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ABSTRACT: 
This research paper presents experimental results of 

utilisation of Coal Mine Overburden as fine 

aggregate replacement in concrete and effects on 

mechanical properties of concrete. Coal mine 

overburden (CMOB), a massive byproduct generated 

from open-cast mining operations, emerges as a 

promising and sustainable alternative for partial 

replacement of fine aggregates in concrete. The 

accelerating expansion of global construction 

activities has significantly increased the demand for 

natural fine aggregates, resulting in severe riverbed 

degradation and ecological imbalance. This study 

explores the potential of utilizing CMOB, which 

consists of waste topsoil and fragmented rock strata, 

as a substitute material to promote environmentally 

responsible “green” construction practices. Concrete 

mixes were prepared with CMOB replacement levels 

of 0%, 20%, 40%, 60%, and 80% their mechanical 

properties were evaluated through compressive 

strength tests, flexural strength tests, and split tensile 

strength tests. The experimental findings clearly 

indicate that a 60% replacement level represents the 

optimal threshold for performance enhancement. At 

this level, the concrete demonstrated substantial 

improvements compared to conventional mixes, with 

compressive strength increasing by approximately 

26%, flexural strength by 31.38%, and split tensile 

strength by 35.1%. Although the 80% replacement 

level also showed better performance than the control 

mix, the rate of strength development slowed beyond 

the 60% threshold, indicating diminishing returns in 

mechanical properties. 

Therefore, 60% replacement is identified as the most 

efficient level for maximizing strength and 

sustainability. The study ultimately concludes that 

incorporating CMOB in concrete production 

effectively converts an industrial waste material into 

a valuable, high-strength resource, offering an 

environmentally sustainable and economically viable 

solution for modern infrastructure development. 
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I. INTRODUCTION: 
Concrete is one of the most widely used 

materials in the world, and a key ingredient in it is 

fine aggregate, usually river sand. However, the 

excessive use of river sand has caused serious 

environmental problems such as riverbank erosion, 

lowering of groundwater levels, and damage to 

ecosystems. Because of these issues, there is a strong 

need to find alternative materials that are both eco-

friendly and easily available. Coal Mine Overburden 

(CMOB) is the layer of rock and soil that lies above 

a coal seam and must be removed to access the coal 

during surface mining. Traditionally, this material is 

considered waste and is disposed of in massive 

external dumps, leading to significant land 

degradation. and environmental concerns. However, 

with the rising global demand for construction 

materials, there is a growing objective to repurpose 

this "waste" as a sustainable alternative to natural 

river sand, Technically CMOB defined as the 

geological material, including soil, sediment, and 

rock, that lies above a coal seam and must be 

removed to facilitate mineral extraction, overburden 

is inherently heterogeneous and poses significant 

environmental challenges, such as land degradation 

and acid mine drainage. From a scientific and 

mineralogical perspective, the constitution of CMOB 

is predominantly characterized by a complex mixture 

of sandstone, siltstone, shale, and clay minerals, often 

interspersed with trace amounts of carbonaceous 

matter. The physical nature of this material is 

governed by its stratigraphic origin and the 

mechanical methods used during excavation; it 

typically exists as a graded mix of boulders, cobbles, 

and fines. 

Biswajit Jena, Nikhil P. Zade, Pradip Sarkar, 
Swapan Kumar Karak studied the scientific merit of 
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using CMOB in concrete lies in its physical 

morphology; the angularity and rough surface texture 

of crushed overburden sandstone enhance the 

interfacial transition zone through superior 

mechanical interlocking compared to the smooth, 

rounded grains of traditional river sand. 

Anshumali Mishra, Sarat Kumar Das and 

Krishna R. Reddy explored using coal mine 

overburden (CMOB) the waste rock from mining as 

a sustainable alternative to natural river sand in 

cement mortar. As natural sand becomes scarce, eco-

friendly replacements are vital for construction. The 

authors tested CMOB’s mineral makeup and physical 

strength to see if it meets building demands. CMOB 

was found to be mineralogy more stable (55%-70% 

SiO2) and mechanically and comparable durable than 

other alternatives of natural aggregate. Results 

showed CMOB is chemically stable, strong enough 

to match traditional materials, and does not release 

dangerous chemicals, making it environmentally 

safe. Mortar made with processed CMOB showed 

similar flow and strength to standard sand-based 

mortar. 

 By integrating coal mine overburden into 

the concrete production lifecycle, the construction 

industry can significantly reduce the depletion of 

natural riverbeds and mountainous stone reserves, 

effectively bridging the gap between industrial waste 

management and high-performance structural 

engineering. This approach not only mitigates the 

footprint of mining activities but also provides a cost-

effective, scientifically sound alternative for 

infrastructure projects requiring massive volumes of 

aggregate materials. 

 

II. MATERIALS: 
The concrete for this research is produced using 

cement, coarse aggregate, water, and a combination 

of natural river sand and coal mine overburden 

(CMOB) as fine aggregate. All material properties 

were tested as per relevant IS codes.  

1. Cement- Portland Pozzolana Cement 

conforming to IS 1489 (Part-1) 2015 is used 

as the binder. Physical properties like 

consistency, specific gravity, fineness test 

are done as per IS 1489:2015. 

2. Fine Aggregates-  

a. Natural River Sand:  Locally 

available sand passing through 

4.75 mm sieves is used as fine 

aggregate. Fine aggregate acts as a 

filler in concrete to fill in the 

matrix and give compacted 

structure bound. 

b. CMOB: Sourced from Kusmunda 

Open Cast Mine, Korba. Raw 

CMOB containing sandstone, 

shale, and clay was sieved through 

4.75 mm to meet IS 383:2016. 

Specific gravity and water 

absorption were tested per IS 2386. 

3. Coarse Aggregate- A locally available 

aggregate of 20 mm and 10 mm size is used. 

The coarse aggregate occupies most of the 

volume in concrete, it also adds on to the 

strength and resistance to abrasion. 

4. Water- Potable water is used for concrete 

mix design, as it must be free from oils, 

acids, alkalis, salts, and organic impurities 

that can inhibit strength and durability. 

5. Admixture- PCE based superplasticizer (IS 

9103:1999) was used to maintain 

workability due to CMOB’s angular, porous 

nature. 

 

III. METHODOLOGY: 
 

1. Portland Pozzolanic Cement confirming to IS 

1489, with a determined specific gravity of 3.14. 

Coarse aggregates comprised crushed stones with 

nominal sizes of 10 mm and 20 mm. The 20 mm 

aggregate possessed a specific gravity of 2.81 and 

took in 0.5% water. Natural river sand 

conforming to Grading Zone-II specifications 

according to IS 383 was chosen for fine 

aggregate. This sand exhibited a specific gravity 

of 2.56 and absorbed 0.3% water. A 

superplasticizer confirming to IS 9103 was 

incorporated to achieve the necessary workability 

in the concrete mixtures. 

2. Obtained CMOB from the Kusmunda Open Cast 

Mine, Korba, Chhattisgarh, and used it as a partial 

replacement for natural fine aggregate. Lab tests 

were carried out to determine the physical 

properties of the CMOB and the natural sand. 

3. Mix Preparation - A control mix of concrete was 

prepared in the laboratory with the objective of 

achieving a target characteristic compressive 

strength of 30 MPa at 28 days of curing. This 

control batch was treated as the reference mix and 

contained 0% CMOB, using only natural river 

sand as the fine aggregate. Following the 

preparation of the control mix, four additional 

concrete mixes were developed to study the effect 

of CMOB as a partial replacement material. In 

these mixes, natural sand was systematically 

substituted with CMOB at replacement levels of 

20%, 40%, 60%, and 80% by weight of the total 

fine aggregate, while keeping all other ingredients 

and mix proportions identical to the control mix. 

4. Casting of Specimens - Specimens were cast 

following the procedure laid out in IS 1199-1959. 
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Once the concrete was thoroughly mixed, it was 

filled into the moulds in three equal layers. Each 

layer was compacted by giving 25 strokes with a 

standard tamping rod to ensure uniform 

compaction. The filled moulds were then left 

undisturbed for 24 hours at room temperature. 

Demoulding was carried out after 24 hours, and 

all specimens were immediately placed in a 

curing tank and kept submerged in water until the 

day of testing. For each mix, both conventional 

and CMOB incorporated, a total of 45 specimens 

were cast. This included 15 cubes of 150 mm × 

150 mm × 150 mm for compressive strength, 15 

cylinders of 300 mm height and 150 mm diameter 

for split tensile strength, and 15 prisms of 150 mm 

× 150 mm × 700 mm for flexural strength. All 

specimens were tested at 28 days of curing to 

determine compressive, tensile, and flexural 

strengths.  

5. Testing - The compressive strength of concrete 

was assessed using 150 mm cube specimens 

tested on a Compressive Testing Machine. For 

flexural strength, beam specimens of 150 mm × 

150 mm × 700 mm were tested under two-point 

loading in UTM to measure the concrete’s 

resistance to bending stresses. Split tensile 

strength was determined by placing cylindrical 

specimens of 150 mm diameter and 300 mm 

height in the UTM and applying compressive load 

along the diameter until splitting occurred. All 

specimens were tested after 28 days of water 

curing, and the average of three results was taken 

as the strength for each mix. The results obtained 

from mixes containing CMOB at 20%, 40%, 

60%, and 80% replacement levels were compared 

with the control mix of 0% CMOB to evaluate the 

relative change in compressive, flexural, and 

tensile performance. 

 

IV. RESULT: 
Specimens were casted for compressive, flexural, and 

split tensile strength tests in accordance with IS 

1199:1959 for compressive and flexural strength, and 

IS 5816:1999 for split tensile strength. The tests were 

conducted on concrete specimens after 28 days of 

water curing. An increasing trend in strength was 

noted with CMOB incorporation compared to the 

conventional mix. 

 

 

 

V. DISCUSSION: 
This study explored the sustainable 

utilization of Coal Mine Overburden (CMOB) from 

the Kusmunda Open Cast Mine, Korba, Chhattisgarh, 

as a partial substitute for natural river sand in 

concrete. Incorporating CMOB helps address two 

critical issues in the Korba coal belt: safe disposal of 

large volumes of mine overburden and the growing 

scarcity of river sand. Concrete mixes were prepared 

with CMOB replacing natural sand at 0%, 20%, 40%, 
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60%, and 80% by weight of fine aggregate. Standard 

cube, cylinder, and beam specimens were cast and 

water cured for 28 days under controlled laboratory 

conditions to evaluate mechanical performance 

against the control mix with 0% CMOB. 

Compressive, flexural, and split tensile strength tests 

were conducted as per relevant standards. Results 

indicated that CMOB-incorporated concrete at 28 

days showed higher compressive, split tensile, and 

flexural strength compared to conventional concrete. 

The enhanced performance is attributed to the 

angular shape and rough surface texture of CMOB 

particles, which improve mechanical interlocking 

and bond with the cement paste. All replacement 

levels from 20% to 80% performed better than the 

control mix, with strength gain observed even at 

higher dosages. The findings confirm CMOB as a 

viable and strength-enhancing alternative to natural 

sand. Its use promotes effective recycling of 

industrial waste and supports sustainable 

construction practices by reducing dependence on 

natural resources. Further, adopting CMOB in 

concrete production can lower material costs for 

projects near mining areas while contributing to 

circular economy goals in the construction sector. 

 

VI. CONCLUSION: 
This paper investigations have been carried out to 

study the properties of the coal mine overburden to 

check its suitability as fine aggregate and to analyse 

the mechanical properties of cement concrete. Based 

on the laboratory investigation, following conclusion 

can be drawn: - 

1. The preliminary physical characterization of Coal 

Mine Overburden (CMOB) revealed that its particle 

size distribution aligns with the requirements for 

Zone II fine aggregates as per standard specifications. 

2. The study identifies 60% as the optimum 

replacement level, as it consistently yields the highest 

strength values across all categories. At this peak, 

compressive strength increases by 26.16%, flexural 

strength by 35.11%, and split tensile strength by 

31.38% compared to the control mix. 3. At 80% 

replacement, the rate of growth of Compressive, 

Flexural, and Split Tensile Strength decreases, while 

these rates are lower than the rate recorded at 60% 

but remaining higher than the 0% control mix. 4. This 

alternative outperformed the control mix, reducing 

natural sand demand and boosting structural integrity. 

It enhances concrete performance, promoting 

sustainability and eco-friendly construction with 

improved durability. 
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