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1. Introduction 

One of the most widely utilised building materials in the world, 

concrete is necessary for the construction of transportation 

networks like roads, bridges, and airports, as well as 

infrastructure like residential, commercial, and industrial 

buildings (Adewale & Ogunleye, 2020). Its strength, 

resilience, and adaptability in design are the reasons for its 

extensive use (Ugwuanyi & Mmonwuba, (2019). Cement, 

water, fine and coarse aggregates, and occasionally chemical 

admixtures make up the composite material known as 

concrete. The workability, compressive strength, and general 

performance of concrete are all significantly impacted by fine 

aggregate, one of these components (Umar & Gambo, 2021). 
 

                                                   
This work is published open access under the Creative Commons Attribution License 4.0, which permits free reuse, remix, redistribution and transformation provided due credit is given 

Natural river sand has long been utilised as the main fine 

aggregate in the creation of concrete because of its well-graded 

composition and the angularity of its particles, which improve 

the concrete's mechanical qualities and workability (Adebayo 

& Adeola, 2019). But excessive sand mining has resulted in 

serious environmental damage due to the growing demand for 

building materials brought on by fast urbanisation and 

infrastructure growth. Riverbank erosion, aquatic habitat loss, 

and groundwater resource depletion are all consequences of 
unchecked river sand extraction (Ugwuanyi et al 2018). 

Furthermore, sand mining has disturbed biodiversity and had 

a detrimental effect on nearby ecosystems (Chukwu & 

Nwachukwu, 2018).In order to efficiently replace natural sand 

as a fine aggregate in concrete without sacrificing quality, 

researchers and construction engineers are looking for 
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substitute materials due to environmental problems around 

sand mining (Oluwole & Adeyemi, 2017). Among the other 

options investigated, stone dust—a byproduct of the crushing 

of stones—has drawn interest as a potential replacement for 

natural sand. The mechanical crushing of rocks produces a lot 

of stone dust, which is frequently considered a waste product 

(Mahmood, Lawal, & Ogunleye, 2020). According to 

Adebayo and Chukwu (2020), using stone dust offers a 

sustainable way to manage the trash produced by quarrying 

activities in addition to addressing the environmental problems 

related to sand mining. 

 

In comparison to natural sand, stone dust has a finer particle 
size distribution, which improves the packing density in the 

concrete matrix (Mmonwuba, 2018). In addition to improving 

the binding between the cement paste and the aggregate, this 

lowers the void ratio and increases durability and compressive 

strength (Mahmood et al., 2020). One important factor that 

affects concrete's ability to support loads is its compressive 

strength. Numerous studies have shown that adding stone dust 

in place of natural sand can enhance concrete's mechanical 

qualities, especially its early-age strength (Oluwole & 

Adeyemi, 2017). In contrast to concrete manufactured with 

natural sand, Adebayo and Adeola (2019) discovered that 

concrete made with stone dust had greater compressive 

strength at both the early and later curing stages. This was 

explained by the finer stone dust particles, which improved 

concrete mix packing and decreased microcracking as the 

mixture hydrated. 

 
However, the source and the crushing procedure can affect the 

quality of stone dust. The performance of concrete can be 

affected by variables such as the moisture level, the source 

rock's mineralogical makeup, and the distribution of stone dust 

particle sizes (Chukwu & Nwachukwu, 2018). For example, 

excessively fine-particle stone dust can lead to shrinkage and 

cracking during curing, while high-clay stone dust might make 

the concrete mix less workable and have a detrimental effect 

on its compressive strength (Oluwole & Adeyemi, 2017). 

Therefore, before using stone dust to substitute natural sand in 

the manufacturing of concrete, it is crucial to carefully assess 

its physical and chemical characteristics (Uche & Adebisi, 

2020). 

 

In Nigeria, areas such as Abakaliki in Ebonyi State and 

Nkwelle in Anambra State are well-known for their intensive 

stone quarrying operations. The usage of stone dust generated 
in these areas as a fine aggregate in regional building projects 

is growing (Eze et al., 2021). Comparing the performance and 

mechanical characteristics of concrete created with stone dust 

from various locations hasn't been thoroughly studied, though. 

Significant changes in the characteristics of the stone dust may 

arise from regional geological variables, which could have an 

impact on the concrete's durability, workability, and 

compressive strength (Mahmood et al., 2020). Therefore, 

more study is required to comprehend how diverse sources of 

stone dust affect the performance of concrete under varied 

loading scenarios. 

In order to fill the existing knowledge vacuum, this study will 

assess the compressive strength of concrete that has been 

created with stone dust from Nkwelle and Abakaliki. The 

principal aim is to discover the source of stone dust that yields 

concrete with exceptional mechanical qualities and evaluate its 

appropriateness for use in building. The performance of 

concrete made with alternative fine aggregates will be better 

understood thanks to this research's thorough evaluation of the 

stone dust's physical characteristics, such as moisture content 

and particle size distribution, as well as its chemical 

characteristics, such as mineral composition (Oluwole & 

Adeyemi, 2017). 

 

Additionally, the economic and environmental advantages of 

employing stone dust in the manufacture of concrete will be 

investigated in this study (Agunwamba & Mmonwuba, 2021). 

When natural sand is substituted with stone dust, the adverse 
environmental effects of sand mining, including habitat loss, 

groundwater depletion, and riverbank erosion, can be lessened 

(Adebayo & Chukwu, 2020). Stone dust is also frequently less 

expensive than natural sand, which makes it a financially 

feasible substitute for building projects, especially in areas 

where sand is expensive or scarce (Chukwu & Nwachukwu, 

2018). According to Mahmood et al. (2020), this study 

advances sustainable construction methods by encouraging the 

use of locally produced materials, guaranteeing that future 

projects can achieve both environmental and economic goals. 

  

2. Materials and Methods 
2.1 Methodology 
A thorough assessment of the strength of concrete built using 

stone dust as fine aggregate from two different locations—

Abakaliki in Ebonyi State and Nkwelle Ezunaka in Anambra 

State—was ensured by the technique for this study. The 

approach comprises a thorough explanation of the component 

materials, the procedure for gathering them, initial testing on 

them, and tests on both fresh and hardened concrete. To get 
accurate data that supports the study's goals, several processes 

were conducted methodically. 

 

2.2 Constituent Materials 

The constituent materials used for the preparation of concrete 

samples in this research are cement, stone dust, portable water, 

and coarse aggregate. 

 

2.2.1 Sample Collection 
For the purpose of comparison, stone dust was gathered from 

Abakaliki and Nkwelle, while cement and coarse aggregate 

(12 mm chippings) were obtained from Uli. In order to ensure 

compliance with the necessary criteria, portable water was 

procured from the Civil Engineering laboratory. In order to 

preserve quality, every material was thoroughly examined and 

handled. 

 

2.2.2 Cement  
Dangote Cement was selected for this study due to its proven 

track record of maintaining high quality standards, essential 

for ensuring the uniformity and functionality of the concrete 

mix. To preserve its efficiency, the cement was procured fresh 

from Uli, Anambra State, and protected from moisture 

exposure. This choice ensures that the concrete mix meets the 

rigorous requirements of the study, particularly within the 

local environmental conditions of Anambra State. 

2.2.3 Stone Dust 

https://doi.org/10.54117/jpmesc.v3i1.11


Available: https://doi.org/10.54117/jpmesc.v3i1.11     Research article 

23 

 

Abakaliki and Nkwelle were the sources of the stone dust 

employed in this study as fine aggregate. It was chosen 

because of its capacity to increase the concrete mix's packing 

density, which lowers voids and increases the concrete's 

overall strength. Because stone dust has a fine texture and 

improves particle dispersion, it can be used to produce 

concrete because it creates a more cohesive mixture. The study 

examines the effects of sourcing from two distinct areas on the 

performance of the concrete. 

 

2.2.4 Coarse Aggregate 

A local distributor in Uli provided the coarse aggregate 

(chipping) used in this investigation. Particularly, the chipping 
was chosen to have a nominal size of 12 mm, which is typical 

and appropriate for the majority of concrete applications. This 

size guarantees a robust, long-lasting concrete mix by 

facilitating effective packing and compaction. Before being 

mixed, the material was examined for contaminants such as 

dust or organic matter and kept in a controlled atmosphere to 

preserve its quality. By taking these precautions, the aggregate 

was guaranteed to satisfy all requirements for the 

manufacturing of concrete. 

 

2.2.5 Portable Water 

In order to ensure that the portable water used in this study 

complied with the quality requirements for use in the 

manufacturing of concrete, it was obtained straight from the 

Civil Engineering laboratory. The water was closely inspected 

and clear of contaminants or impurities that would have 

impacted the setting and strength development of the concrete, 
such as oils, acids, or alkalis. Consistency and dependability in 

the mixing process were made possible by sourcing water from 

a controlled setting, like a laboratory, which improved the 

overall quality and functionality of the concrete mixes. 

 

2.3 Preliminary Tests 

Before the components were added to the concrete mix, 

preliminary testing was done on them. These tests were crucial 

for understanding the materials' fundamental characteristics 

and assessing their suitability for use in the construction of 

concrete (Ugwuanyi, S. E., & Mmonwuba, N. C. 2019). 

 

 

 

 

2.3.1 Sieve Analysis of Stone Dust 
The aim of the sieve analysis was to determine the particle size 

distribution of the stone dust used as fine aggregate in the 

concrete mix. This test ensures proper gradation, which 

influences concrete’s workability, strength, and durability. 

The apparatus included standard sieves, a sieve shaker, a 

weighing balance, a tray, and a drying oven. The dried stone 

dust was sieved through a stack of sieves arranged in 

descending mesh sizes. The material retained on each sieve 

was weighed, and the cumulative percentage retained was 

calculated to assess the gradation. 

 

2.3.2 Slump test  
The purpose of the slump test was to gauge the fresh concrete 

mix's consistency and workability. A slump cone, tamping rod, 

base plate, and measuring tape were among the tools utilized. 

The cone was carefully raised vertically after being filled in 

three layers, each of which was tamped 25 times. The slump 

value, which indicates the mix's workability, was calculated by 

measuring the height difference between the slumped concrete 

and the cone. 

 

2.4 Tests on Hardened Concrete 
Testing was done on the hardened concrete to ascertain its 

mechanical qualities after it had been left to cure for 

predetermined amounts of time. 

 

2.4.1 Compressive Strength of Concrete Cubes 

The test was designed to determine the concrete cubes' 

compressive strength after 7, 14, and 28 days of curing. 
Concrete cubes measuring 150 mm by 150 mm by 150 mm, a 

curing tank, a weighing scale, and a compression testing 

machine were all part of the equipment. After casting, curing, 

and surface drying, the cubes were put through a series of tests 

with progressively increasing loads until they failed. The 

compressive strength was measured and contrasted with 

reference values.. 

 

3. Results and Discussion 
This section displays the findings of experiments performed 
on concrete samples utilising Nkwelle Ezunaka and Abakaliki 

stone dust. Sieve analyses for Abakaliki, Nkwelle, slump test, 

and compressive strength test are among the findings. 

Following the presentation of each test result in tables and 

figures, a thorough explanation follows.

 

 
Table 1: Sieve Analysis for Abakaliki sample 

Sieve 

Size (mm) 

Weight Retained 

(kg)  

Percentage 

Retained (%) 

Cumulative 

Percentage 

Retained (%) 

Cumulative 

Percentage 

Passing (<%) 

8 1.60 53.33 53.33 46.67 

10 0.05 1.67 55.00 45.00 

12 0.20 6.67 61.67 38.33 

20 0.80 20.00 81.87 18.33 

30 0.20 6.67 88.34 11.66 

40 0.15 5.00 93.34 6.66 

80 0.05 1.67 95.01 4.99 

Pan 0.00 0.00 100.00 0.00 
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Table2: Sieve Analysis for Nkwelle sample 

Sieve 
Size (mm) 

Weight Retained 
(kg)  

Percentage 
Retained (%) 

Cumulative 
Percentage 

Retained (%) 

Cumulative 
Percentage 

Passing (%) 

8 1.00 33.33 33.33 66.67 

10 0.05 16.67 50.00 50.00 

12 0.20 6.67 56.67 43.33 

20 0.40 13.33 70.00 30.00 

30 0.15 5.00 75.00 25.00 

40 0.10 3.33 78.33 21.67 

80 0.05 1.67 81.68 18.32 

Pan 0.00 0.00 100.00 0.00 

 

Table 3: Slump test results for Abakaliki and Nkwelle sample 

Material Location Water Cement 

Ratio 

Slump Value 

(mm) 

Height of Slump Concrete (mm) 

Stone Dust Abakaliki 0.6 60 240 

Stone Dust Nkwelle Ezunaka 0.7 170 130 

 

Table 4: Compressive Strength Test Results for Stone Dust Samples 

S/N Location 7 days 14 days 21 days 28 days 

1 Abakaliki 16.75 20.70 15.40 16.55 

2 Nkwelle 10.70 12.30 12.20 13.30 

 

 
Figure 1: Combined Graph for Abakaliki and Nkwelle Samples 
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Figure 2: Slump test result for Abakaliki and Nkwelle 

 

 
Figure 3: Compressive Strength vs. Curing Time for Stone Dust Samples (Nkwelle and Abakaliki) 

 

3.1 Sieve Analysis 
Abakaliki Sample: The coarser gradation improves 

workability but may reduce compressive strength due to 

potential voids. 

Nkwelle Sample: The finer gradation enhances strength by 

reducing voids but may decrease workability, requiring more 

water or additives. 
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Combined Analysis: The choice of stone dust source affects 

concrete properties; Abakaliki offers better workability, while 

Nkwelle provides higher strength. 

 

3.2 Slump test  
The results of the slump test showed that the two concrete 

mixtures' workability varied: 

Abakaliki Mix: The mix is easier to lay and compact when it 

has a slump value of 60 mm, which indicates improved 

workability. However, if left unchecked, the fluidity—which 

is indicated by a slump height of 240 mm—may cause 

bleeding or segregation.  Nkwelle Mix: A stiffer mix with less 

workability but better particle packing is indicated by a slump 
value of 170 mm. A slump height of 130 mm, which verifies 

the compact nature, indicates increased density, which raises 

compressive strength. 

 

3.3 Compressive strength test  
The results of the compressive strength test revealed 

significant variations between the concrete samples from 

Abakaliki and Nkwelle:   

Abakaliki recorded 16.75 N/mm² after 7 days, whereas 

Nkwelle recorded 10.70 N/mm².This suggests that the 

Abakaliki mix developed its strength more quickly.• After 14 

days, Nkwelle increased to 12.30 N/mm², indicating enhanced 

particle packing in the Abakaliki mix, while Abakaliki reached 

20.70 N/mm². 

After 21 days, Nkwelle was steady at 12.20 N/mm², indicating 

steady curing, while Abakaliki decreased somewhat to 15.40 

N/mm². 
At 28 days, Nkwelle developed steadily but more slowly, 

reaching 13.30 N/mm², while Abakaliki maintained superior 

strength at 16.55 N/mm². 

Comparative Analysis: The Abakaliki mix steadily performed 

better than the Nkwelle mix, most likely as a result of superior 

curing conditions, particle size dispersion, and material 

quality. However, because of its finer particles and higher 

water requirement, the Nkwelle mix showed a slower, more 

gradual strength growth. 

 

4. Conclusion and Recommendations 

4.1 Conclusion 
There were notable variations in the mechanical performance 

of concrete samples from Abakaliki and Nkwelle when stone 

dust was used as a partial substitute for fine aggregates. 

Abakaliki samples had higher early-age and overall strength, 

according to the compressive strength measurements. This was 

probably because of their improved particle size distribution 

and compaction properties, which improved bonding within 

the concrete matrix. This outstanding performance was further 

enhanced by favourable material qualities and carefully 
regulated curing conditions.The Nkwelle samples, on the other 

hand, showed a steady but slower strength growth. Despite 

being weaker than Abakaliki's after 28 days, the steady and 

moderate growth indicates dependable long-term 

performance, which makes it appropriate for uses that don't 

call for quick strength gains. This study emphasises stone 

dust's potential as a sustainable raw material for concrete 

manufacturing. But the diversity that has been seen highlights 

how crucial it is to optimism mix composition and guarantee 

strict quality control when acquiring components. 

 

4.2 Recommendations 
 Optimize Mix Design: For increased strength and 

performance, modify the proportions of stone dust and 

water-cement to fit the characteristics of the local 

materials. 

 

 Assure Quality Control: To preserve uniformity in 

concrete strength, test stone dust on a regular basis for 

particle size, cleanliness, and mineral composition. 

 

 Enhance Curing Methods: To guarantee adequate 

hydration, use efficient curing strategies, including 
curing chemicals or ongoing moisture maintenance.  

 

 Additional Research: To evaluate long-term 

performance, look into additional characteristics like 

flexural strength, tensile strength, and durability. 

 

 Encourage Sustainability: By using stone dust, you may 

lessen your dependency on natural sand and encourage 

environmentally beneficial building methods. 

 

 Locally Adapt Standards: To improve the durability of 

concrete, match building codes with local material 

characteristics and environmental circumstances. 
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