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Mechanical Properties of Concrete Using All-In Aggregates from Small-Scale Mining Sites


Abstract
[bookmark: _GoBack]Concrete is vital in building construction industries; however, it significantly contributes to the depletion of natural resources (aggregates), leading to global CO2 emissions. To reduce concrete-related CO2 emissions, the integration of wastes and by-products as components in concrete production is a promising strategy. One of such by- products is the residue from small-scale mining (galamsey) sites, which causes environmental pollution and is a source of soil contamination. This work sought to assess the properties of concrete made with all-in-aggregates sourced from small-scale mining (galamsey) sites (galamsey aggregate). Conventional gravel and sand were completely replaced with all-in-aggregates from mining (galamsey) sites for concrete and tested for workability, density, compressive, tensile strength and water absorption. The result indicated that the density, compressive strength, tensile strength and water absorption level of the concrete increased as the curing days increased. The result showed that the density, compressive, tensile strength and water absorption level of the control was 2385.83kg/m3, 33.41N/mm2, 3.30N/mm2 and 2.60% respectively while the mining sites (galamsey aggregate) concrete recorded density of  2359.22kg/m³, compressive 32.56N/mm2, tensile strength 3.21N/mm2 and water absorption level of  2.67%. The study revealed that the all-in-aggregates from the small-scale mining (galamsey) site gave good workability with a slump (workability) value of 59mm and 35.67mm for mining site (galamsey) aggregate and granite, respectively. The study concluded that the workability, density, compressive, tensile and water absorption of the mining site (galamsey) aggregates are within the acceptable standard requirement for concrete application.
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[bookmark: _Toc176320701]Introduction
One of the most versatile and widely used building materials in the world's construction industry is concrete (Dinku, 2005). As noted by Res, I. J. A. (2016), nearly 25 billion tons of concrete are utilised worldwide each year (Nduka et al., 2018). Around 70% of the concrete's total volume consists of fine and coarse aggregates. Therefore, the quality of concrete is significantly influenced by the physical and mechanical properties of the aggregates, as well as the chemical composition of the raw materials used to produce them (Dinku, 2005). In concrete, an aggregate particle shape has been linked to durability, workability, compressive strength and split tensile strength. Processing techniques are widely used to analyse the shape characteristics of aggregate particles. The test results show that there is a good correlation between several aggregate shape properties and compressive strength (Oluwasola et al., 2020; Konitufe et al., 2023; Wong, 2021). Thus, the shape of the particles affects the strength of the aggregate and the strength of the mixture of materials such as concrete, asphalt and railroad aggregate (Suhendro & Nugroho, 2025). Garcia-Troncoso et al. (2022) evaluated mining tailing sand mechanical properties in structural concrete combinations. It revealed that the compressive strength of mining tailing aggregates was lower than conventional concrete; however, they concluded that it may be used in pavements, curbs, floors and cyclopean concrete. Recent research by Ode and Eluozo (2016), Olajumoke et. al. (2014), and Sulymon et al. (2017) has shown that the selection of coarse aggregates in concrete formulation directly impacts its quality (Nduka et al., 2018). Various characteristics of aggregates, including density, size, and shape, play a crucial role in determining the compressive strength of concrete. The roughness and surface area of the aggregates in contact with the cement paste contribute to the strength of the concrete. Concrete made with crushed aggregates typically exhibits higher strength compared to that made with rounded aggregate particles; larger-sized aggregates tend to result in lower concrete strength (Woode et al., 2014). 
Yalley et al. (2021) found that the morphological analyses at different magnifications showed deep and persistent cracks within the concrete mixed with the contaminated water. Garcia-Troncoso et al. (2022) conducted research on the comparative mechanical properties of a conventional concrete mixture and concrete incorporating mining tailings sands. Find that the higher the amount of sand replaced with mining tailing the lower the compressive strength is obtained. Collivignarelli et al. (2020) also researched the production of sustainable concrete with the use of alternative aggregates and found that construction and metallurgical industry categories are the main sources of alternative materials for both the components, with ceramic and lead slag reaching a full replacement for fine and coarse aggregates. Owing to a severe shortage of natural aggregates in terms of quantity and quality, alternative aggregate resources must be utilised in civil engineering construction to meet a significant increase in aggregate demand. Mondem & Balunaini (2024) focused on manufacturing artificial aggregates for pavement applications using two waste materials- mine overburden waste from the coal mining industry and fly ash from thermal power plants.
Based on the aforementioned investigations, the study sought to assess the properties of concrete made with all-in-aggregates sourced from  a small-scale mining site (galamsey aggregate).
2.0 Materials and Methods
2.1 Materials
The materials that were used for the study include cement (GHACEM Super Strong 42.5R), pit sand (fine aggregate), crushed granite stones (coarse aggregate), All-in-aggregates (galamsey aggregates), and water. 
2.1.1 Cement 
Ordinary Portland Cement (GHACEM Super Strong 42.5R Grade) per BS EN 197-1, 2011 was used. 
2.1.2 Aggregate 
Natural quartz sand with a fineness modulus of 3.1 and a gradation of 0.16 - 5 mm, and granite gravel with a gradation of 10 - 12 mm, which conformed to BS EN 12620-2019, were used for the production of the concrete (Figure 2).  
2.1.3 All-in-aggregates
Galamsey aggregates for the test were obtained from the Asankrangwa-Gyaman small-scale mining (galamsey) site in the Amenfi West Municipal of the Western Region of Ghana (Figure 1). 
2.1.4 Water 
The water used was obtained from the Ghana Water Company, which conformed to the requirements of BS EN 1008 - 2002. 
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Figure 1: All-in-aggregates from mining sites (galamsey sites) 
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Figure 2: Granite All-in-aggregate
2.2 Methods
2.2.1 Preparation of Specimens
2.2.1.1 Batching
The batching of materials for concrete production was done by weight.
2.2.1.2 Mixing 
Mixing using a mix ratio of 1:2:4 with a water-to-cement ratio of 0.55, mixing of concrete was done in accordance with BS EN 12620:2019. Mixing of the concrete was done by a pan mixer. The all-in aggregate was first poured into the mixer, followed by the cement, and thoroughly mixed in a dry state. This was followed by the gradual addition of water, and the whole constituent was mixed until an even paste was obtained.  
2.2.1.3 Casting 
Casting of the concrete mix was done with steel cubes and cylinders, as shown in Figure 2. A 100mm x 100mm x 100mm for cubes and 100mm x 200 for cylinders of diameter 100 mm were moulded in accordance with BS EN 12390-2.
A conventional aggregate (sand and granite) was replaced with all-in-aggregate galamsey aggregate for the concrete production. The mix designs used with their corresponding material quantities are reported in Table 1. A total of 54 specimens were prepared for the study, as shown in Table 2. After the specimens were set, they were demoulded and immersed in water for curing. 
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Figure 3: Concrete casting

Table 1: Materials Quantity

	Material Quantity (kg)

	Materials (kg)
	Type of aggregate
	Total quantity (kg)

	
	Quarry site  (Granite)
	Mining site (Galamsey agg.)
	

	Cement
	12.07
	12.07
	24.14

	Sand
	24.15
	24.15
	48.30

	Coarse Aggregate
	48.29
	48.29
	96.58

	Water 
	6.04
	6.04
	12.08




Table 2: Number of specimens
	Total number of specimens 

	Total number of specimens
	 Type of test
	Quarry site  aggregate (Granite)
	
	Mining site (galamsey) aggregate
	Total specimen per test

	
	
	Curing days 
	 
	Curing days 
	

	
	
	7
	14
	21
	28
	
	7
	14
	21
	28
	

	54
	Compressive
	3
	3
	3
	3
	
	3
	3
	3
	3
	24

	
	Split tensile 
	3
	3
	3
	3
	
	3
	3
	3
	3
	24

	
	Water absorption
	
	
	
	3
	
	
	
	
	3
	6

	
	Total number of specimens per curing days 
	6
	6
	6
	9
	 
	6
	6
	6
	9
	54



2.2.2 Testing of Fresh Concrete
Slump test 
The concrete slump test carried out in accordance with BS EN 12350:2009 was conducted to determine the workability of fresh concrete, as shown in Figure 4. 
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Figure 4: Slump test

2.2.3 Testing of Hardened Concrete
The concrete samples were tested for density, split tensile strength, compressive strength, and water absorption at curing days of 7, 14, 21, and 28. 
2.2.2.1 Density: The specimen's density was determined per the BS EN 12390-7: 2019 specifications. Three samples were randomly selected and weighed, and the densities were calculated using the formula  (kg/m3) ----------------equ.1
2.2.2.2 Compressive Strength: The specimens were tested by the Universal Testing Machine (UTM) in accordance with BS EN 12390-3 (2019) as displayed in Figure 5a. The Compressive strength of concrete was calculated as   ----------------equ. 2
2.2.2.3 Split Tensile Strength: Figure 5b shows the testing of specimens for tensile strength, which was determined in accordance with BS EN 12390-3 (2019) using the Universal Testing Machine (UTM). This was calculated as   ---------------- equ. 3
2.2.2.4 Water Absorption Test: The test was conducted in accordance with BS EN 772-11. The specimens were oven-dried at 105 °C for 24 hours after 28 days of cure. After drying, the specimens' mass was recorded. After drying, the specimens were submerged in buckets of water for 30 minutes to absorb as shown in Figure 5c. Absorbed specimen mass was obtained after 30 minutes of complete immersion. The formula for calculating specimen water absorption %:
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(a)                                      (b)                                            (c)
Figure 5: Testing of specimens (a) Compressive strength, (b) Split tensile strength, (c) Water absorption test.

2.3 Data analysis
Microsoft Excel was utilised to create charts based on the test outcomes. Using the Pairwise Multiple Comparison method to ascertain the locations of the differences, a one-way ANOVA was carried out to find statistically significant differences between the variables.

3.0 Results and Discussions
3.3 Slump Test (Workability)
The findings revealed that concrete made from granite exhibited low workability with a slump value of 35.67mm, suggesting a low water-to-cement ratio and consequently higher strength. Similarly, concrete produced from mining site (galamsey) aggregate exhibited medium workability - 59mm, characterised by ease of mixing, transportation, and achieving homogeneity, and a moderate water-to-cement ratio resulting in average strength, as reflected in the achieved concrete strength following BS EN 12390-3:2019 standard. Figure 8 provides a visual depiction of the test results. This finding reveals that concrete derived from granite exhibited low workability according to ASTM C143, evidenced by a slump value of 35.67mm. Conversely, concrete produced from mining site (galamsey) aggregates displayed medium workability, as indicated by a slump test value of 59mm. This represents a notable difference of 39.54% between the two types of aggregates. According to the American Concrete Institute (ACI), the standard concrete slump range for general construction projects falls between 2-4 inches (50-100 mm). This range ensures appropriate workability and strength for typical concrete applications such as slabs, beams, and footings. Therefore, considering this standard, the slump value obtained from the mining site (galamsey) aggregates is suitable for various concrete applications.

Figure 8: Slump test (workability)
3.1 Density 
Figure 9 shows the graphical outcome obtained for density. The result shows that the average density obtained for concrete made with mining site (galamsey) aggregates was 2325.17 kg/m³, slightly exceeding the 2323.47 kg/m³ recorded for concrete made with granite, representing a variation of 0.07% in values. At the 14th day, the average density recorded for the granite specimens was 2341.71 kg/m³, while for the mining site (galamsey) aggregates specimens, it was 2337.89 kg/m³, indicating a variation of 0.16% in value. By the 21st day, granite specimens achieved a density of 2375.23 kg/m³, compared to 2341.50 kg/m³ for specimens made from mining site (galamsey) aggregates, with a difference of 1.42%. Finally, at the 28th day, the average density for granite specimens was 2385.83 kg/m³, whereas for specimens made from mining site (galamsey) aggregates, it was 2359.22 kg/m³, which is higher than the density of 2000 kg/m³ recommended by Winston et al. (2002).

Figure 9: Average density
3.2 Compressive Strength 
The results indicate a progressive increase in compressive strength with longer curing periods, spanning 7, 14, 21, and 28 days. Furthermore, the analysis reveals that concrete made from granite (quarry site) exhibited higher strength compared to that sourced from mining site (galamsey) aggregates. The average compressive strength of concrete built from granite on the 7th day of curing was 23.22 N/mm², whereas concrete from the mining site (galamsey) materials was 22.28 N/mm², a variance of 2.76%. The 14-day compressive strength of granite specimens was 23.51 N/mm², whereas mining site (galamsey) aggregates specimens were 23.31 N/mm², a 0.85% difference. Granite specimens attained 31.92 N/mm² on the 21st day of curing, whereas mining site (galamsey) aggregates reached 31.63 N/mm², a difference of 0.91%. On the 28th day, granite specimens had an average strength of 33.41 N/mm², whereas mining site (galamsey) aggregate specimens had 32.56 N/mm², a difference of 2.54%. Figure 10 is a chart depicting the compressive strength result. This supports Nduka et al.'s (2018) study on concrete strength utilising quarry-crushed and locally-produced coarse aggregates. They found that granite aggregate concrete has superior compressive strength at all times. Garcia-Troncoso et al. (2022) also evaluated mining tailing sand mechanical properties in structural concrete combinations. The compressive strength of mining tailing aggregates was lower than conventional concrete; however, they concluded that it may be used in pavements, curbs, floors and cyclopean concrete. 

Figure 10: Average compressive strength result
	
3.2.1 Analysis of Variance (ANOVA) for Compressive Strength
An Analysis of Variance (ANOVA) was performed at a 5% significance level to investigate any significant differences in the compressive strength of concrete sourced from granite and mining site (galamsey) aggregates, as outlined in Table 3. The results indicate that, at a 5% significance level, the differences in mean values across the treatment groups are insufficient to exclude the likelihood that the observed variance is due to random sampling variability. As a result, no statistically significant change was discovered (P = 0.611).

Table 3: Descriptive Statistics and One-Way-ANOVA for Compressive Strength

	Descriptive Statistics
	One Way ANOVA

	Treatment Name 
	N
	Missing
	Mean
	Std Dev
	SEM
	Source of Variation
	DF
	SS
	MS
	F
	P

	Quarry site (Granite)
	3
	0
	33.413
	1.397
	0.807
	Between Subjects
	2
	1.172
	0.586
	
	

	Mining site (galamsey)
	3
	0
	32.563
	1.292
	0.746
	Between Treatments
	1
	1.084
	1.084
	0.357
	0.611

	
	
	
	
	
	
	Residual
	2
	6.073
	3.036
	
	

	 
	 
	 
	 
	 
	 
	Total
	5
	8.328
	1.666
	 
	 



3.3 Split Tensile Strength
Figure 11 displays the results of the tensile strength test in a graphical chart. The results show that the tensile strength obtained for the specimens increases with curing durations of 7, 14, 21, and 28 days. The investigation also found that quarry-site granite concrete was stronger than mining-site (galamsey) aggregate concrete. After 7 days of curing, granite concrete had an average split tensile strength of 2.88 N/mm², while galamsey aggregate concrete had 2.74 N/mm², a differential of 4.86%. Granite specimens had an average split tensile strength of 3.07 N/mm² at day 14, whereas mining site (galamsey) aggregates had 2.97 N/mm², a 3.26% variance. On the 21st day of curing, granite specimens attained 3.10 N/mm², whereas mining site (galamsey) aggregates reached 3.01 N/mm², a 2.90% performance difference. On day 28, granite specimens had an average strength of 3.30 N/mm², whereas mining site aggregate specimens had a value of 3.21 N/mm², a difference of 2.73%.  Kosmatka et al. (2002) found that conventional concretes have tensile splitting strengths between 8% and 12% and 10% to 15% of compressive strength (IS 456-2000, section 6.2.2). The results from the mining site (galamsey) aggregate specimens are consistent with this. The 28-day mining site specimen split tensile strength is 9.86% of compressive strength.












Figure 11: Average split tensile strength result

3.3.1 Analysis of Variance (ANOVA) for Split Tensile Strength
The study conducted an Analysis of Variance (ANOVA) at a 5% significance level to examine any significant variations in the split tensile strength of concrete made from granite and mining site (galamsey) aggregates, as seen in Table 4. The results indicate that, at a 5% significance level, the variations in mean values across the treatment groups are insufficient to rule out the potential for the observed difference to be attributed to random sampling variability; hence, no statistically significant difference is identified (P = 0.419).

Table 4: Descriptive Statistics and One-Way-ANOVA for Split Tensile Strength
	Descriptive Statistics
	One-way ANOVA

	Treatment Name
	N
	Missing
	Mean
	Std Dev
	SEM
	Source of Variation
	DF
	SS
	MS
	F
	P

	Quarry site (Granite)
	3
	0
	3.297
	0.0802
	0.0463
	Between Subjects
	2
	0.249
	0.125
	
	

	Mining site
	3
	0
	3.007
	0.492
	0.284
	Between Treatments
	1
	0.126
	0.126
	1.02
	0.419

	
	
	
	
	
	
	Residual
	2
	0.247
	0.124
	
	

	
	
	
	
	
	
	Total
	5
	0.622
	0.124
	
	



3.4 Water Absorption Test
The results indicate that the control samples, produced with aggregates sourced from the quarry site (granite), outperformed those made from aggregates obtained from the mining site. Specifically, the control blocks exhibited a water absorption rate of 2.60%, demonstrating lower porosity compared to the concrete blocks composed of mining site (galamsey) aggregates, which recorded a water absorption level of 2.67%. See Figure 11 for a pictorial view. The percentage difference between the two sets of blocks was calculated at 2.62%. This outcome aligns with the findings of Doiphode et al. (2023), wherein it was observed that the water absorption of Gold Mines Waste (GMW) coarse aggregate exceeds that of local aggregate. Similarly, according to the permeability test results conducted by Khan et al. (2017) on M20 and M40 grade concrete, the depth of penetration in GMW concrete is greater compared to control concrete. This difference could be attributed to the elevated water absorption of GMW coarse aggregate.

Figure 11: Average water absorption
4.0 Summary and Conclusion
The results showed that the density of specimens produced from small-scale mining site aggregates (galamsey aggregate) falls within acceptable ranges for concrete, with density increasing over curing days.  The research observed a progressive increase in compressive and split tensile strength of concrete specimens with longer curing periods, meeting the standard strength requirements for quality construction concrete. The results of the slump test revealed that the concrete produced with small-scale mining site (galamsey) aggregate exhibited good workability, suggesting a moderate water-to-cement ratio and consequently, average to acceptable strength. In accordance with the American Concrete Institute (ACI) and ASTM C 143 standards, the obtained slump value from the small-scale mining site (galamsey) aggregates ensures appropriate workability and strength for typical concrete uses such as slabs, beams, and footings. This finding also conforms to the findings of Backus (2022). Lastly, the results showed that water absorption levels of specimens incorporating small-scale mining site aggregates were within acceptable thresholds, signifying durability and resistance to weather elements with standard protection measures. The study concluded that the concrete made with all-in-aggregates obtained from the small-scale mining site has the necessary properties for efficient use in construction. 
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Quarry site (Granite) aggregate	28	56	35.67	Mining site aggregate	28	56	59	Average Slump concrete  (%)



Quarry site (Granite)	7	14	21	28	2323.4701452964259	2341.7117403754378	2375.2253685438541	2385.8309470781633	Mining site	7	14	21	28	2325.167037861916	2337.8937321030867	2341.4996288047514	2359.2247322091398	Curing days

Average Density (kg/m3)



Quarry site (Granit)	
7	14	21	28	23.223333333333333	25.933333333333	31.916666666666668	33.413333333333334	Mining site	22.28

7	14	21	28	22.28	24.313333333333301	31.026666666666699	32.563333333333333	Curing days

Average Compressive strength (N/mm2)



Quarry site (Granite)	7	14	21	28	2.8762328985046133	3.0745572170961935	3.0968289320182421	3.2951532506098213	Mining site	7	14	21	28	2.7447237246791816	2.9663803160462408	3.0088026301834767	3.2124297380422107	Curing days

Average Split tensile strength (N/mm2)



Quarry site (Granite)	28	2.598837749832966	Mining site	28	2.6705993795776557	Curing days

Average Water absorption (%)
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