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 Abstracts  

Civil engineers avoid expansive clayey soils in their projects because of the issues and 

additional expenses caused by volume changes when moisture levels fluctuate. Although 

techniques exist to enhance their engineering characteristics, these methods are typically costly 

and environmentally detrimental. These factors, coupled with the increasing shortage of 

suitable construction soils, have prompted geotechnical researchers to explore recycled 

materials as soil-reinforcement additives, aiming for a more eco-friendly and economically 

viable approach. In this context, utilizing certain biowaste to improve soil engineering 

properties has emerged as an ecologically acceptable geotechnical solution. Sawdust, a globally 

abundant wood industry by-product, is one such biomaterial. This study presents findings on 

how the addition of sawdust affects the engineering properties of highly clayey soils. This study 

investigated the changes in the plasticity, specific gravity, permeability, compaction, and 

unconfined compressive strength of CH-classified clayey soil (Unified Soil Classification 

System) with varying percentages (0.0, 1.5, 3.0, 4.5, 6.0, 7.5, 9.0, and 10.5%) of oak sawdust 

(Tabebuia Rosea). The results indicate that increasing the sawdust percentage leads to 

decreased plasticity, specific gravity, maximum dry unit weight, and unconfined compressive 

strength while simultaneously increasing the optimum moisture content and permeability.  
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1. Introduction  

Expansive soils, among the most prevalent materials in the Earth’s crust, are characterized by 

significant volume changes in response to moisture fluctuations. This instability leads to 

substantial deformation and structural damage, resulting in considerable project cost overruns 

[1-3]. Modern geotechnical engineering offers various techniques for enhancing the engineering 

properties of soils [4,5]. The most common approach involves stabilization using cementing 

agents, such as cement and lime [6], which effectively reduces volumetric changes [1,7]. 

However, in recent years, there has been a growing interest in eco-friendly and cost-effective 

alternatives. These include stabilizing agents derived from natural or synthetic materials, often 

comprising industrial waste products [8,9] such as natural fibers [10,11]. This approach may be 

particularly beneficial for developing nations [12]. Current research has explored the use of 

natural materials and agricultural byproducts to improve expansive soil properties [1,10,11]. 
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Examples include rice husks [13], sugarcane bagasse [14], sisal [15], jute [16], hay [17], coconut 

shells [18], and corn [19]. This soil improvement technique is founded in concepts and principles 

initially investigated by engineer and architect Henry Vidal in 1969 [20]. 

Sawdust, a prevalent biomaterial worldwide, is the primary by product of the timber industry 

[21,22]. Its improper disposal in open-air dumps is common, leading to significant environmental 

issues owing to incineration and greenhouse gas emissions [23,24]. Utilizing sawdust to enhance 

soil engineering properties presents a viable eco-friendly alternative, as it requires less energy 

for production and application than synthetic materials [20,25]. Moreover, sawdust can undergo 

chemical reactions with water to produce compounds that may improve soil strength and 

compressibility [26]. This study examined the potential use of sawdust from Tabebuia Rosea 

wood species as an additive to enhance the engineering properties of highly plastic and expansive 

soils. 

 

2. Materials and test method 

2.1 Soil 

The expansive soil utilized in this study originated from quarries in Sincelejo, Colombia, where 

a company extracts clayey materials for manufacturing ceramic construction elements. Samples 

were collected from an open-air excavation at a depth of 2.0 meters below ground level. After 

transportation to the laboratory, the expansive clayey soil was air-dried until a constant mass was 

reached, followed by pulverization. Subsequently, the material was subjected to a series of 

laboratory tests to determine its physical and mechanical properties. The particle size distribution 

of the examined soils is shown in Fig. 1. 

 

Figure 1. Particle size distribution of expansive soil 
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Particle size analysis revealed that the material was classified as fine soil, with 85.5% of the 

particles passing through sieve No. 200 (0.075 mm). According to the unified soil classification 

system, this composition indicates a high-plasticity inorganic clay (CH). Additionally, Table 1 

presents several physical characteristics of the soil under investigation. 

Table 1. Characteristics of expansive Clay Soil 
Property Value 

Liquid limit (%) 64.04 

Plastic limit (%) 24.04 

Plasticity index (%) 40.0 

Specific gravity 2.62 

Permeability coefficient (cm/s) 2x10-7 

Maximum dry unit weight (KN/m3) 17.65 

Optimum moisture content (%) 10.2 

Unconfined compressive strength (KN/m2) 11.864 

Cohesion (KN/m2) 5.932 

Particle size distribution  

Sand (%) 14.5 

Silt (%) 67.0 

Clay (%) 18.5 

Unified Soil Classification CH 

AASHTO Classification A-7-6(40) 

2.2 Sawdust powder 

Tabebuia Rosea sawdust powder (SP) was sourced from a furniture factory sawmill in Sampues, 

Sucre Department, Colombia. This particular wood species was selected because of its 

widespread use in the furniture and handicraft industries of the region, making it readily available 

and cost-effective. The SP underwent a cleaning process using clean tap water to eliminate 

excess dust and potentially soluble contaminants, followed by air drying at ambient temperature 

until a stable mass was reached. The research utilized only particles smaller than the 2.0 mm 

opening of sieve No. 10. The wood species employed in this study and their particle size 

distributions are shown in Fig. 2. 

 

Figure 2. Oak Tree (Tabebuia Rosea), Oak SP and particle size distribution of Oak SD 
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The physical properties of the oak sawdust used in this study are presented in Table 2, which 

displays the measured values for the various characteristics. 

Table 2. Physical properties of Oak Sawdust Powder 
Items Sawdust Powder 

Particle size <2.0mm  

Bulk density (g/cm3) 0.22 

Specific gravity 

Natural moisture content (%) 

Colour 

1.15 

8.25 

Light brown 

2.3 Preparation samples 

Before conducting various laboratory experiments (including Atterberg limits, specific gravity, 

compaction, permeability, and unconfined compressive strength), samples were prepared by 

incorporating different amounts of oak sawdust powder into dry expansive soil. The quantities 

used were 0, 1.5, 3.0, 4.5, 6.0, 7.5, 9.0, and 10.5% of the dry weight of the soil (Table 3). 

Table 3. Mixtures of expansive soil and Oak Sawdust Powder 
Samples Expansive soil (%) Oak Sawdust Powder (%) Total (%) 

M1 100.0 - 100 

M2 98.5 1.5 100 

M3 97.0 3.0 100 

M4 95.5 4.5 100 

M5 94.0 6.0 100 

M6 92.5 7.5 100 

M7 91.0 9.0 100 

M8 89.5 10.5 100 

For the permeability and unconfined compressive strength tests, various dry mixtures were 

combined with water at the optimum moisture content, as determined by the compaction test, to 

achieve maximum densification. The blending of soil, sawdust, and water was performed 

manually to ensure uniform mixing for each experiment. Care was taken to maintain consistency 

throughout the mixing process. 

 

3 Results and discussion 

3.1 Chemical and mineralogical composition  

X-ray diffraction analysis was used to determine the chemical composition of the soil. Table 4 

presents the results of the analysis ended. 

Table 4. Mineralogical and Chemical Composition of the clay Soil 
  Values 

Chemical Composition (%) SiO2 70.45 

Al2O3 14.35 

 Fe2O3 8.6 

 CaO  0.9 

 MgO 0.4 

 K2O 1.6 

 Na2O 2.5 

 LOI 1.2 
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Mineralogical Composition (%) Kaolinite 27.5 

Quartz 23.6 

 Mica 42.1 

 Rutile 4.5 

 Hematite 2.3 

Analysis of the collected data revealed that the primary oxide components of the soil were silica 

(SiO2) and alumina (Al2O3), with mica, kaolinite, and quartz being the dominant mineral 

constituents. 

3.2 Effect of Sawdust powder on the Consistency Limits of the Soil 

Figure 3 demonstrates how the Atterberg limits of clayey soil change with the introduction of 

sawdust. The graph reveals that, as the percentage of sawdust increased, the plasticity of the soil 

(measured by the Plasticity Index) decreased. Additionally, the figure shows that both the liquid 

and plastic limits of the soil decreased as more sawdust was added to the mixture. 

 

Figure 3. Variation of Atterberg limits of the clay with sawdust 

3.3 Effect of Sawdust powder on specific gravity 

Figure 4 demonstrates the relationship between the addition of sawdust and the specific gravity 

of the clay. The graph indicates an inverse correlation, in which the specific gravity of the soil 

diminishes as the percentage of sawdust increases.   
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Figure 4. Variation of specific Gravity of the clay with sawdust 

This trend can be attributed to the difference in the specific gravity between the two materials. 

Oak sawdust has a specific gravity of 1.15, whereas soil has a higher value of 2.62. Consequently, 

when sawdust partially substitutes for soil, the resulting mixture exhibits a lower specific gravity 

than the original soil composition. 

3.4 Effect of Sawdust powder on the Modified Proctor Test (compaction) 

Figure 5 illustrates how the soil characteristics changed during compaction and when the sawdust 

powder was introduced. The graph depicts the relationship between the optimum moisture 

content (OMC) and maximum dry unit weight (MDUW) of the soil. As the proportion of sawdust 

powder increased, the data revealed a corresponding increase in the OMC of the soil, while 

simultaneously showing a decrease in its MDUW. 

 

Figure 5. Variation of the compaction characteristics of the clay with sawdust 

The greater amount of water required for optimal material compaction is attributed to the sawdust 

powder absorption of some of the added water. This requires more water for particle movement. 

The reduction in the dry unit weight of the soil when sawdust powder was added was primarily 

due to the lower specific gravity of sawdust compared to clay soil particles. Consequently, 
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substituting a portion of the soil with lighter material results in a decreased dry unit weight of 

the combined mixture. 

3.5 Effect of Sawdust powder on the unconfined strength of the soil  

Figure 6 illustrates how the unconfined compressive strength of clay changes when sawdust 

powder is incorporated. 

 

Figure 6. Variation of the UCS of the clay with sawdust 

The findings indicate that the unconfined compressive strength (UCS) of the soil rises as the 

proportion of sawdust increases, starting from 11.864 kN/m2 for soil without fibers and reaching 

16.4 kN/m2 with a 6.0% sawdust addition. Nevertheless, beyond this point, the UCS begins to 

decline, dropping to 11.1 kN/m2 when the sawdust content reaches 10.5%. The initial UCS 

improvement can be explained by the coarse texture of sawdust, which enhances the friction 

between the soil particles. However, when the sawdust content surpassed 6.0%, it began to 

displace clay particles, thereby reducing the cohesion between the remaining clay particles and 

sawdust. 

3.6 Influence of Sawdust on the Permeability of the Soil 

Figure 7 illustrates how the permeability of the clay changes as the proportion of sawdust 

increases. 
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Figure 7. Variation of the permeability of the clay with sawdust 

The research indicated that samples with higher concentrations of sawdust exhibited increased 

permeability, allowing water to pass through the soil-fiber mixture more easily. This 

phenomenon can be primarily explained by the expansion of permeable spaces between the soil 

particles as the proportion of sawdust increases. 

 

4 Conclusions 

Although the practice of reinforcing soil with fibers is not new, recent years have seen increased 

interest in researching and applying this technique for engineering purposes. This surge in 

attention is primarily due to the significant environmental impact of the growing volume of 

industrial waste fibers and their improper disposal.  

Sawdust, a type of biowaste, possesses physical and mechanical properties comparable to those 

of many synthetic materials. This similarity suggests its potential use in various aspects of 

geotechnical engineering, such as in enhancing soil engineering properties. This study used oak 

sawdust as a stabilizing agent for expansive clay soil. The researchers analyzed the Effects of 

varying fiber addition percentages (0.0, 1.5, 3.0, 4.5, 6.0, 7.5, 9.5, and 10.5%) on the soil.  

As the proportion of sawdust increases, the plasticity, specific gravity, and maximum dry unit 

weight (MDUW) of the soil decrease, while its optimum moisture content (OMC) and 

permeability increase. The unconfined compressive strength (USC) initially increased with 

increasing sawdust percentage, peaking at 6.0% addition, after which it declined with further 

fiber addition. These findings suggest that small amounts of sawdust fibers positively impact the 

soil bearing capacity, indicating that this bio-waste can enhance the geotechnical properties of 

clayey soils in terms of resistance. This effect can be attributed to the rough surface texture of 

the fiber, which increases the friction in the soil-fiber composite, thereby improving its strength. 
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Utilizing oak sawdust, a waste material, for soil stabilization may reduce costs due to its high 

availability and low price. The primary components of sawdust, lignin, and cellulose are 

environmentally benign. Although lignocellulosic fibers lack inherent cementing properties, they 

undergo chemical reactions when exposed to moisture, producing compounds that contribute to 

increased soil resistance. 
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