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Abstract: Soil stabilization known as the process of improving the engineering properties of soils is a method applied when the 

engineering properties of soil are not suitable for purpose. There are several methods of soil stabilization that could be implemented to 

improve the physical characteristics of the soil. In this study, the pine tree sawdust as an organic material wase used as additive 

material for stabilization of clayey soils and the influence of pine tree sawdust on the geotechnical properties of clayey soil was 

investigated in terms of strength behaviors. The pine tree sawdust is an organic waste resulting from the mechanical milling or 

processing of timber (wood) into various standard shapes and useable sizes. The strength properties of the clayey soil when blended 

with pine tree sawdust indicates that the pine tree sawdust is a good stabilization material for this problematic soil.  As a result, it is 

concluded that the pine tree sawdust material as an organic material can be successfully used for the reinforce of clayey soils in the 

geotechnical applications. 
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1. INTRODUCTION 
The soil is one of the oldest and perhaps most complex 

geological materials that humanity has been working on. 

Various problems have begun to be encountered by using the 

expansive soil as foundation or material. The expansive soil 

changes in volume in relation to changes in water content. 

This occurs as swelling upon wetting, and shrinkage upon 

drying. These soils have poor volume stability in the presence 

of water (Jones and Jefferson, 2012; Li et al., 2014). These 

soils have a problem worldwide undergoing considerable 

volume changes such as swelling on absorbing water and 

shrinking on evaporation.  

Moreover, moisture fluctuations of them cause distinct 

changes in soil strength (Fredlund and Rahardjo, 1993; Sheng 

et al., 2008; Phanikumar, 2009; Lin, and Cerato, 2012; Pooni 

et al., 2019). Such soils should generally be avoided for the 

purpose of construction. Because, the structural damages of 

constructures built on expansive soils is well documented in 

literature (Petry and Little, 2002; Fall and Sarr, 2007; Kalkan 

and Bayraktutan, 2008; Ozer et al., 2011; Jones and Jefferson, 

2012; Tiwari et al., 2012; Kalkan et al., 2019; James, 2020; 

Yarbaşı and Kalkan, 2020). Also, the damage to lightly loaded 

structures founded on expansive soils has been widely 

reported (Cameron et al., 1987; Walsh and Cameron, 1997; 

Fityus et al., 2004; Delaney et al., 2005; Miao et al., 2012; Li 

et al., 2014; Kalkan et al., 2020).  

When the mechanical qualities of expansive soils are lower 

than those required, stabilization can be an option to improve 

performance, notably in enhancing its strength. Improvement 

of certain desired properties like bearing capacity, shear 

strength and permeability characteristics of soil can be 

undertaken by a variety of ground (Kalkan, 2013). The soil 

improvement techniques can be divided into four main 

categories. These categories are soil improvement without 

admixtures, soil improvement with admixtures or inclusions, 

soil improvement using stabilization with additives and 

grouting methods and soil improvement using thermal 

methods (Chu et al., 2009; Manar et al., 2015). 

There are various methods of stabilization including either 

mechanical stabilization or chemical stabilization. Mechanical 

techniques densify the soil expelling air from the voids.  

Chemical techniques incorporate additives that improve the 

properties of problematic soils and the chemical stabilizers are 

characterized as traditional and non-traditional additives.  

Traditional stabilizers include calcium-based stabilizers such 

as lime and cement (Tingle et al., 2007; Pooni et al., 2019). 

Several soil stabilization methods are available for 

stabilization of expansive clayey soils. These methods include 

the use of chemical additives, rewetting, soil replacement, 

compaction control, moisture control, surcharge loading, and 

thermal methods (Chen, 1988; Nelson and Miller, 1992; Yong 

and Ouhadi, 2007). Many investigators have studied natural, 

fabricated, and by-product materials and their use as additives 

for the stabilization of clayey soils.  

All these methods may have the disadvantages of being 

ineffective and expensive. Therefore, new methods are still 

being researched to increase the strength properties and to 

reduce the swell potential of expansive soils (Akbulut et al., 

2007; Al-Rawas et al., 2005; Asavasipit et al., 2001; Bell, 

1996; Cetin et al., 2006; Guney et al., 2007; Kalkan and 

Akbulut, 2004; Kolias et al., 2005; Miller and Azad, 2000; 

Moavenian and Yasrobi, 2008; Prabakar et al., 2003; Puppala 

and Musenda, 2002; Senol et al., 2006; Sezer et al., 2006; 

Mohamedgread et al., 2019; Yarbaşı and Kalkan, 2019; 

Kalkan, 2020). 

In this study, the pine tree sawdust as an organic material was 

used as additive material to stabilize the clayey soils. These 

soils were evaluated in an attempt to develop alternative 

stabilization material with high compressive strength for 

geotechnical applications. Also, obtained engineering 

properties of stabilized clayey soil samples with pine tree 

sawdust were presented and discussed.  
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2. MATERİLA and METHODS 

2.1. Clayey Soil Material 
The clayey soil material was supplied from the clayey soil 

deposits of Oltu-Narman sedimentary basin, Erzurum, NE 

Turkey. The clayey soil samples were taken 0,75 m deep. 

According to the United Soil Classification System, clayey 

soil are inorganic clays of high plasticity (CH). These soils 

have high expansion potential as a result of over 

consolidation, high-very high plasticity and montmorillonite 

content (Kalkan, 2003; Kalkan and Bayraktutan, 2008). The 

grain-size distribution of clayey soil was given in Figure 1.  

2.2. Pine Tree Sawdust  
Wood cutting factories, generates a by-product known as 

sawdust. The pine tree sawdust waste material was obtained 

from the carpenters in the industrial zone of Oltu (Erzurum), 

NE Turkey. The pine tree sawdust is an organic waste 

resulting from the mechanical milling or processing of timber 

(wood) into various standard shapes and useable sizes. 

Consisting of soil-like particulate materials that are lighter 

than soil, sawdust inexpensive and environmentally safe (Rao 

et al., 2012; Oyedepo et al., 2014). The grain-size distribution 

of the pine tree sawdust waste material was illustrated in the 

Figure 1. 

 

 
 

Figure 1. The grain-size distributions of clayey soil and pine 
tree sawdust 

 

2.3. Preparation of the Samples 
The clayey soil and pine tree sawdust were mixed under dry 

conditions to prepare mixtures of clayey soil-pine tree 

sawdust. The amounts of pine tree sawdust were selected to 

be 0,5%, 1% and 1,5 % of the total dry weight of the mixtures 

(Table 1). The dry mixtures were mixed with the required 

amount of water recognized to give the optimum water 

content. All mixing was done manually and proper care was 

taken to prepare homogeneous mixtures at each stage. 

2.4. Unconfined Compression Test  
The UCS values of clayey soils and stabilized clayey soil 

samples with pine tree sawdust were determined from the 

unconfined compression tests in accordance with ASTM D 

2166. The unconfined compression test was carried out on the 

cylindrical samples compacted at optimum moisture content. 

The samples of unconfined compression tests had 35 mm in 

diameter by 70 mm in length. During the tests, at least three 

samples were tried for each combination of variables. In this 

study, three cylindrical samples were prepared and tested for 

each combination of mixtures. The unconfined compression 

tests were performed at a deformation rate of 0,8 mm/min.  

 

Table 1. Clayey soil and pine tree rates of samples 

Samples Clayey soil Pine tree sawdust Total 

SMP0 100 - 100 

SMP1 99,5 0,5 100 

SMP2 99,0 1,0 100 

SMP3 98,5 1,5 100 

 

3. Results and Discussion 

3.1 Compaction Properties 
The maximum dry unit weight in various clayey soil-pine tree 

sawdust mixture sample decreases with an increase in the 

percentage of pine tree sawdust contents, while the optimum 

moisture content increases. On the mixing the clayey soil with 

0,5%, 1% and 1,5% pine tree sawdust, the maximum dry unit 

weight of mixtures decreased and the optimum moisture 

content increased. Similar results were reported by Okagbue 

(2007), Rao et al. (2012) and Shawl et al. (2017). 

3.2 Effects of Pine Tree Sawdust on the 

Unconfined Compressive Strength 
The effect of pine tree sawdust organic waste material on the 

unconfined compressive strength values of clayey soil was 

investigated by carrying out the unconfined compression tests 

under laboratory conditions. The tests were repeated for 

different contents of the pine tree sawdust and the changes in 

strength behaviors of stabilized clayey soil samples were 

examined. Also, the samples were cured for 1, 7, 28 and 90 

days of curing periods. The results obtained from the 

experimental studies showed that the pine tree sawdust 

organic waste material improves the strength behavior of 

clayey soils and their unconfined compressive strength values 

increased with the addition of the pine tree sawdust organic 

waste additive (Figure 2).  

 

 
 

Figure 2. Change in the strength behavior of the samples with 

pine tree sawdust 

 

At the same time, it was observed that the curing period 

played an important role on the strength behaviors of 

stabilized clayey soil samples with pine tree sawdust additive 

and the unconfined compressive strength values increased 

with the increasing curing period. Similar results were 

http://www.ijsea.com/


International Journal of Science and Engineering Applications 

Volume 9-Issue 11, 129 - 132, 2020, ISSN:- 2319 - 7560 

www.ijsea.com  131 

reported by Udoeyo and Dashibil (2002), Okagbue (2007), 

Okunade (2008), Mageswari and Vidivelli (2009) and 

Oyedepo et al. (2014). At the stabilization studies, it was 

observed that the maximum increase in the unconfined 

compressive strength was obtained with the 0.5% content of 

fine tree sawdust. Also, 90 days of curing period was the best 

time interval for the maximum unconfined compressive 

strength values of stabilized clayey soils.   

4. CONCLUSIONS 
In this study, the pine tree sawdust as an organic material was 

used as additive material to stabilize the clayey soils. The 

obtained results for different pine tree sawdust contents under 

different curing period were discussed. In all cases, the 

addition of pine tree sawdust to the clayey soils the maximum 

dry unit weight decreased and the optimum moisture content 

increased in the stabilized clayey soil samples. The 

unconfined compressive strength values of stabilized clayey 

soil samples with the pine tree sawdust increased due to the 

increase of the pine tree sawdust content. This increased 

strength contributed to the 0,5% the pine tree sawdust rate. As 

a result, the pine tree sawdust waste material can be used to 

improve the geotechnical properties of clayey soils in terms of 

strength behavior. In addition, the pine tree sawdust waste 

material can potentially reduce stabilization costs by utilizing 

wastes in a cost-effective manner.   

5. REFERENCES 
[1] Akbulut, S., Arasan, S., Kalkan, E., 2007. Modification 

of clayey soils using scrap tire rubber and synthetic 

fibers. Applied Clay Science 38, 23-32. 

[2] Al-Rawas, A.A., Hago, A.W., Al-Sarmi, 2005. Effect of 

lime, cement and sarooj (artificial pozzolan) on the 

swelling potential of an expansive soil from Oman. 

Building and Environment 40, 681-687. 

[3] Asavasipit, S., Nanthamontry, W., Polprasert, C., 2001.  

Influence of condensed silica fume on the properties of 

cement based solidified wastes. Cement and Concrete 

Research 31, 1147-1152. 

[4] Bell, F.G., 1993. Engineering Treatment of Soils, 

Published by E and FN Spon, an Imprint of Chapmen 

and Hall. Boundary Row, London. 

[5] Cetin, H., Fener, M., Gunaydin, O., 2006. Geotechnical 

properties of tire-cohesive clayey soil mixtures as a fill 

material. Engineering Geology 88, 110-120. 

[6] Cameron, D.A., Walsh, P.F., Richards, B.G., 1987. 

Australian approach to the problem of expansive soils. 

In: Proccedings of 9th Regional Conference for Africa on 

Soil Mechanics and Foundation Engineering, Lagos, p. 

977-989. 

[7] Chen, F.H., 1988. Foundations on Expansive Soils. 

Elsevier, Amsterdam. 

[8] Chu, J., Varaskin, S., Klotz, U., Mengé, P., 

2009.Construction Processes, Proceedings of the 17th 

International Conference on Soil Mechanics and 

Geotechnical Engineering, 5-9 October 2009, 

Alexandria, Egypt, M. Hamza et al. (Eds.), IOS Press, 

Amsterdam, Vol. 4, pp. 3006-3135. 

[9] Delaney, M.G., Li, J., Fityus, S.G., 2005. Field 

monitoring of expansive soil behaviour in the newcastle-

hunter region. Australian Geomechanics Journal, 6 (2), 

3-14. 

[10] Fall, M., Sarr, A.M., 2007. Geotechnical characterization 

of expansive soils and their implications in ground 

movements in Dakar. Bulletin of Engineering Geology 

and the Environment 66 (3), 279-288. 

[11] Fityus, S.G., Smith, D.W., Allman, M.A., 2004. An 

expansive soil test site near Newcastle. ASCE Journal of 

Geotechnical and Geoenvironmental Engineering 130 

(7), 686-695. 

[12] Fredlund, D.G., Rahardjo, H., 1993. Soil mechanics for 

unsaturated soils. United States of America: John Wiley 

& Sons. 

[13] Guney, Y., Sari, D., Cetin, M., Tuncan, M., 2007. Impact 

of cyclic wetting-drying on swelling behavior of lime-

stabilized soil.  Building and Environment 42, 681-688. 

[14] James, J., 2020. Sugarcane press mud modification of 

expansive soil stabilized at optimum lime content: 

Strength, mineralogy and microstructural investigation. 

Journal of Rock Mechanics and Geotechnical 

Engineering 12, 395-402. 

[15] Jones, L.D., Jefferson, I.F., 2012. Expansive soils. In 

book: ICE Manual of Geotechnical Engineering. Volume 

1, Geotechnical Engineering Principles, Problematic 

Soils and Site Investigation. Chapter: Expansive Soils, 

Publisher: ICE Publishing, Editors: J. Burland, pp. 413-

441. 

[16] Kalkan, E., 2003. The improvement of geotechnical 

properties of Oltu (Erzurum) clayey deposits for using 

them as barriers. PhD Thesis (in Turkish), Ataturk 

University, Graduate School of Natural and Applied 

Science, Erzurum, Turkey. 

[17] Kalkan, E., 2013. Preparation of scrap tires rubber fiber-

silica fume mixtures for modification of clayey soils. 

Applied Clay Science 80-81, 117-125. 

[18] Kalkan, E., 2020. A Review on the Microbial Induced 

Carbonate Precipitation (MICP) for Soil Stabilization. 

International Journal of Earth Sciences Knowledge and 

Applications 2(1), 38-47. 

[19] Kalkan, E., Akbulut, S., 2004. The positive effects of 

silica fume on the permeability, swelling pressure and 

compressive strength of natural clay liners. Engineering 

Geology 73 (1-2), 145-156. 

[20] Kalkan, E., Bayraktutan, M.S., 2008. Geotechnical 

evaluation of Turkish clay deposits: a case study in 

Northern Turkey. Environmental Geology 55, 937-950. 

[21] Kalkan, E., Yarbaşı, N., Bilici, Ö., 2019. Strength 

performance of stabilized clayey soils with quartzite 

material. International Journal of Earth Sciences 

Knowledge and Applications 1 (1), 1-5. 

[22] Kalkan, E., Yarbaşı, N., Bilici, Ö., 2020. The Effects of 

Quartzite on the Swelling Behaviors of Compacted 

Clayey Soils. International Journal of Earth Sciences 

Knowledge and Applications 2(2), 92-101. 

[23] Kolias, S., Kasselouri-Rigopoulou, V., Karahalios, A., 

2005. Stabilization of clayey soils with high calcium fly 

ash and cement. Cement and Concrete Composites 27, 

301-313. 

[24] Li, J., Cameron, D.A., Ren, G., 2014. Case study and 

back analysis of a residential building damaged by 

expansive soils. Computers and Geotechnics 56, 89-99. 

[25] Lin, B., Cerato, A., 2012. Investigation on soil-water 

characteristic curves of untreated and stabilized highly 

clayey expansive soils. Geotechnical and Geological 

Engineering 30 (4), 803-812. 

http://www.ijsea.com/


International Journal of Science and Engineering Applications 

Volume 9-Issue 11, 129 - 132, 2020, ISSN:- 2319 - 7560 

www.ijsea.com  132 

[26] Mageswari, M., Vidivelli, B., 2009. The use of sawdust 

ash as fıne aggregate replacement ın concrete. Journal of 

Environmental Research and Development 3 (3), 720-

726. 

[27] Manar, G., Hesham, B., Tareq, M., 2015. Soil 

Improvement Techniques. International Journal of 

Scientific & Engineering Research 6 (12), 217-222. 

[28] Miao, L., Wang, F., Cui, Y., Shi, S.B., 2012. Hydraulic 

characteristics, strength of cyclic wetting-drying and 

constitutive model of expansive soils. In: Proccedings of 

4th International Conference on Problematic Soils, 

Wuhan, China, p. 303-322. 

[29] Miller, G.A., Azad, S., 2000. Influence of soil type on 

stabilization with cement kiln dust. Construction and 

Building Materials 14, 89-97. 

[30] Moavenian, M.H., Yasrobi, S.S., 2008. Volume change 

behavior of compacted clay due to organic liquids as 

permeant. Applied Clay Science 39, 60-71. 

[31] Mohamedgread, F., Yarbaşi, N., Kalkan, E., 2019. 

Reinforce in Engineering Properties of Clayey Soils 

Using Cigarette Butts and Marble Dust. European 

Journal of Advances in Engineering and Technology 6 

(8), 31-37. 

[32] Nelson, J.D., Miller, D.J., 1992. Expansive Soils: 

Problems and Practice in Foundation and Pavement 

Engineering. John Wiley and Sons, Inc., New York. 

[33] Okagbue, C.O., 2007. Stabilization of Clay Using 

Woodash. Journal of Materials in Civil Engineering 19 

(1), 14-18. 

[34] Okunade, E.A., 2008. The Effect of Wood Ash and 

Sawdust Admixtures on the Engineering Properties of a 

Burnt Laterite-Clay Bricks. Journal of Applied Sciences 

8 (6), 1042-1048. 

[35] Oyedepo, O.J, Oluwajana, S.D., Akande, S.P., 2014. 

Investigation of Properties of Concrete Using Sawdust as 

Partial Replacement for Sand. Civil and Environmental 

Research 6 (2), 35-42. 

[36] Ozer, M., Ulusay, R., Isik, N.S., 2011. Evaluation of 

damage to light structures erected on a fill material rich 

in expansive soil. Bulletin of Engineering Geology and 

the Environment 71 (7), 1-33. 

[37] Petry, T.M., Little, D.N., 2002. Review of stabilization 

of clays and expansive soils in pavements and lightly 

loaded structures e history, practice, and future. Journal 

of Materials in Civil Engineering 14(6), 447-460. 

[38] Phanikumar, B.R., 2009. Effect of lime and fly ash on 

swell, consolidation and shear strength characteristics of 

expansive clays: a comparative study. Journal 

Geomechanics and Geoengineering 4 (2), 175-181. 

[39] Pooni, J., Giustozzia, F., Roberta, D., Setungea, S., 

O'Donnellb, B., 2019. Durability of enzyme stabilized 

expansive soil in road pavements subjected to moisture 

degradation. Transportation Geotechnics 21, 100225. 

[40] Prabakar, J., Dendorkar, N., Morchhale, R.K., 2003. 

Influence of fly ash on strength behavior of typical soils. 

Construction and Building Materials 18, 263-267. 

[41] Puppala, A.J., Musenda, C., 2002. Effects of fiber 

reinforcement on strength and volume change in 

expansive soils Paper No: 00-0716 Transportation 

Research Record 134-140. 

[42] Rao, D.K., Anusha, M., Pranav, P.R.T., Venkatesh, G., 

2012. A laboratory study on the stabilization of marine 

clay using saw dust and lime. Internatıonal Journal of 

Engıneerıng Science and Advanced Technology 2 (4), 

851-862. 

[43] Senol, A., Edil, T.B., Bin-Shafique, M., 2006. Soft 

subgrades' stabilization by using various fly ashes. 

Resources, Conservation and Recycling 46, 365-376. 

[44] Sezer, A., Inan, G., Yilmaz, H.R., Ramyar, K., 

2006.Utilization of a very high lime fly ash for 

improvement of Izmir clay. Building and Environment 

41, 150-155. 

[45] Shawl, Z.Z., Parkash, E.V., Kumar, E.V., 2017. Use of 

lime and sawdust ash in soil stablization. International 

Journal of Innovative Research in Science, Engineering 

and Technology 6 (2), 1682-1689. 

[46] Sheng, D., Gens, A., Fredlund, D.G., Sloan, S.W., 2008. 

Unsaturated soils: From constitutive modelling to 

numerical algorithms. Computer and Geotechnics 35 (6), 

810-824. 

[47] Tingle, J., Newman, J., Larson, S., Weis, C., Rushing, J., 

2007. Stabilization mechanisms of nontraditional 

additives. Transportation Research Record 989-2 (1), 59-

67. 

[48] Tiwari, K., Khandelwal, S., Jatale, A., 2012. 

Performance, problems and remedial measures for the 

structures constructed on expansive soil in Malwa region. 

International Journal of Emerging Technology and 

Advanced Engineering 2 (12), 626-631. 

[49] Udoeyo, F.F., Dashibil, P.U., 2002. Sawdust Ash as 

Concrete Material. Journal of Materials in Civil 

Engineering 14 (2), 173-176. 

[50] Walsh, P.F, Cameron DA., 1997. The design of 

residential slabs and footings. Standards Australia, SAA 

HB28-1997. 

[51] Yarbaşı, N., Kalkan E., 2019. The Stabilization of Sandy 

Soils by Using the Plastic Bottle Waste. International 

Journal of Advance Engineering and Research 

Development 6 (11), 140-144. 

[52] Yarbaşı, N., Kalkan, E., 2020. The Mechanical 

Performance of Clayey Soils Reinforced with Waste PET 

Fibers. International Journal of Earth Sciences 

Knowledge and Applications 2 (1), 19-26. 

[53] Yong, R.N., Ouhadi, V.R., 2007. Experimental study on 

instability of bases on natural and lime/cement-stabilized 

clayey soils.  Applied Clay Science 35, 238-249. 

 

 

http://www.ijsea.com/

