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RESULTS AND DISCUSSION

4.1. Physical properties of materials used in the study

 Sieve analysis of Fine and coarse aggregates

The results of sieve analysis of fine and coarse aggregates are shown in the table and the graph plotted in form semi-log graph of cumulative % passing versus sieve size is illustrated in Figure below:
Table:4.1
	Sieve sizes (mm)
	Weight of sand retained (g)
	% Weight retained (g)
	% cumulative weight retained (g)
	% Passing 

	8.0
	1.5
	0.15
	0.15
	99.85

	4.0
	18.0
	1.8
	1.95
	98.05

	2.36
	37.5
	3.75
	5.7
	94.3

	1.0
	138.0
	13.82
	19.52
	80.48

	0.500
	242.5
	24.27
	43.79
	56.21

	0.250
	365.5
	36.59
	80.38
	19.62

	0.150
	134.0
	13.41
	93.79
	6.21

	Pan
	62.0
	6.21
	100
	0

	
	999
	
	Ʃ=245.3
	



Finesse modulus=Ʃ% cumulative weight retained btw 8mm to 0.150mm/100
Finesse modulus= 245.3/100= 2.453˷2.5









%passing against sieve sizes for fine aggregates
  The finesse modulus calculated above supports it is a fine sand corresponding to sand classification based on grain size 2.2-2.6. The figure above shows the grading of fine aggregates. It was observed that the grading curve fell within the grading envelope specified. This implies that the particle sizes within the fine aggregate range were available in recommended percentage ranges. This ensured that the resultant concrete was neither susceptible to bleeding nor exerted high water demand owing to the large surface area of fine aggregate particles.

Table:4.2
	Sieve sizes (mm)
	Weight of sand retained (g)
	% Weight retained (g)
	% cumulative weight retained (g)
	% Passing 

	31.5
	0
	0
	0
	100

	16
	0
	0
	0
	100

	8
	908.4
	90.88
	90.88
	9.12

	4
	89.5
	8.95
	99.83
	0.17

	2.36
	1.2
	0.12
	99.95
	0.05

	Pan
	0.5
	0.05
	100
	0

	
	999.6
	
	Ʃ=290.66
	



Finesse modulus=Ʃ% cumulative weight retained btw 31.5mm to 2.36mm/100
Finesse modulus= 290.66/100= 2.9066˷2.91
 
Figure 4.1: %passing against sieve sizes for coarse aggregates
The results above show that the grading curve was found to fit within the grading envelope specified. The aggregate did not have gap in gradation of particle size. The grading curve was found to fall within the specified grading envelope. The availability of various particle sizes ensured good particle interlock in the cement matrix with smaller sized particles fitting into voids left between larger sized particles. This ensured a dense concrete matrix without many voids hence maximized load bearing capacity of the concrete (Buertey et al., 2018).

Water Absorption Test
    Water absorption tests were carried out on both fine and coarse aggregates to determine the amount of water they can retain. The results after the test are shown below:
Table:4.3
	Description
	Coarse aggregate
	Fine aggregate

	Weight of sample A (g)
	1000
	500

	Weight of sample after 24hr in the oven B (g)
	1002.5
	512.5

	Weight of water absorbed C (g)
	2.5	
	12.5

	Water absorption capacity (%)
     =C/A X 100
	0.25
	2.5



     The water absorption values were within acceptable limits generally less than 3% for coarse aggregates and 2% for fine aggregates is considered satisfactory (Neville, 2011). Higher absorption indicates more porous aggregates, which may lead to reduced strength and durability if not properly accounted for. The obtained values were used to adjust the water content of the mix to maintain consistent workability and effective water-cement ratio. Aggregates with high water absorption can draw water from the mix, resulting in insufficient hydration and lower strength (Mehta & Monteiro, 2014).

Moisture Content Test
     The moisture content of the fine aggregate was determined using the oven-drying method in accordance with BS 812-109:1990. The presence of moisture in aggregates influences the water-cement ratio and, consequently, the strength and durability of concrete. The results shows in the table below:
Table:4.4
	Description 
	Sample A
	Sample B

	Weight of Can (g)
	25.0
	24.5

	Weight of Can + moist sand (g)
	117.0
	107.0

	Weight of Can + Dry sample (g)
	112.0
	102.5

	Weight of Dry Sample (g) 
	87.0
	78.0

	Weight of moisture (g)
	5.0
	4.5

	Moisture content (%)
 = Weight of moisture/Dry weight of sand x 100
	5.8
	5.8

	Average Moisture Content (%)
	5.8
	



    The moisture content of the sand sample was within the acceptable range of 2–6% for natural sand (Neville, 2011). The measured moisture content was considered during the batching process to maintain a consistent water-cement ratio and avoid bleeding or segregation in the concrete mix.

Silt Content Test
After the test was carried out the volume of silt was measured as 2.5ml while the volume of sand is measured as 80ml 
Table: 4.5
	Sample
	Height of silt Layer(mm)
	Height of Sand Layer (mm)
	Silt Content (%)

	Sand
	2.5
	80
	3.1



Silt content (%) = 2.5 / 80 x 100 = 3.1%
  The silt content obtained was below the 6% limit recommended by IS 2386 (Part I) for fine aggregates used in concrete. A low silt content is beneficial for achieving good bond strength and overall concrete performance.

Specific Gravity Test
The data below was given after the test was carried out;
Table:4.6
	Description 
	Coarse agg
        A
	Coarse agg
B
	Fine agg
A
	Fine agg
B

	Weight of sample (g)
	300
	300
	264
	264

	Weight of measuring cylinder (g) W1
	134.5
	134
	134
	134

	Weight of M+sample (g) W2
	434.5
	434
	398
	398

	Weight of M+S+Water (g) W3
	986.5
	989
	960
	962

	Weight of M+Water (g) W4
	797.5
	799
	800
	799.5

	Specific Gravity= W2-W1/(W4-W1)-(W3-W2)
	2.70
	2.73
	2.54
	2.60



Average specific gravity (Fine Aggregates) = 2.54+2.60=2.57
Average specific gravity (Coarse Aggregates) =2.70+2.73=2.715
     The values above fall within the typical ranges for natural aggregates used in concrete production. According to the American Concrete Institute (ACI) and ASTM standards, the specific gravity of natural fine aggregates generally ranges from 2.5 to 2.8, while that of coarse aggregates typically ranges from 2.6 to 2.9 (ACI Education Bulletin E1-07, 2007).
     The fine aggregate's specific gravity of 2.57 suggests it is likely composed of quartz-rich sand, common in many regions, including Nigeria. This observation aligns with findings from Adekunle and Okeke (2018), who reported that fine aggregates sourced from Ibadan and surrounding areas had specific gravities between 2.55 and 2.65 (Nigerian Journal of Technological Development, Vol 15, No.2,2018). 
     The coarse aggregate's specific gravity of 2.715 indicates a dense material such as granite, which are widely used in concrete due to their high load-bearing capacity. Similar values were reported by Ali and Kwan (2020), who examined coarse aggregates from multiple sources in West Africa and found specific gravity values ranging from 2.65 to 2.75 (International Journal of Civil Engineering and Technology, Vol. 11, Issue 5, 2020). 
    These specific gravity values confirm that the aggregates tested are suitable for structural concrete applications and can be reliably used in mix design calculations to ensure strength, durability, and economy.

Slump Test
Upon mixing the concrete with various percentages of cement replacement levels, the results of slump test are illustrated by this Figure below:
Table: 4.7
	Mix ID
	% Replacement
	Slump (mm)
	Slump Type

	Control
	0%
	44
	True

	Mix
	5% GCHA + RHA
	37
	True

	Mix
	10% GCHA + RHA
	32
	True

	Mix
	15% GCHA + RHA
	27
	True





Figure 4.3: Slump against percentage partial replacement of cement with RHA/GCHA

    A decrease in slump was observed with increasing GCHA and RHA content, indicating reduced workability. This is consistent with findings by Habeeb and Fayyadh (2009), who noted that RHA increases water demand due to its high surface area and porosity. Despite the reduced slump, all mixes remained workable for compaction and placement.
Chemical Properties of RHA AND GCHA
After the test was conducted the results below were found out the components present in the pozzolans;
Table: 4.8
	Element
	Symbol
	[bookmark: _GoBack]Percentage (%)

	Silicon
	Si
	56.0

	Magnesium
	Mg
	3.0

	Oxygen
	O
	6.0

	Carbon
	C
	11.5

	Iron
	Fe
	11.3

	Gold (trace)
	Au
	1.2

	Calcium
	Ca
	15.0



   The chemical analysis of RHA reveals a high silicon content (56%), indicating strong pozzolanic activity. The presence of calcium (15%) supports additional binding capacity. Iron and carbon contents suggest incomplete combustion or organic remains. Gold trace is uncommon and may be due to contamination. RHA is classified as a Class F pozzolan according to ASTM C618.
Table: 4.9
	Element
	Symbol
	Percentage (%)

	Silicon
	Si
	41.0

	Magnesium
	Mg
	2.8

	Oxygen
	O
	5.5

	Carbon
	C
	16.0

	Iron
	Fe
	9.0

	Potassium
	K
	3.5

	Calcium
	Ca
	22.0



    The GCHA sample contains moderate silicon (41%) and high calcium (22%), suggesting borderline pozzolanic and cementitious properties. The high carbon content indicates incomplete combustion, requiring further processing for optimal performance. Based on its chemical profile, GCHA is classified as a Class C pozzolan according to ASTM C618.
[image: ]
Figure 4.4: Components of RHA
[bookmark: _Hlk198914798]
Consistency and Setting time Test of Cement
The test was carefully carried out using a vicat apparatus according to BS 4550.The result of the consistency and setting time are in the table below;
Table: 4.10
	Replacement Level (%)
	Constituents
	Standard Consistency (%)
	Initial Setting Time (mins)
	Final Setting Time (mins)

	0% (Control)
	100% Ordinary Portland Cement (OPC)
	34
	45
	280

	5%
	95% OPC + 5% (RHA + GCHA)
	33
	50
	300

	10%
	90% OPC + 10% (RHA + GCHA)
	34
	57
	330

	15%
	85% OPC + 15% (RHA + GCHA)
	35
	65
	360



Figure 4.5: Setting Time against % Replacement of RHA+GCHA

         From the results above, it is evident that the replacement of cement with a combined mix of RHA and GCHA leads to a gradual increase in standard consistency, initial setting time, and final setting time. This can be attributed to the slower pozzolanic reaction of the ash materials compared to the hydration of OPC. As the replacement level increased from 0% to 15%, the cement paste required more water and took take to set. These results are in line with findings from previous research. Studies have shown that the incorporation of Rice Husk Ash in cementitious systems leads to increased water demand due to its porous structure and high surface area (Crystals, MDPI, 2021). Similarly, Guinea Corn Husk Ash and related agricultural ashes delay setting time due to their slower pozzolanic activity, as supported by research on Corn Cob Ash and similar agro-waste materials (Scholink, 2022). The study by Zain et al. (2004) on RHA also confirmed the delayed setting and improved later strength development, which corresponds to the trend observed in this investigation. This suggests that while RHA and GCHA improve sustainability by reducing cement usage, adjustments in mix design and curing practices are essential for optimizing performance.
4.1.2 Compressive Test
  Guinea corn husk ash and Rice husk ash was added in increments of  5, 10, and 15% as partial replacement of cement for a high performance concrete. The strength determined for various ages of curing (7,14, and 28days). The results of the compressive strength tests are shown in the tables below and illustrated in graph by Figure 4.6
   
FOR CONTROL 0% REPLACEMENT OF GHCA AND RHA
Table: 4.11
	Age
(days)
	S/N
	Weight
 (kg)
	Density
 (kg/m)
	Load
(kn)
	Ultimate Bearing Strength (n/mm) 

	7

	A
	2.379
	2379
	252
	25.2

	7

	B
	2.381
	2381
	256
	25.6

	Average

	
	
	2380
	
	25.4

	14

	A
	2.616
	2616
	264
	26.4

	14

	B
	2.354
	2354
	248
	24.8

	Average

	
	
	2485
	
	25.6

	28

	A
	2.414
	2414
	336
	33.6

	28

	B
	2.393
	2933
	300
	30.0

	Average

	
	
	2673.5
	
	31.8



FOR 5% REPLACEMENT OF GHCA AND RHA
Table: 4.12
	Age
(days)
	S/N
	Weight
 (kg)
	Density
 (kg/m)
	Load
(kn)
	Ultimate Bearing Strength (n/mm) 

	7

	A
	2.367
	2367
	216
	21.6

	7

	B
	2.349
	2349
	220
	22.0

	Average

	
	
	2358
	
	21.8

	14

	A
	2.343
	2343
	236
	23.6

	14

	B
	2.385
	2385
	220
	22.0

	Average

	
	
	2364
	
	22.8

	28

	A
	2.309
	2309
	308
	30.8

	28

	B
	2.379
	2379
	328
	32.8

	Average

	
	
	2344
	
	31.8






FOR 10% REPLACEMENT OF GHCA AND RHA
Table: 4.13
	Age
(days)
	S/N
	Weight
 (kg)
	Density
 (kg/m)
	Load
(kn)
	Ultimate Bearing Strength (n/mm) 

	7

	A
	2.372
	2372
	176
	17.6

	7

	B
	2.349
	2349
	184
	18.4

	Average

	
	
	2361
	
	18.0

	14

	A
	2.354
	2354
	216
	21.6

	14

	B
	2.377
	2377
	208
	20.8

	Average

	
	
	2366
	
	21.2

	28

	A
	2.375
	2375
	304
	30.4

	28

	B
	2.417
	2417
	316
	31.6

	Average

	
	
	2396
	
	31.0



FOR 15% REPLACEMENT OF GHCA AND RHA
Table: 4.14
	Age
(days)
	S/N
	Weight
 (kg)
	Density
 (kg/m
	Load
(kn)
	Ultimate Bearing Strength (n/mm) 

	7

	A
	2.265
	2265
	168
	16.8

	7

	B
	2.301
	2301
	164
	16.4

	Average

	
	
	2283
	
	16.6

	14

	A
	2.280
	2280
	188
	18.8

	14

	B
	2.339
	2339
	196
	19.6

	Average

	
	
	2310
	
	19.2

	28

	A
	2.289
	2289
	252
	25.2

	28

	B
	2.322
	2322
	220
	22.0

	Average

	
	
	2305.5
	
	23.6





Figure 4.6 Compressive strength against curing days

[bookmark: _Hlk198987441]The compressive strength behavior of high-performance concrete (HPC) incorporating combined Rice Husk Ash (RHA) and Guinea Corn Husk Ash (GCHA) as partial replacements for ordinary Portland cement was thoroughly examined at varying replacement levels of 5%, 10%, and 15%, and over curing periods of 7, 14, and 28 days. The control mix, which contained no pozzolanic replacement, recorded compressive strengths of 25.4 N/mm², 25.6 N/mm², and 31.8 N/mm² at 7, 14, and 28 days, respectively. When 5% of cement was replaced with a combination of RHA and GCHA, early-age strength decreased slightly to 21.8 N/mm² at 7 days and 22.8 N/mm² at 14 days, but rose to 31.8 N/mm² at 28 days, having same strength with the control. The 10% replacement mix showed a more significant reduction in early-age strength, recording 18.0 N/mm² and 21.6 N/mm² at 7 and 14 days, respectively. However, this mix achieved a strength close to the control and 5% concrete 28-day strength of 31.0 N/mm², representing a notable improvement close to the control mix. At 15% replacement, compressive strength consistently declined across all curing ages, with values of 16.6 N/mm², 19.2 N/mm², and 23.6 N/mm², indicating that excessive ash content may dilute the cementitious matrix and hinder strength development.
 These results suggest that a 5% replacement level is optimal, providing the best balance between early and later strength development. This behavior is attributed to the pozzolanic reaction between the amorphous silica in RHA and GCHA and the calcium hydroxide released during cement hydration, forming additional calcium silicate hydrate (C-S-H) gel, which enhances the microstructure and overall strength of the concrete. The delayed strength gain seen in ash-blended mixes is consistent with the characteristics of pozzolanic materials, which typically contribute more significantly to strength at later curing stages.
The outcome corroborates findings from previous studies. For example, Yusuf et al. (2020) and Ganesan et al. (2017) affirmed that rice husk ash, due to its high silica content, improves strength and durability in cementitious systems, especially when well-processed and blended with other reactive ashes. Similarly, Adekunle and Okeniyi (2018) demonstrated the positive synergy achieved through blending agro-waste materials, which enhances both performance and sustainability.

Furthermore, this study aligns with contemporary sustainability goals. Cement production contributes substantially to global carbon emissions, and partial substitution with agro-waste ash reduces the demand for clinker, thus lowering CO₂ emissions. The integration of RHA and GCHA not only reduces environmental pollution from open-field burning but also converts agricultural waste into value-added construction materials. Oti et al. (2019) noted that using agro-pozzolans in concrete could reduce embodied carbon by up to 30%, depending on dosage and processing. 
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