


EFFECT OF FLY ASH AND PALM FIBRE ON THE PROPERTIES OF COMPRESSED EARTH BLOCKS


Abstract
[bookmark: _Hlk126930875]The global population growth and escalating cost of building materials have resulted in a global housing deficit. There has also been a growing concern about environmental and ecological issues across the globe. This has necessitated continuous research and development of affordable and eco-friendly building materials for low- and middle-income earners. This research evaluated the effect of fly ash and palm fibre on the density and compressive strength of compressed earth blocks. Fly ash was used to stabilize laterite at 0%, 2.5%, 5%, 7.5% and 10% while palm fibre was fixed at 1% by weight of laterite. The blocks were cured for 28 days after which they were tested. The results obtained indicate that the addition of fly ash in the matrix increased the density and compressive strength of the blocks. The blocks produced with fly ash in the matrix meet the minimum compressive strength requirements for lateritic blocks as specified by the Nigeria Building and Road Research Institute. An optimum stabilization of laterite with 7.5% fly ash and 1% palm fibre by weight of laterite is recommended.
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Introduction
The provision of shelter is important as shelter is one of the basic needs of man. The global population growth has resulted in an increased demand for infrastructure. There has also been an escalation in building and construction materials prices. The major cost of construction is incurred on building materials and most of these building materials are cement products. The ever-rising increase in the price of cement and other construction materials has made construction far from reach to low- and middle-income group urban and rural dwellers [1]. This has made building houses expensive and challenging for low-income earners (mostly peasant farmers) across the globe especially in sub-Saharan Africa. Environmental and ecological issues due to climate change have also been at the fore in recent global discussions [2]. This has necessitated continuous research efforts to develop affordable, eco-friendly housing building materials.
Earth is the oldest known building material. More than 30% of the global population makes use of the earth for the construction of shelter. Numerous ancient buildings constructed using earth materials still stand strong and rigid. The use of earth for construction has been a common practice in most rural areas in Nigeria. Adobes and rammed earth are the common earth blocks used, with straw sometimes incorporated into the matrix. The energy crisis, environmental, and ecological issues have brought earth back to the fore as a building material after it fell out of popularity [2-4].  
Earth as a building material has numerous benefits among which are its safety, cost-effectiveness, faster and easier construction with less skilled labour required, good strength development, good acoustic and thermal properties, energy efficiency (less carbon emission and embodied energy during production), no direct environmental pollution during its life cycle, low waste generation, environmentally friendly [5,2,1,6-7,4]. 
In recent times, compressed earth blocks (CEB) have replaced the traditional earth blocks. Earth naturally lacks strength, dimensional stability and durability for building construction. These drawbacks can be overcome through the stabilization of earth by mechanical means (compaction), the addition of chemicals (such as cement, lime, bitumen, fly ash, etc.) and fibres [8]. The same applies to earth block production. The blocks produced with the addition of stabilizers have been commonly termed compressed stabilized earth blocks. CEBs are an improvement on the traditional earth block production technique as standardized procedures/quality control measures have been incorporated into their production process. 
The effect of various stabilizers on the properties of CEBs has been investigated by researchers, some of which are: cement and lime [9,3], palm fibre [10] banana fibre [11-12], sugarcane bagasse [13], coconut fibre [14], volcanic tuff [15], corn cob ash [16], clay pozzolana [17], cement and wood ash [18], cement, rice husk ash and saw dust ash [7]. The current study investigated the effect of fly ash and oil palm fibre on the properties (density and compressive strength) of CEBs.
The use of coal in power plants and industries in Nigeria and globally result in the emission of carbon dioxide (CO2) and the disposal of coal combustion products (CCP) in the environment. The emission of CO2 and disposal of these CCPs in the environment contribute to the ozone layer depletion, global warming and environmental pollution which are hazardous to humans.  Fly ash (FA) is the most widely used CCP in the construction industry due to its functional benefits such as providing substitutes for energy intensive materials and the provision of options for lower embedded carbon [19-22]. Nigeria is one of the largest producers of palm oil globally, with an estimated production of 1.4 million metric tons in the year 2022. This makes waste oil palm fibre (PF) readily available in most parts of Nigeria [23-25]. 
The use of FA and PF as construction materials would therefore lead to improved environmental waste management and profitable utilization of industrial and agricultural wastes. The current study investigated the effect of fly ash and oil palm fibre on the properties (density and compressive strength) of CEBs.
Materials and Methods
Laterite
The soil (reddish-brown laterite) used for this research was obtained from an existing borrow pit at Akpataega, Idah, Kogi State, Nigeria, at a depth of ~1.5m free from organic matter and deleterious materials. The soil index/geotechnical properties were determined in accordance with BS 1377 [26] to classify the soil. The soil test was carried out at the Soil Mechanics Laboratory, Department of Civil Engineering, The Federal Polytechnic, Idah, Kogi State. The results of the sieve analysis and the soil index/geotechnical properties are presented in Table 1 and Table 2 respectively, while Figure 1 shows the particle size distribution curve.
Table 1: Sieve analysis of the lateritic sample
	Sieve opening (mm)
	4.750
	2.000
	0.850
	0.600
	0.425
	0.250
	0.106
	0.075
	pan

	Percentage passing (%)
	99.6
	61.5
	34.7
	25.0
	12.7
	7.9
	4.9
	3.3
	-
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Figure 1: Particle size distribution curve
Table 2: Geotechnical properties of the soil
	TEST
	RESULT

	Specific gravity (%)
	2.61

	% passing BS 200 sieve (0.075mm)
	3.3

	Natural moisture content (%)
	10.8

	Maximum dry density (kg/m3)
	2066.38

	Optimum moisture content (%)
	10.6

	Condition of sample
	Air dried

	Liquid limit (%)
	29

	Plastic limit (%)
	23

	Plasticity index (%)
	6

	Coefficient of curvature
	1.98

	Coefficient of uniformity
	8.82

	USCS classification
	ML (silty and clayey fine sand)

	ASSHTO classification
	A-2-4



Fly ash
The Fly Ash used was sourced from Cinafindev Ltd., (a cement manufacturing plant) in Allo, Kogi state. The fly ash was sieved using sieve No. 200 to obtain fine particles. The colour of the fly ash is dark grey with a specific gravity of 2.6.  
Palm Fibre
The Palm fibre used for this research is the mesocarp of oil palm fruits (palm fruit bunch). It was obtained from Ogbogbo town in Idah, Kogi state. The fibre was washed with warm water to remove oil and dirt, and sun-dried before it was used. Figure 2 shows a photograph of the palm fibre used. Some of the physical and mechanical properties of the palm fibre used are presented in Table 3.
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 Figure 2: Photograph of palm fibre used
Table 3: physical and mechanical properties of palm fibre used
	Parameter
	Value 

	Length
	26-53 mm

	Radius
	0.15-90 mm

	Density
	524N/mm2

	Tensile strength
	76N/mm2

	Young’s modulus
	495N/mm2

	Elongation at break
	18



Water
Fresh, colourless, odourless and tasteless potable water that is free from injurious amounts of oils, alkalis, salts, sugar organic matter or any other substances, was used for this research.
Mixture Proportioning and Moulding of Blocks
The soil was stabilized with fly ash proportions of 0%, 2.5%, 5.0%, 7.5% and 10% by weight of laterite and a constant palm fibre proportion of 1% by weight of laterite for each mix. The palm fibre content was fixed at 1% as various researchers [10-14, 27-30] recommend an optimum fibre content ranging from 0.5% to 1%.   The mix proportion of the specimens are presented in Table 4. Block specimens of size 200 mm x 100 mm x 100 mm were moulded from the stabilized lateritic soil samples. A total of 15 blocks were moulded with three blocks for each set of mix and compaction was done in accordance with BS 1377 [26]. Mixing of the materials, moulding and compaction of the blocks was carried out manually. The freshly moulded blocks were carefully extruded in good shape on a clean, hard and flat surface after which they were left to cure under a shade for 28 days. Water was sprayed on the blocks once every morning and evening for the 28-day curing period. Figure 3 shows the freshly moulded blocks. 
Table 4: Mix proportion of the specimen
	Mix ID
	Fly Ash
(Kg/m3)
	Palm Fibre
(Kg/m3)
	Laterite
(Kg/m3)

	F1 (control)
	0
	0.125
	12.375

	F2
	0.3125
	0.125
	12.0625

	F3
	0.625
	0.125
	11.75

	F4
	0.9375
	0.125
	11.4375

	F5
	1.25
	0.125
	11.125
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Figure 3: Photograph showing freshly moulded block specimen
Results and Discussions
Density of Blocks
The density of the specimen was determined in accordance with BS EN 771-1 [31]. Three blocks from each mix ratio were selected for the test. Their volumes were calculated and weighed and then the density was calculated. 
The results of the average density of the blocks are presented in Table 4 and Figure 4 respectively. From the results obtained, it is observed that the addition of fly ash (from 2.5-10%) to the matrix led to a significant increase in the density of the blocks as compared with the control mix. This increase in the density can be attributed to the fact that fly ash has a filler and cementitious effect which reduces voids in the matrix corroborating the findings of Ahmed [32] and ACAA [21].
Table 5: Average density of compressed stabilized earth blocks
	Mix ID
	Fly Ash (%)
	Palm Fibre (%)
	Average Density (Kg/m3)
	Change in Density (%)

	F1 (control)
	0.0
	1
	1766.70
	0.00

	F2
	2.5
	1
	2023.30
	14.52

	F3
	5.0
	1
	2060.00
	16.60

	F4
	7.5
	1
	2076.70
	17.55

	F5
	10.0
	1
	2060.00
	16.60




Figure 4: Average density of compressed stabilized earth blocks
Compressive Strength
The compressive strength tests of the specimens were carried out in accordance with BS EN 771-1 [31] and BS EN 12390-4 [33]. Three samples of each of the stabilized laterite blocks were crushed in a compression testing machine with metal plates placed above and below the block (see Figure 5). The load was then placed axially and uniformly until failure occurred. The maximum failure load on the brick was measured. This load divided by the cross-sectional area of the block gave the compressive strength of the block. 
The results obtained from the compressive strength test are presented in Table 5 and Figure 6 respectively. The compressive strength of the blocks had a similar trend to the density. The addition of fly ash (from 2.5-10%) to the matrix resulted in a significant increase in the compressive strength of the blocks as compared with the control mix. The increase in the compressive strength can be attributed to the pozzolanic nature of the Fly Ash. Fly Ash present in the compressed stabilized earth block acts as a binder as it aids particle parking and reduces the void between the particles of the soil, thereby increasing the density of the blocks and leading to an increase in compressive strength corroborating the findings of Ahmed [32] and ACAA [21]. The addition of fly ash beyond 7.5% to the matrix resulted in a decrease in compressive strength.
The blocks produced with fly ash in the matrix meet the minimum compressive strength requirements of 1.65 N/mm2 for lateritic blocks as specified by the Nigeria Building and Road Research Institute [34].
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Figure 5: Specimen being tested for compression
Table 6: Average compressive strength of compressed stabilized earth blocks
	Mix ID
	Fly ash (%)
	Palm fibre (%)
	Average compressive strength (N/mm2)
	Change in Compressive Strength (%)

	F1 (control)
	0.0
	1
	1.31
	0.00

	F2
	2.5
	1
	1.71
	30.53

	F3
	5.0
	1
	2.04
	55.73

	F4
	7.5
	1
	2.34
	78.63

	F5
	10.0
	1
	2.30
	75.57


      
 
Figure 6: Average compressive strength of compressed stabilized earth blocks
Conclusion
[bookmark: _Hlk140049923]in this research, compressed earth blocks stabilized with fly ash (0-10%) and palm fibre (1%) by weight of laterite were produced and tested for their densities and compressive strengths after 28 days of curing. Mixing of the materials, moulding and compaction of the blocks was carried out manually. The addition of fly ash at 2.5%, 5%, 7.5% and 10% into the matrix resulted in a 14.52%, 16.60%, 17.55% and 16.60% density increase respectively when compared with the control mix. There was also a 30.53%, 55.73%, 78.63% and 75.57% increase in the compressive strength of the blocks when fly ash was added to the matrix at 2.5%, 5%, 7.5% and 10% respectively. All blocks produced with fly ash in their matrix meet the minimum compressive strength requirement of NBRRI. An optimum stabilization of 7.5% fly ash and 1% palm fibre by weight of laterite is recommended. 
From the findings of this research, the use of fly ash and palm fibre in the production of compressed earth blocks (CEBs) will promote the profitable utilization of agricultural and industrial wastes, help reduce the pollution caused by the disposal of these materials in the environment, improve the strength of CEBs, and promote the use of CEBs for affordable housing.
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