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Sawdust as Partial Replacement for Sand in Block Production

ABSTRACT
[bookmark: _GoBack]Sawdust blocks present an eco-friendly alternative to traditional sandcrete blocks. Made from sawdust a by-product of the timber industry combined with binding agents such as cement, lime, or clay, sawdust blocks offer a sustainable building material option. Sandcrete blocks are widely utilised in the construction of buildings and various structures due to their strength, durability, and cost-effectiveness. Composed of a mixture of sand, cement, and water, these blocks were relatively easy to produce. The study aims to explore how sawdust will be used as a partial replacement for sand in the production of sandcrete blocks. The study used cement, fine aggregate (sand), and sawdust as materials. The study investigated the compressive strength of sandcrete block and sawdust with different percentages of sawdust replacement (10%, 15% and 20%). the block will be cured for 5, 10, and 20 days. The primary data was collected through observation of the laboratory work and testing of the samples at the materials laboratory of the Ghana Highway Department. The secondary data was gathered from document sources such as books, journals and the internet. The result revealed that that the higher the percentage of sawdust in the sample the more water-cement ratio required in the mixture. The result are analyzed and compared to the objectives of this study to find out the compressive strength, to compare the density of both samples of blocks, and the physical composition of each material, based on the observation during the moulding process and lab section of the research experiment we Identify that the higher the percentage of the sawdust in the sample the more water cement ratio required in the mixture. In conclusion, sandcrete blocks generally exhibit higher compressive strength compared to sawdust blocks. sawdust blocks, on the other hand, are often preferred for their lightweight and eco-friendly properties. They are suitable for non-load-bearing applications and can offer good insulation properties.
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INTRODUCTION
Sandcrete blocks are widely utilized in the construction of buildings and various structures due to their strength, durability, and cost-effectiveness. Composed of a mixture of sand, cement, and water, these blocks are relatively easy to produce. However, the production process heavily relies on sand, a finite resource that is being depleted at an alarming rate due to increasing construction demands and unsustainable extraction practices.
In contrast, sawdust blocks present an eco-friendly alternative to traditional sandcrete blocks. Made from sawdust a by-product of the timber industry combined with binding agents such as cement, lime, or clay, sawdust blocks offer a sustainable building material option. They are lightweight, easy to produce, and can serve as a partial substitute for sand in block production, thereby helping to mitigate the environmental impact associated with sand mining.
Both sandcrete and sawdust blocks possess unique characteristics that cater to different construction needs. In terms of compressive strength, sandcrete blocks generally outperform sawdust blocks. A comparative strength analysis reveals that sandcrete blocks are produced by mixing sand, cement, and water in specific ratios before casting into blocks. Their high compressive strength ranging from 1.75 MPa to 3.45 MPa according to Alhassan et al. (2014) is a primary reason for their widespread use in construction. Furthermore, the strength of sandcrete blocks is shown to increase with higher cement content and extended curing times.
Conversely, sawdust blocks are created by blending sawdust with cement and water in predetermined ratios. While they are recognized for their low cost and good thermal insulation properties, their compressive strength is significantly lower than that of sandcrete blocks, averaging between 0.45 MPa and 0.95 MPa as reported by El-Hussein and Ibrahim (2015). Similar to sandcrete blocks, the compressive strength of sawdust blocks improves with increased cement content and curing time.
The introduction of sandcrete blocks has transformed the construction industry, particularly in regions with abundant sand deposits. Their production has streamlined building processes and reduced overall construction costs, making home ownership more accessible. Sandcrete blocks can be manufactured both on-site and in factories, depending on project scale.
Furthermore, sandcrete blocks are environmentally friendly since they do not emit harmful gases or pollutants during either production or use. Their fire-resistant properties and ability to withstand extreme weather conditions make them suitable for construction in areas prone to natural disasters.
The longstanding use of sandcrete blocks has significantly influenced the construction industry by enhancing accessibility and affordability in home ownership. According to Ogunniyi et al. (2018), the prevalence of sandcrete blocks in many countries is attributed to their availability and cost-effectiveness, solidifying their role as a cornerstone in modern construction practices.
[bookmark: _Toc146494935]
LITERATURE REVIEW
This chapter reviews existing literature focusing on the primary components of sandcrete and sawdust blocks, their introduction into the construction industry, the types of sandcrete blocks, properties and types of sawdust, as well as the various types of aggregates used in construction.
Sandcrete Block in the Construction Industry:
Sandcrete blocks have been a fundamental component of the construction industry for many years, particularly in regions with abundant sand deposits. Their widespread use has significantly impacted construction practices, making it more accessible and affordable for individuals to own homes. According to Ogunniyi et al. (2018), sandcrete blocks are extensively utilized in Nigeria due to their availability and cost-effectiveness. The study emphasizes that the production of sandcrete blocks serves as a substantial source of employment, with numerous individuals engaged in its manufacturing and distribution.
Similarly, Adeyemi et al. (2018) highlighted the importance of sandcrete blocks in Ghana's construction sector. The research indicates that these blocks are preferred for constructing walls, partitions, and various structural elements due to their durability, strength, and affordability. The findings suggest that the reliance on sandcrete blocks contributes positively to the local economy by promoting job creation and fostering entrepreneurship within the construction industry.
Moreover, the environmental benefits of using sandcrete blocks have been emphasized in studies like those conducted by Adeyemi et al. (2018). Their research indicates that sandcrete blocks do not emit harmful gases or pollutants during production or use, positioning them as an ideal building material for sustainable construction practices. This eco-friendliness further enhances the appeal of sandcrete blocks, particularly in an era where environmental concerns are paramount.
The introduction of sandcrete blocks has transformed building construction in many countries, particularly those rich in sand resources. This building material has made construction more affordable and accessible while also promoting environmentally conscious building practices. Consequently, sandcrete blocks have become an essential material in construction worldwide.
Sawdust Blocks in the Construction Industry:
In recent years, there has been a growing interest in utilizing sawdust blocks as an alternative building material. Sawdust blocks are produced by compressing sawdust with binding agents such as cement or clay to create a solid block suitable for construction purposes. This innovative building material offers several advantages, including low cost, high insulation value, and eco-friendliness.
According to Adeyemi et al. (2018), sawdust blocks have gained traction in Ghana's construction industry as substitutes for traditional materials like concrete blocks. The study highlights that sawdust blocks possess excellent insulation properties, making them particularly suitable for buildings located in hot climates. Additionally, their lightweight nature and ease of handling make them appealing options for builders looking for efficient construction solutions.
Further supporting the environmental benefits of sawdust blocks, a study by Olusola O. Ogunniyi et al. (2018) underscores their eco-friendliness. The research indicates that sawdust blocks are derived from waste materials, thereby reducing the volume of waste that would otherwise be directed to landfills. Furthermore, the production process for sawdust blocks is less energy-intensive than that for traditional concrete materials, emphasizing their sustainability as a building option.


MATERIAL AND METHODS
The study used cement, fine aggregate (sand), and sawdust as materials. The sawdust was used as a partial replacement for sand in the production of sandcrete blocks. The study investigated the compressive strength of sandcrete block and sawdust with different percentages of sawdust replacement (10%, 15% and 20%) and the block was cured for 5, 10, and 20 days.

[bookmark: _Toc146494974][bookmark: _Toc150269655]Method of Data Collection
The data for the experiment were collected from primary and secondary sources.
The primary data was collected through observation of the laboratory work and testing of the samples at the materials laboratory of the Ghana highways department
[bookmark: _Toc146494975][bookmark: _Toc150269656]The secondary data was gathered from document sources such as books, journals and internet.

Research instrument
In order to retrieve or collect the data, observation and experimentation were used to obtain the desired information. This experiment contains the materials for this research work, which were ordinary Portland cement, fine particles of sawdust, and fine aggregates prepared for the study at hand. The mixing of the material was done manually according in a sequential process. The various samples of blocks were mixed using the (1:3) method (cement, fine aggregate, and fine particles of sawdust) using a water-cement ratio of 0.65 and molded using a 5-inch steel block moulding machine to achieve the required compaction of the blocks for the experiment. The mould dimensions were 125mm x 450mm x 225mm. After the moulding process, the blocks were removed from the mould and placed at a very suitable temperature for it to dry for the first day. The curing of the block was done by springing water on the block, and the compressive strength of each sample was to be achieved in the following ages: 7, 14, 21, days to determine the compressive strength and density of the percentages used in the research experiment.

[bookmark: _Toc150269657][bookmark: _Toc146494976]Preparation and Materials
[bookmark: _Toc150269658][bookmark: _Toc146494977]Cement
The cement type used was ordinary Portland cement (Super Cool cement), conforming to BS EN 197-1 (2000). The cement conforms to a strength of 32,5R as specified in BS EN 197-1 (2000). This type of cement is readily available on the market in Ghana and for other construction activities.
Cement is a fundamental ingredient in the production of sandcrete blocks. It plays a crucial role in providing strength, cohesion, and durability to the blocks. Here are the main purposes of cement in making sandcrete blocks:
It is worth noting that the quality of cement used in sandcrete block production is crucial. The type of cement (such as ordinary Portland cement or blended cement) and its adherence to relevant standards influence the strength and durability of the blocks. Additionally, the proper proportioning of cement in the mix, along with appropriate water-to-cement ratios, is essential to achieving the desired strength and performance of sandcrete blocks.

[bookmark: _Toc146494978][bookmark: _Toc150269659] Fine aggregates
Fine aggregates are granular materials that are commonly used in construction, typically in the production of concrete and mortar. They are smaller in size compared to coarse aggregates and consist of particles that pass through a 4.75 mm (No. 4) sieve.
The sand (fine aggregate) obtained from the block factory was pit sand, which was free from any impurities and was used throughout the moulding of the block samples.
In summary, sand is a critical component in making sandcrete blocks. It helps to provide bulk, strength, workability, and durability to the block. The quality of the sand used in the mix is essential to ensuring the quality of the block.
[bookmark: _Toc146494979][bookmark: _Toc150269660]Fine particles of sawdust
The sawdust used for the experiment was obtained from the takoradi sawmill factory and was cleaned from any unwanted materials with a very fine texture.

[bookmark: _Toc146494980][bookmark: _Toc150269661]Water
Water plays a crucial role in the production of sandcrete blocks. Sandcrete blocks are a popular building material made by mixing sand, cement, and water. Water serves several important purposes in the manufacturing process, which ultimately contributes to the strength and durability of the finished sandcrete blocks. It is important to note that the water-to-cement ratio needs to be carefully controlled to ensure the strength and durability of the sandcrete blocks. Excessive water can weaken the mixture, resulting in reduced strength, increased shrinkage, and potential cracking. On the other hand, insufficient water can lead to poor workability and inadequate hydration of cement, resulting in weaker blocks. Proper water management and adherence to recommended water-to-cement ratios are crucial for producing high-quality sandcrete blocks with the desired strength and durability. Water is required in the production of sandcrete blocks for the hydration of the cement to form uniform pastes and to lubricate the mixture for easy moulding and proper compaction of the blocks.  In this experiment, clean water was used in the mixing and curing of the block samples at the Block Factory located at Pipe Ano in the western Region of Ghana on the right side when heading towards TTI. Or at left side when heading towards Takoradi. 

[bookmark: _Toc150269662][bookmark: _Toc146494981]Curing
Curing refers to the process of allowing concrete, sandcrete, mortar, or other building materials to harden and reach their full strength and durability. The curing process helps to prevent cracking and shrinkage and ensures that the finished product meets the required specifications and standards. During curing, the concrete or other material is kept moist and at a specific temperature for a period of time, usually several days to several weeks, depending on the type and thickness of the material. This can be done using a variety of methods, such as covering the material with plastic sheeting, wetting it with water regularly, or using specialized curing compounds. Proper curing is essential for the long-term performance and durability of sandcrete and other building materials. If the curing process is not done correctly, the material can develop cracks, shrinkage, and other defects that can compromise its structural integrity.
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Water-Cement Ratio
The water-to-cement ratio refers to the ratio of the weight of water to the weight of cement used in a concrete or sandcrete mixture. It is a crucial factor in determining the strength and durability of concrete. The water-cement ratio directly affects the workability, setting time, and strength of the concrete.
The water-cement ratio is typically denoted by the symbol "w/c." It is expressed either in weight or volume. The specific water-cement ratio to be used depends on various factors, including the desired strength of concrete, exposure conditions (such as weather and environment), and the type of construction. Generally, a lower water-cement ratio leads to higher strength and durability but can result in reduced workability. Conversely, a higher water-cement ratio may increase workability but can negatively impact strength and durability. It's important to note that the water-cement ratio alone does not determine the quality of concrete. Other factors, such as aggregate quality, curing methods, and admixtures, also play significant roles.
[bookmark: _Toc146494983][bookmark: _Toc150269664]Batching.
Batching in construction refers to the process of measuring and combining the ingredients of concrete or sandcrete in the correct proportions before mixing. Proper batching is essential to ensuring the quality and consistency of the concrete produced.

[bookmark: _Toc150269665][bookmark: _Toc146494984]Test Conducted and Procedures on Fine Aggregate (Sand)
[bookmark: _Toc146494985][bookmark: _Toc150269666]Silt test
The silt test refers to the analysis of silt content in soil samples. It is an essential test performed to determine the suitability of soil for construction purposes, particularly for earthwork projects and foundation design. The presence of excessive silt can adversely affect the engineering properties of soil, such as its strength, compressibility, and permeability. The silt content is typically expressed as a percentage of the total weight of the fine aggregate.
A percentage of distilled water and a fine salt solution were filled in the measuring cylinder up to the 50-ml mark.
Now add the sand to be tested to the solution up to a mark of 150 ml. Shake the mixture of sand and both distilled water with salt well and keep it undisturbed for about 3 hours. The silt, being made of fine particles and sand, will settle above the sand in the form of a layer. We measured the thickness of the silt layer, but the percentage of silt in the natural sand should not exceed 6%. The result will be shown in the next chapter. 

[bookmark: _Toc146494986][bookmark: _Toc150269667]Sieve analysis
Sieve analysis is a test used to determine the particle size distribution of aggregates. This analysis helps assess the suitability of aggregates for different construction applications, such as concrete, asphalt, and soil. The test involves passing a sample of the aggregate through a series of sieves with progressively smaller openings, and the material retained on each sieve is weighed. In this research experiment, the type of sieve analysis used was done manually by using hands to shack the sieves arranged in a systematic order and to make sure that most of the retained particles were ground into fine aggregate to pass through the sieve.

[bookmark: _Toc146494987][bookmark: _Toc150269668]Compressive strength
The compressive strength test was carried out at the ages of 7 days, 14 days, and 21 days of curing age using a hydraulic compressive testing machine. Out of the 10 specimens moulded we took three samples from each mix proportion, which are control 0%, 10%, 15%, and 20%, and crushed them. The crushing was done at the Ghana highways laboratory. The compressive strength will then be calculated for each block sample using the equation below. The compressive and density results will be presented in chapter four in table format.
[bookmark: _Toc146494988][bookmark: _Toc150269669]Density.
The density was determined after the sample was dry, indicating the density of the block samples after 7 days, 14 days, and 21 days of curing. To determine the densities we took three samples from each specimens then calculated the for each to find the average density, the volume of the block sample was calculated. The masses of the block sample obtained from the weight test will be used to calculate the densities (p) based on the formula:
Where M = mass (g) and V = volume (mm3) of cub's sample.
[bookmark: _Toc146494989][bookmark: _Toc150269670]Batching and Mix Proportion
The batching method used in this experiment was batching by gauge, using a head pan to measure materials for the experiment and a plastic bucket to measure the volume of water needed using the digital measuring scale at the Ghana highways lab.
[bookmark: _Toc150270535][bookmark: _Toc146495002]The mix ratio was (1:3), with a water-to-cement ratio of 0.65
Table 1 Details of the mix proportion
	Samples
	constituent
	Proportion of constituent in kilogram

	
Control specimen (0 %)


	Cement
	18

	
	Sand
	58.81

	
	Water
	8.12

	(10 %) of sawdust 
sample in sandcrete blocks 

	cement
	18

	
	Sand
	41.51

	
	Sawdust as partial replacement of sand (10 %)
	0.26

	
	water
	8.12


[bookmark: _Toc146495003]
TABLE 2. Details of the mix proportion
	Samples
	constituent
	Proportion of constituent in kilograms

	[bookmark: _Hlk150509965] (15 %)
of sawdust 
sample in sandcrete blocks 


	Cement
	18

	
	Sand
	29.41

	
	Sawdust as partial replacement of sand (0 %)
	0.57

	
	Water
	8.12

	(20 %) of sawdust 
sample in sandcrete blocks 
	
cement
	
18

	
	Sand
	18.45

	
	Sawdust as partial replacement of sand (20 %)
	1.2

	
	water
	8.12






[bookmark: _Toc146494973][bookmark: _Toc150269654]RESULTS & DISCUSSION

The results are analyzed and compared to the objectives of this study to find out the compressive strength, to compare the density of both samples of blocks, and the physical composition of each material, based on the observation during the moulding process and lab section of the research experiment we Identify that the higher the percentage of the sawdust in the sample the more water cement ratio required in the mixture. Table below shows the compressive strength and density of the samples used for research work.
[bookmark: _Toc146495004][bookmark: _Toc150270536]TABLE 3. Compressive Strength and Density of Blocks Samples Results
	SAMPLES
	Force (failure) KN
	Mass in kg

	Control specimen (0%)
	7 days
	14 days
	21 days 
	7 days
	14 days
	21 days

	1
	110.00
	150.00
	110.00
	22.69
	22.10
	21.35

	2
	90.00
	180.00
	140.00
	21.59
	22.60
	21.57

	3
	100.00
	135.00
	100.00
	22.58
	22.51
	21.92

	AVERAGE COMPRESSIVE
Strength and Density  
	1.48 N/mm2
	2.20
N/mm2
	1.73
N/mm2
	1.47 kg/m3
	1.48
kg/m3
	1.42
kg/m3




[bookmark: _Toc146495005]TABLE 4. Compressive Strength and Density of Blocks Samples Results
	SAMPLES
	Force (failure) KN
	Mass in kg

	(10%) of sawdust sample
	7 days
	14 days
	21 days 
	7 days
	14 days
	21 days

	1
	10.00
	5.00
	10.00
	17.94
	18.60
	16.54

	2
	25.00
	5.00
	5.00
	17.96
	17.82
	16.81

	3
	10.00
	5.00
	10.00
	17.98
	18.33
	16.22

	Average Compressive   
Strength And Density 

	0.22
N/mm2
	0.074
N/mm2
	0.12
N/mm2
	1.18 
kg
	1.20
kg/m3
	1.06
kg/m3






TABLE 5. Compressive Strength and Density of Blocks Samples Results
	(15%) of sawdust sample
	7 days
	14 days
	21 days 
	7 days
	14 days
	21 days

	1
	5.0 0
	5.00
	5.00
	17.18
	16.86
	17.95

	2
	5.00
	10.00
	10.00
	17.56
	16.22
	18.49

	3
	5.00
	5.00
	10.00
	17.14
	16.81
	18.28

	AVERAGE Compressive   
Strength and Density 
	0.074
N/mm2
	0.01
N/mm2

	0.12
N/mm2
	 1.14
kg/m3
	1.17
kg/m3
	1.20
kg/m3



[bookmark: _Toc146495006] TABLE 6 Compressive Strength and Density of Blocks Samples Results
	SAMPLES
	Force (failure) KN
	Mass in Kg

	(20%) of sawdust sample
	7 days
	14 days
	21 days 
	7 days
	14 days
	21 days

	1
	5.0 0
	5.0 0
	5.00
	15.08
	14.33
	13.40

	2
	5.00
	5.00
	5.00
	15.31
	14.29
	13.95

	3
	5.00
	5.00
	5.00
	15.26
	14.35
	12.75

	AVERAGE Compressive  
Strength and Density
	0.074
N/mm2
	0.074
N/mm2
	0.07
N/mm2
	 3.98
kg/m3
	9.42
kg/m3
	8.70
kg/m3


Source: Laboratory Work June, 2025
Figure 1 Experiment of the Compressive Strength Test
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Figure 2 Graph presentations of the results based on the average compressive strength test of the above experiment work.
(Source: Laboratory Work June, 2025)
[bookmark: _Toc146494993]
Test And Results
[bookmark: _Toc150270537][bookmark: _Toc146495007]Table 7 Sieve analysis.
	Sieve Size
	Mass of Seive
	Mass of Sieve + Sample
	Mass of Sample
	%  Retained
	% Passing

	14
	500
	500
	0
	0.00
	100.00

	10
	518
	518
	0
	0.00
	100.00

	9.5
	515
	515
	0
	0.00
	100.00

	6.3
	520
	520
	0
	0.00
	100.00

	5
	503
	503
	0
	0.00
	100.00

	4.75
	515
	515
	0
	0.00
	100.00

	2.35
	477
	505
	28
	1.14
	98.86

	2
	467
	516
	49
	1.99
	96.87

	1.18
	435
	897
	462
	18.76
	78.12

	0.6
	411
	1212
	801
	32.52
	45.59

	0.425
	366
	910
	544
	22.09
	23.51

	0.3
	377
	364
	-13
	-0.53
	24.04

	0.15
	345
	751
	406
	16.48
	7.55

	0.063
	340
	495
	155
	6.29
	1.26

	PAN
	337
	368
	31
	1.26
	0.00

	INITIAL MASS= 2500
	
	
	
	
	



(Source: Laboratory Work June, 2025)

[bookmark: _Toc146495011][bookmark: _Toc150271137][bookmark: _Toc146494289][bookmark: _Toc146494280]Figure 3 This is a graph presentation of the sieve analysis result from the above table
(Source: Laboratory Work June 2025)

[bookmark: _Toc150269947][bookmark: _Toc146494994] Result of Silt test 
[bookmark: _Toc146495008][bookmark: _Toc150270538] In the silt test done for the pit sand was below 6% which means that the fine aggregate can be used for this experiment 
Silt test results

TABLE 8. Silt analysis
	Samples
	Initial volume of sand (Vol)
	Final volume of sand V1(Vol)
	Volume of silt
V2(Vol)
	Silt content (%)


	1
	100
	82
	6
	7.32

	2
	100
	82
	4
	4.88

	3
	100
	84
	4
	4.76

	Average
	
	
	
	5.65




 (Source: Laboratory Work June, 2025)

During the batching of materials and mixing process of the sample 0%, 10%, 15%, 20 % of sawdust samples we observed that the water cement ratio we used for the above experiment was changing due to the high absorption rate of the sawdust in the mixture, although during the curing process where the blocks, water was sprinkled over it by of ages or days of 7, 14, and 21 of curing process, during the crushing (compressive strength test) of the samples at the lab using the hydraulic crushing machine the control specimens (0%) the average strength was 1.48 N/mm2,for  7 days, 2.20 N/mm2  for 14days ,1.73  N/mm2  for 21days with the average density are for 7days 1.47 kg/m3 ,14days 1.48 kg/m3 21days 1.42 kg/m3  ,
Average compressive strength (10%) 0.22 N/mm2 for 7 days, 0.074 N/mm2 for 14days, 0.12 N/mm2 for 21days, density for 7days 1.18 kg/m3, 14 days 1.20 kg/m3, 21days 1.06 kg/m3
(15%) strength 0.074 N/mm2 for 7 days, 0.01 N/mm2 for 14 days, 0.12 N/mm2 for 21 days
Density for 7days 1.14 kg/m3, 14 days 1.17 kg/m3, 21days 1.20 kg/m3
(20%) strength 0.074 N/mm2 for 7days, 0.074 N/mm2 for 14days 0.074 N/mm2for 21days
Density for 7days 3.98 kg/m3, 14 days 9.42 kg/m3, 21days 8.80 kg/m3
[bookmark: _Toc146494996]
CONCLUSION 
From the above information and data collected comparing the compressive strength between sandcrete and sawdust blocks it was identify that based on the various strength the was variation in their strength and density test the control specimens was able to withstand the most pressure. Sandcrete blocks generally exhibit higher compressive strength compared to sawdust blocks. This is due to the use of sand and cement in the production of sandcrete blocks, which provides greater structural stability. Sawdust blocks, on the other hand, are often preferred for their lightweight and eco-friendly properties. They are suitable for non-load-bearing applications and can offer good insulation properties.

[bookmark: _Toc146494999][bookmark: _Toc150270166] Recommendations:
From the above research experiment we recommend that if there should be any further research on this work should consider adding the water absorption test and other, to add up to reduce the percentage of sawdust used in the experiment to 3% 5% 10%.
Sandcrete blocks are recommended for load-bearing applications in construction projects where structural strength is crucial. They should be used in areas requiring high durability and resistance to external forces.
Sawdust blocks are recommended for applications where weight reduction and insulation properties are important, such as in partition walls or as filler material. They are also suitable for eco-conscious building projects.
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