimens were cast for compressive and water absorption tests, while 150 mm diameter x 300
mm cylinders were cast for split tensile and flexural strength tests. The following specimen types were prepared: (i) Nominal
mix (control), (ii) 5% Fe304 replacement, (iii) 7.5% Fe304 replacement, (iv) 5% Fe304 + 0.25% SAP (self-curing), and (V)
7.5% Fe304 + 0.25% SAP (self-curing).

For externally cured specimens, standard water curing was followed for 7 and 28 days per IS 516-1965. Self-curing
specimens contained SAP as an internal curing agent without external water application after initial 24-hour demoulding. Slump
cone tests were performed to assess workability before casting, as per 1S 1199-19509.

6.1 Compressive Strength
Compressive strength was evaluated on 150 mm cubes at 7 and 28 days using a compression testing machine. Results are
summarised in Table 5

Mix Type 7 Days (MPa) 28 Days (MPa) % Change vs % Change vs
Nominal (7d) Nominal (28d)
Nominal Mix (Control) 25.90 38.50 - -
5% Fe304 26.60 39.80 +2.70% +3.38%
7.5% Fe304 27.14 40.34 +4.78% +4.78%
5% Fe304 + 0.25% SAP 23.50 36.20 -9.27% -5.97%
7.5% Fe304 + 0.25% SAP 22.85 35.10 -11.78% -8.83%

Table 5: Compressive Strength of Different Mix Proportions (N/mm2)
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Graph 1: Compressive Strength of Different Mix Proportions (N/mm2)

The 7.5% Fe304 mix achieved the highest compressive strength, with a 4.78% improvement over the nominal mix at
both 7 and 28 days. Mixes containing SAP showed lower early-age strength but are expected to continue gaining strength at later
ages due to sustained internal curing.

6.2 Split Tensile Strength
Split tensile strength was evaluated on cylinders (150 mm dia x 300 mm) at 7 and 28 days. Results are given in Table 6.

Mix Type 7 Days (MPa) 28 Days (MPa)
Nominal Mix 2.45 3.57
5% Fe304 2.56 3.67
7.5% Fe304 2.62 3.72
5% Fe304 + 0.25% SAP 2.38 3.42
7.5% Fe304 + 0.25% SAP 2.35 3.38

Table 6: Split Tensile Strength of Different Mix Proportions (N/mm2)
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Graph 2: Split Tensile Strength of Different Mix Proportions (N/mm2)

The tensile strength was increased by approximately 2.8% at 5% Fe304 concrete compared to nominal mix concrete. The
high-density concrete M30 grade shows relatively lower tensile strength with Magnetite at higher replacement levels, confirming
that Magnetite powder is more beneficial for compressive applications.

6.3 Flexural Strength
Flexural strength was determined on 150 mm diameter x 300 mm cylinders at 7 and 28 days. Results are tabulated in Table 7.

Mix Type 7 Days (MPa) 28 Days (MPa)
Nominal Mix 12.30 21.99

5% Fe304 12.82 22.77
7.5% Fe304 11.32 21.72
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5% Fe304 + 0.25% SAP 7.73 16.66
7.5% Fe304 + 0.25% SAP 8.75 18.57

Table 7: Flexural Strength of Different Mix Proportions (N/mmz2)
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0.25% SAP 0.25% SAP
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Graph 3: Flexural Strength of Different Mix Proportions (N/mmz2)

The 5% Fe304 mix showed the best flexural performance, improving by approximately 3.55% over the nominal mix at
28 days. The SAP-containing mixes showed lower early-age flexural strength but demonstrated increasing strength trends at
later ages.

6.4 Slump Test Results
Workability was assessed using the slump cone test. Results are given in Table 8.

Mix Type Slump Value (mm)
Nominal Mix 85
5% Fe304 82
7.5% Fe304 75
5% Fe304 + 0.25% SAP 73.5
7.5% Fe304 + 0.25% SAP 73

Table 8: Slump Cone Test Results
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Graph 4: Slump Cone Test Results

All mixes exhibited slump values within the acceptable range for M30 grade concrete. Mixes containing SAP exhibited
marginally reduced slump due to the water absorption characteristic of the polymer, but remained workable.

6.5 Water Absorption Results
Water absorption tests at 28 days revealed that the addition of Magnetite powder reduces water absorption, as shown in Table 9.
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Mix Type Water Absorption (%) — 28 days
Nominal Mix 2.00

5% Fe304 1.80
7.5% Fe304 1.75

Table 9: Water Absorption Test Results at 28 Days

M30 concrete with 7.5% Fe304 replacement showed the lowest water absorption (1.75%), indicating improved

impermeability and durability due to the dense particle packing effect of the heavy Magnetite powder.

Based on the experimental investigation on M30 grade self-curing concrete with partial cement replacement by Magnetite

(Fe304) and sodium polyacrylate (SAP), the following conclusions are drawn:

1.

arwn

10.

The compressive strength increased by 4.78% at 7.5% Fe304 concrete replacement compared to nominal mix concrete at all
test ages.

The split tensile strength was increased by 2.8% at 5% Fe304 concrete compared to the nominal mix.

The flexural strength was highest for 5% Fe304 concrete, showing marginal improvement over nominal mix concrete.
Concrete with Magnetite powder at 7.5% replacement achieves higher compressive strength than 5% replacement.

The effect of SAP (sodium polyacrylate) in Magnetite concrete shows lower strength at initial days but increasing strength
at later ages due to sustained internal curing.

Water absorption at 28 days decreased with increasing Fe304 content, with 7.5% replacement achieving the lowest value
(1.75%), indicating superior durability.

Sodium polyacrylate effectively reduced bleeding and segregation during preparation and improved water retention, making
it a viable self-curing agent for practical applications.
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