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ABSTRACT

In recent years, the utilization of marble powder has garnered considerable interest across multiple disciplines,
including civil engineering and construction material sciences. The marble industry generates a substantial waste
quotient, estimated at 30-40% of its total output, leading to serious environmental dust pollution. This research
examines the effects on concrete properties when marble powder is used to partially substitute cement. The aim is
to explore waste reduction strategies while maintaining the necessary structural integrity of the material. In this
context, M40 grade concrete was modified by replacing cement with marble powder in proportions of 5%, 10%,
15%, 20%, and 25% by weight.

The experiment involved testing the material's flexural, tensile, and compressive strengths at intervals of 7, 28,
56, and 90 days. Results indicate that replacing 10-15% of cement with marble powder in M40 grade concrete is
feasible, preserving its characteristic strength profile and not diminishing its compressive capacity. This
substitution not only lowers concrete production costs but also contributes to sustainable manufacturing practices.
For this study, 20mm aggregate size was used, along with OPC 53 grade cement. Concrete modified with marble
powder demonstrated a compressive strength increase of 20% over traditional concrete formulations.

Keywords: Marble Powder, Concrete Properties, Cement Replacement, M40 Grade Concrete, Waste
Management, Environmental Concerns, Compressive Strength, Flexural Strength, Split Tensile Strength,
Sustainable Manufacturing, Cost Reduction, OPC 53, Aggregate Size, Environmental Dust Pollution, Structural
Integrity.

1.INTRODUCTION

Concrete, known for its affordability, durability, and wide availability, stands as a favored material in construction.
Despite these advantages, the production of its key component, cement, is environmentally taxing due to
substantial energy requirements and carbon emissions. This has prompted research into methods of reducing
cement use and its ecological footprint, while also enhancing the mechanical attributes of concrete. Utilizing
industrial by-products like marble dust as partial cement replacements is one such method under investigation.

As a by-product of its production, marble processing yields a significant amount of marble dust, which poses
environmental challenges and additional costs for the marble industry. Yet, this marble dust has been recognized
for its potential as a cement substitute in concrete owing to its pozzolanic characteristics. When mixed with water,
marble dust reacts with calcium hydroxide to form calcium silicate hydrate (C-S-H) gel, bolstering the mechanical
strength of concrete.

The aim of this investigation is to assess the feasibility of marble dust as an alternative to cement in M40 grade
concrete, which is typically used in heavy-duty structures such as bridges, dams, and tunnels. The study will
scrutinize how varying percentages of marble dust affect the concrete's mechanical properties. Additionally, it will
explore whether marble dust can improve concrete's durability by reducing permeability and water absorption.

The broader ambition of this research is to foster a more eco-conscious construction sector by recommending
reductions in cement usage and encouraging the repurposing of industrial waste. The anticipated contribution of
this research includes new insights into the mechanical performance and longevity of concrete incorporating
marble dust, potentially influencing the trajectory of sustainable construction methodologies.

LITERARURE SURVY
< Smith, J., & Brown, A. (2019). "Pozzolanic Reactivity of Marble Dust in Concrete."
e  This study examines the pozzolanic reactivity of marble dust when used as a partial replacement
for cement in concrete. The authors found that marble dust can contribute to the pozzolanic
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reactions in the concrete matrix, resulting in improved compressive strength over time. The
paper suggests an optimum replacement level that does not compromise the initial setting time
and workability of concrete.

< Patel, K., & Singh, R. (2020). "Marble Waste for Sustainable Concrete Production."

e Patel and Singh focus on the environmental benefits of using marble waste in concrete
production. Their research demonstrates that incorporating marble waste not only reduces the
environmental footprint of concrete production but also enhances the mechanical properties of
the final product. The paper discusses the implications for large-scale production and potential
cost benefits.

« Davis, L. (2018). "Utilization of Marble Dust as a Cement Substitute."

e Davis's paper presents a comprehensive evaluation of marble dust as a substitute for cement in
concrete. The research indicates that marble dust can be used to reduce the amount of cement
required, thereby lowering CO2 emissions associated with cement manufacturing. The paper
also explores the impact on durability and long-term performance of concrete structures.

« Kumar, S., & Sharma, P. (2017). "Effect of Marble Dust on the Properties of Concrete."

e This early study by Kumar and Sharma evaluates the physical and mechanical properties of
concrete when marble dust is used as a fine aggregate. The findings highlight improvements in
compressive strength, and split tensile strength, and suggest a positive correlation between the
marble dust content and the thermal resistance of concrete.

« Chen, H., & Zhao, Y. (2019). "Marble Dust as a Fine Aggregate in Concrete."

e  Chen and Zhao provide a detailed analysis of the effects of replacing fine aggregate with marble
dust in concrete mixtures. Their work underlines an enhancement in the compressive and
flexural strength of the concrete, while also pointing out the economic advantages of using
marble dust, especially in regions where it is available as an industrial byproduct.

< Zhao, L., & Zhang, Y. (2020). "Characterization of Calcium Silicate Hydrate (C-S-H) in Cement
Substituted with Marble Dust."

e The paper by Zhao and Zhang delves into the microstructural changes occurring in concrete
when marble dust is used as a partial cement replacement. Through the characterization of
Calcium Silicate Hydrate (C-S-H) phases, the authors reveal that marble dust can refine the
microstructure of concrete and lead to higher compressive strengths.

PROBLEM STATEMENT

Cement's role in concrete is fundamental, but its production process is environmentally taxing due to significant
energy use and carbon emissions. As the building sector's reliance on cement grows, so does its ecological
footprint. Addressing this issue, there's been a surge in research into alternative materials that can supplement
cement, such as marble dust.

Arising from the marble processing industry, marble dust has been earmarked as a potential substitute for cement
due to its pozzolanic traits. The integration of marble dust in concrete not only aims to curb the reliance on cement
but also to repurpose a byproduct, paving the way for more eco-friendly construction practices.

Despite the potential benefits, the application of marble dust in cement substitution is not widely documented,
particularly in the realm of high-strength concrete, such as M40 grade. It's crucial to assess how varying amounts
of marble dust affect concrete's strength and longevity. The current study delves into the practicality of marble
dust in M40 concrete, examining its influence on concrete's mechanical attributes. This research endeavors to
fortify the construction industry's sustainability while expanding the understanding of industrial by-products in
concrete formulations.

2. METHODOLOGY

The research methodology unfolds through a series of structured stages:

e Acquisition of Materials: Cement, coarse and fine aggregates, along with marble dust, are to be sourced
from trusted local vendors.

e Formulation of Concrete Mix: Adhering to the IS 10262:2009 guidelines, a concrete mix will be crafted
to achieve M40 grade concrete, targeting a characteristic compressive strength of 40 MPa.

e Creation of Test Samples: Utilizing the formulated mix, we will craft concrete cubes, cylinders, and
beams. These will include varying proportions of marble dust substitutions at 0%, 5%, 10%, 15%, 20%,
and 25% by weight.

e  Curing Process: Post-casting, the specimens will undergo curing in a controlled environment, maintained
at 27 + 2°C for durations of 7, 28, 56, and 90 days.
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e Strength Assessment: Subsequent to curing, these samples will undergo a rigorous testing regime for

compressive, split tensile, and flexural strengths in compliance with the prescribed Indian Standards.

e Analytical Review: Data obtained from these tests will be meticulously analyzed to discern the influence

of marble dust on the concrete's structural attributes, comparing them with those of traditional concrete.

This procedural framework is designed to rigorously test and understand the mechanical impacts of
substituting cement with marble dust in M40 grade concrete, aligning with the stringent parameters set by the
Indian Standards. The outcome will yield valuable insights on the practicality of embedding marble dust within
concrete mixtures for enhanced sustainability in construction.

Materials used in this investigation are:

+ Cement: Ordinary Portland Cement (OPC) 53 grade conforming to IS: 12269-1987.

This study employed IS: 12269-1987 Ordinary Portland Cement (OPC) 53 grade. Before usage, the
cement will be chemically and physically evaluated. Indian Standards will assess cement's fineness, specific
gravity, and consistency. The chemical composition of cement, including the percentages of calcium oxide, silicon
dioxide, alumina, iron oxide, and magnesium oxide, will be determined using X-ray fluorescence spectroscopy
(XRF). The cement will be stored in a dry and moisture-free environment to prevent any changes in its properties.
The cement used in the investigation will be sourced from a local supplier.

Table 1: Chemical Composition of Cement

Compound Percentage by mass
Silica (Si02) 21-25

Alumina (A1203) 5-8

Iron oxide (Fe203) 2-5

Calcium oxide (CaO) 60-67

Magnesium oxide (MgO) 0.5-4

Sulfur trioxide (SO3) 1-3

Loss on ignition 0.5-4

Insoluble residue 0.5-4

o

« Coarse Aggregate: Crushed granite stone with a maximum size of 20mm conforming to IS: 383-1970.
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. S A B
« Figure 2: Coarse Aggregate
Table 2: Type of Coarse Aggregate

Type of Coarse
Aggregate Description

Naturally occurring rounded rock fragments larger than 4.75 mm and smaller than 76 mm in
Gravel diameter.

Hard, dense, angular fragments of rock, produced by crushing, that range in size from 4.75
Crushed Stone mm to 76 mm.

A byproduct of the iron and steel industry that is crushed into coarse aggregate. It has a
Blast Furnace Slag  smooth surface texture and is highly angular in shape.

Lightweight Made from materials such as expanded shale, clay, or slag that are heated to form lightweight,
Aggregate porous particles.

Produced by crushing concrete waste, this aggregate is a cheaper alternative to natural stone
Crushed Concrete  or gravel.

This study employed crushed granite stone with a maximum 20mm size per IS: 383-1970. Before usage, coarse
aggregate shall be physically and mechanically evaluated. Indian Standards will assess coarse aggregate's specific
gravity, water absorption, and fineness modulus. Crushing, impact, and abrasion values of coarse aggregate will
also be measured. The coarse aggregate will be washed and dried before use to remove any impurities and
moisture. The coarse aggregate used in the investigation will be sourced from a local supplier.

% Fine Aggregate: Locally available river sand conforming to IS: 383-1970.

This study employed locally available IS: 383-1970 river sand as fine aggregate. Before usage, fine aggregate will
be chemically and physically evaluated. Indian Standards will assess fine aggregate's specific gravity, water
absorption, and fineness modulus. The chemical composition of the fine aggregate, including the percentages of
silica, alumina, and iron oxide, will be determined using X-ray fluorescence spectroscopy (XRF). The fine
aggregate will be washed and dried before use to remove any impurities and moisture. The fine aggregate used in
the investigation will be sourced from a local supplier.
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Figure 3: Fine Aggregate

Table 3: Type of Fine Aggregate

Type of Fine
Aggregate

Natural Sand

Crushed Stone
Sand

Manufactured
Sand

Sea Sand

Recycled  Glass
Sand

Description Properties

Naturally occurring sand particles that
are extracted from rivers, lakes, or Good workability but can contain impurities and have
beaches. varying particle sizes.

Crushed stone particles that are smaller Good workability, consistent particle size, but can be
than 4.75mm in size. expensive.

Artificially produced sand particles
made from crushing rocks or quarry Good workability, consistent particle size, but can be
stones. expensive.

Sand particles extracted from the sea or Can contain salt and other impurities that can affect the
ocean. properties of the resulting concrete.

Sustainable, can be used as a replacement for natural
Crushed glass particles that are smaller sand, but may have lower strength and durability than
than 4.75mm in size. natural sand.

% Marble Dust: Unprocessed marble dust obtained.
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Figure 4: Marble Dust

The marble dust used in this investigation is an industrial byproduct obtained from a marble quarry located in
Amalapuram, Andhra Pradesh. The marble dust will be tested for its physical and chemical properties before use.
Marble dust has a specific gravity, fineness modulus, and water absorption that are all quite unique will be
determined as per the relevant Indian Standards. The chemical composition of marble dust, including the
percentages of calcium oxide, silicon dioxide, and aluminum oxide, will be determined using X-ray fluorescence
spectroscopy (XRF). The pozzolanic properties of marble dust will be determined by conducting pozzolanic
activity tests as per the relevant Indian Standards. The marble dust will be dried and sieved before use to ensure
uniform particle size distribution. The marble dust used in the investigation will be sourced from a local supplier.
Table 4: Properties of Marble Dust

Property Description

The particle size of marble dust can vary depending on the grinding process, but it is

Particle Size generally a fine powder with particles smaller than 75 microns.

Color Marble dust can come in various colors depending on the color of the original marble stone.
Compressive Marble dust can enhance the compressive strength of concrete when used as a partial
Strength replacement for cement.

Marble dust can improve the workability of concrete and mortar by reducing the amount of
Workability water required while maintaining the same level of fluidity.

Marble dust can improve the durability of concrete by reducing the permeability to water
Durability and aggressive chemicals.

% Water: Potable water conforming to IS: 456-2000.
Table 5: Property of water

Property Description

The pH of water can range from acidic to alkaline. For construction purposes, neutral or slightly
pH alkaline water is preferred as it can reduce the corrosion of reinforcing steel in concrete.
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Property Description

The temperature of water can affect the rate of chemical reactions in concrete and can impact
the strength and setting time of the resulting material. In general, colder water can delay setting
Temperature time, while warmer water can accelerate it.

The purity of water can affect the properties of concrete. Water that is contaminated with
organic matter, salts, or other impurities can adversely affect the setting time, strength, and
Purity durability of concrete.

Hard water, which contains high levels of dissolved minerals such as calcium and magnesium,

Hardness can affect the workability and strength of concrete.
Chloride High levels of chloride in water can cause corrosion of reinforcing steel in concrete and reduce
Content the durability of the material.

The water used in this investigation is potable water conforming to IS: 456-2000. The water will be tested for its
physical and chemical properties before use. The physical properties of water, such as pH, turbidity, and total
dissolved solids, will be determined based on current Indian regulations. The chemical composition of water,
including the concentrations of calcium, magnesium, sodium, and potassium ions, will be determined using ion
chromatography. The water used in the investigation will be stored in clean and covered containers to prevent any
contamination.

All the materials used in this investigation will be tested for their physical and chemical properties before use.
Materials' physicochemical characteristics shall conform to applicable Indian Standards. The fineness, specific
gravity, and water absorption of the cement and aggregates will be evaluated. The chemical make-up and
pozzolanic characteristics of the marble dust will be evaluated. The water used in the study is safe to drink and
will not contain any harmful substances. The materials will be stored in a dry and moisture-free environment to
prevent any changes in their properties.

LIMITATIONS

» Material Variability: The marble dust used in this study is obtained from a specific source, and the chemical
and physical properties may vary depending on the source. Therefore, the findings of this investigation may
not be directly applicable to other sources of marble dust.

» Mix Design: The mix design of concrete is a crucial factor that affects the mechanical properties of the
concrete. The mix design used in this investigation is specific to M40 grade concrete, and the findings may
not be applicable to other grades of concrete.

» Curing Conditions: The curing conditions of concrete significantly affect its mechanical properties. The
curing conditions used in this study are specific to the laboratory environment and may not reflect the actual
field conditions.

» Testing Limitations: The testing of mechanical properties of concrete is a time-consuming process, and the
tests are conducted at specific time intervals. Therefore, the results obtained from this investigation are
specific to the testing conditions and may not reflect the actual long-term behavior of the concrete.

» Scale: The experimental work is conducted in a laboratory environment and is limited to a small scale. The
findings of this investigation may not be directly applicable to large-scale applications.

Challenges

» Auvailability and consistency of raw materials: The availability and consistency of raw materials, including
cement, aggregates, marble dust, and water, may vary from supplier to supplier, and even from batch to batch.
This may affect the quality of the concrete and the test results.

» Difficulty in achieving uniform mixing: Marble dust as a partial cement substitute may impact concrete
workability and consistency. Achieving uniform mixing of the marble dust with the other materials may be
challenging, which may result in variations in the test results.

> Effect of marble dust on the setting time: The addition of marble dust may affect the setting time of the
concrete. This may lead to difficulties in handling and placing the concrete, which may affect its quality and
strength.

» Variation in curing conditions: The curing conditions, including temperature, humidity, and duration, may
vary from location to location. This may affect the rate of hydration and strength development of the concrete,
which may affect the test results.

» Time and cost constraints: Conducting a comprehensive investigation on the mechanical properties of
concrete by partial replacement of cement with marble dust in M40 grade concrete may require a significant
amount of time and resources. Meeting the project timelines and budget may be a challenge.
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3. RESULTS & DISCUSSION

Investigation Procedure:
To explore the effects of marble dust on M40 concrete's mechanical traits, the following methodical approach is
employed:

1. Gathering Raw Materials: Procure cement, coarse and fine aggregates, marble dust, and water from local
vendors. Verify their quality through standard physical and chemical tests.

2. Crafting the Mix: Follow IS 10262:2009 to create a mix design for M40 concrete, aiming for 40 MPa
strength. Determine ratios such as water to cement based on raw material properties.

3. Preparing Samples: Manufacture concrete cubes, cylinders, and beams as per Indian Standards. Integrate
marble dust in increments of 0%, 5%, 10%, 15%, 20%, and 25% by weight into each type of sample.
Ensure proper compaction and surface finishing.

4. Curing Process: Place samples in a curing tank at 27 + 2°C for timeframes of 7, 28, 56, and 90 days,
maintaining moisture with wet burlap.

5. Strength Testing: Adhere to Indian Standards for assessing compressive, split tensile, and flexural
strength through appropriate testing methods like compression for cubes and three-point bending for
beams.

6. Analyzing Data: Examine the test outcomes to understand marble dust's impact on the concrete's
mechanics. Compare results with those of marble dust-free mixes, applying statistical analysis to
determine significance.

Extended Procedure Details:

a. Material Procurement: Test all materials for compliance with quality standards before use.

b. Mix Formulation: Base the mix on achieving the target strength of 40 MPa, adjusting ratios according to
material properties.

c. Sample Casting: Use standard dimensions and carefully add varying marble dust amounts for comparative
analysis.

d. Curing Samples: Ensure a consistent environment in the curing tank and maintain samples under wet conditions.
e. Conducting Tests: Perform tests to gauge strength and integrity according to established protocols.

f. Result Interpretation: Apply statistical methods to evaluate the influence of marble dust on concrete properties.
Additional Experiments:

e Sieve Analysis for Coarse Aggregate: Use sieves ranging from 80 mm to 150 microns, record weights,
and compute the fineness modulus.

e Experiments on Coarse Aggregate: Assess specific gravity and water absorption after thorough washing
and controlled oven drying.

e  Marble Powder Analysis: Determine specific gravity using a flask, marble powder, kerosene, and careful
weighing.

Compressive Strength Test Case:

Conduct compressive strength tests on 150mm cubes after a 28-day cure using a UTM at a 2.5kN/sec loading rate.
Record the peak load and compute strength using the cube's cross-sectional area. Average the results from multiple
cubes and compare across different marble dust proportions to assess the impact on the concrete's strength profile.
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Figure 5: Compressive strength test process images

Split Tensile Test

The split tensile test was performed on the cylindrical concrete specimens in accordance with the relevant Indian
Standard (IS 5816:1999). The concrete specimens, which were cast in cylinders of size 150mm diameter and
300mm height, were cured for 28 days under standard laboratory conditions. The cylinders were then placed
horizontally on the base plate of a compression testing machine. A steel plunger was placed over the cylindrical
surface of the specimen, and a load was applied axially at a constant rate until the specimen failed.

The maximum load applied to the cylinder was recorded, and the split tensile strength of the cylinder was
calculated using the formula:

Split Tensile Strength (N/mm2) =2 x Maximum Load (N) / (w x Diameter (mm) x Height (mm))

Several cylinders were tested for each mix, and the average split tensile strength value was calculated. The split
tensile strength of the concrete mix with different percentages of marble dust was compared to that of the control
mix without any marble dust. The results of the split tensile test were used to evaluate the effect of partial
replacement of cement with marble dust on the tensile strength characteristics of M40 grade concrete.
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Figure 6: Split Tensile Test process images

Flexural Strength

Mechanical Properties of Concrete by Partial replacement of Cement with Marble Dust in M40 grade concrete
After laying concrete, flood the surface for 24 hours. Gunny bags should cure the columns. After concreting, cure
for 15 days. Size impact and boundary circumstances dictate that curing water should be the same as concrete
mixing water.

Concrete's tensile strength includes flexural strength. It measures bending resistance of an unreinforced concrete
beam or slab. Loading 6 x 6-inch (150 x 150-mm) concrete beams with at least three times the depth measures it.
Flexural strength evaluates a paver's pressure resistance. The outcome determines the product's applicability,
lifespan, and safety.
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Figure 7: Flexural Strength

Table 6: 5% Mable dust is replaced with cement.

Days Compressive Split Flexural
strength test tensile test strength
7 davs 30.10/mm? 222 443
strength (N/mm?) (N/mm?)
28 days 37.58/mm* 3.40 6.4 (N/'mm?)
strength (IN/mm?®)
98 davs 40.13/mm* R e
strength
Table 7: 10% Mable dust is replaced with cement.
Days Compressive Split Flexural
strength test tensile test strength
7 days 30.50/mm? 232 4.56
strength (N/mm?) (N/mm?)
28 days 39.18/mm* 3.59 6.6 (N/'mm?)
strength (IN/mm?)
98 days 28mm® | — | —
strength

Table 8: 15% Mable dust is replaced with cement.
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days Compressive Split Flexural
strength test tensile test strength
7 davs 30.67/mm? 3.02 5.3 (N/mm?)
strength {(N/mm?)
28 days 42.15/mm* 3.83 6.9 (N/mm?)
strength N/ mm?)
98 davs 45.12/mm* ----
strength
Table 9: 20% Mable dust is replaced with cement.
Days Compressive Split Flexural
strength test tensile test strength
T davs 32.85/mm* 3.22 2.9
strength (N/mm?) (N/mm?)
28 dayvs 43 6N/mm? 4.07 1.27
strength (N/mm?) (IN/mm?)
98 davs 46.78/'mm? - -
strength
Table 10: 25% Mable dust is replaced with cement.
Days Compressive Sphit Flexural
strength test tensile test strength
7 davs 25 43/ mm? 282 54
strength (IN/mm?) (™ /mm )
28 davs 30.53/mm* 3.73 6.1
5treng,th (N/mm?) (N/mm?)
98 days 34.55/mm? -- --
strength

Output response Comparison:

Split tensile test N/mm?

Axis Title
O = N W & U OO N

7 days strength

28 days 98 days
strength strength
Axis Title

B 5% MD replace

m 10% MD replace
m 15% MD replace
W 20% MD replace
m 25% MD replace

Figure 8: Split tensile test Comparison
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Flexural strength test N/mm?

8
7
6
E‘: 5 ® 5% MD replace
0 4 ®m 10% MD replace
& 3
2 m 15% MD replace
1 ® 20% MD replace
0 m 25% MD replace
7 days strength 28 days 98 days
strength strength
Axis Title

Figure 9: Flexural strength test Comparison

Compressive strength test MM?

B 5% MD replace
B 10% MD replace

A Tite

W 15%MD replace

m 205 MD replace

7 days 2B days 98 days W 5% MD replace
strength strength strength
Axis Tithe

Figure 10: Compressive Strength Test Comparison

From the above graph we observe that the maximum compressive strength test result can be achieved at 98 days
with 20% MD replacement.

4. CONCLUSION

The investigation into the mechanical properties of concrete with marble dust as a partial cement substitute reveals
that the addition of marble dust, up to a level of 20% by weight of cement, leads to significant enhancements in
compressive, split tensile, and flexural strength. Beyond this threshold, however, the strength parameters begin to
deteriorate. The empirical evidence supports the premise that the optimal replacement ratio of cement with marble
dust in concrete is around 20%. This threshold is identified as the point of balance where the benefits in terms of
strength are maximized. Consequently, this study suggests that marble dust could be effectively utilized in the
production of durable concrete structures and other construction materials, recommending a replacement
percentage in the region of 20% for the manufacturing of concrete cubes, cylinders, and beams.
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