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Laterite soils are occasionally associated with geotechnical problems such as road 
deformation, erosion, settlement, dam seepage, slope instability, leachate permeation 
through hydraulic barriers, etc. Numerous soil improvement techniques were being 
applied to overcome these problems, including mixing the laterite soil with cements, 
limes, bitumen, chemicals, pozzolanas, etc. These additives may not be locally available 
and cheap, and could significantly increase the cost of construction. Likewise, in many 
cases, these stabilizing agents are not environmentally friendly. Different percentages 
of fines, sand and gravel in laterite soils exhibit different engineering characteristics 
and behaviour, making it difficult to obtain suitable and appropriate gradation for 
specific construction purposes. Thus, the essence of this review is to determine the 
fundamental engineering properties of laterite soil as a standalone material at 
different gradations to harness its potentiality for various construction purposes. It 
proposes step-by-step procedures on how to achieve a better soil by varying its 
gradation and moisture content. Laboratory testing in accordance with BS1377:1990 
and ASTM D698 are adopted to examine the engineering characteristics with respect 
to hydraulic conductivity, shear strength, and volumetric shrinkage. In this 
experimental technique where molding water content and compaction energy are 
carefully controlled at different laterite gradations, the engineering design is 
anticipated to provide greater accuracy, safety, and sustainability. 
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1. Introduction  
 

Selection of appropriate method to improve laterite soils to be used in construction projects is 
essential to geotechnical engineers. The use of laterite soils as material for many construction 
projects are sometimes limited by the difficulty in handling them. Some laterite soils consist of high 
plasticity clay, which may cause cracks and damage on building foundations, pavements, highways 
or other structural construction projects when dry [1]. Attempts to improve their workability with 
modifying/stabilizing agents have shown promising results. However, the application of such 
modifiers/stabilizers may be associated with environmental hazards, i.e., danger of release of heavy 
metal leachates to the aquifer [2]. It is therefore important to understand the behaviours and 
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properties of laterite soils and thus figure out a suitable method to overcome their challenges. 
Fundamentally, compaction to increase soil strength and loading capacity as well as to decrease 
settlement, shrinkage and hydraulic conductivity of laterite soil at different gradations seems to be a 
better environmental and economical choice [3]. 

 
2. Laterite Soils  

 
Chemical and physical weathering of parent rocks formed materials known as residual soils. 

These weathering processes also produce different types of clay minerals and structural 
arrangements. Mineralogy and structures play important roles on residual soils by providing the base 
for classifying residual soils into groups that are expected to have similar engineering properties. 

The term laterite refers to soil deposits in which weathering has extensively occurred resulted in 
a concentration of iron and aluminium oxides (the sesquioxides gibbsite and goethite), which act as 
cementing agents. Laterite soils are used for road subbases or bases and other engineering 
applications [4]. A soil whose ratio of iron to aluminum oxides is less than 1.33 is termed laterite soil, 
whereas a lateritic soil has a ratio between 1.33 and 2.00 [5]. Laterite soils are rich in free iron oxides. 
The free iron oxides have discrete electrochemical properties, moderately high surface energy, an 
ability to adsorb substances, and offer basic cementation in the soil. Thus, free iron oxides influence 
the soil properties [6]. 
 
3. Physical Indices and Engineering Properties  
 

Engineers extensively categorize various kinds of soils into wide-ranging groups, namely gravel, 
sand and fines. These groups are further characterized into sub-groups based on their physical indices 
and engineering properties. Classification tests to determine indices and engineering properties 
provide the engineers with valuable information on soil characteristics when the results are 
compared against empirical data [7]. 

 According to Maail et al., [7] and Head and Epps [8]; Index Properties: The principle indices used 
in geotechnical engineering include plastic limit, liquid limit, shrinkage limit and particle size 
distribution. 

Engineering Properties: The principle engineering properties used in geotechnical engineering 
are shear strength, compressibility, consolidation and settlement, and permeability of the soil. 
In this review, engineering properties with respect to hydraulic conductivity, shear strength and 
volumetric shrinkage are considered. 
 
4. Gradation  
 

Different percentages of fines, sand and gravel in laterite soils show different engineering 
characteristics and behaviours, making it difficult to obtain suitable and appropriate gradation of 
laterite soil for specific construction purposes. Moreover, some laterite soils may consist of expansive 
clay minerals which tend to cause volume changes due to changes in moisture contents leading to 
cracks and damage on building foundations, pavements, highways or any other construction projects. 

Meanwhile, some laterite soils may consist too much of coarse particles which can cause seepage 
through dams and hydraulic barriers. Attempts to improve their workability and engineering 
properties with modifying/stabilizing agents has shown promising results, although might be 
accompanied by risk of release of hazardous substances from the stabilizing agents to the 
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groundwater. It is therefore important to understand the properties and behaviors of laterite soils 
and thus figure out a suitable method to overcome their challenges. 

Soil gradation is an indicator of engineering properties such as compressibility, consolidation, 
swelling and shrinkage, hydraulic conductivity, and shear strength [9]. The distribution of diverse 
grain sizes disturbs the engineering characteristics of soils which in turn influences their usability in 
construction works [10]. The objective of particle size distribution is to group these particles into 
distinct varieties of sizes, and so examine the relation amounts, by mass, of each size variety [11]. 
Accordingly, the possible particle arrangements and stabilities of these arrangements are many. 
Therefore, any single soil can exist in many different states, each of which can be viewed as a 
somewhat different material [12]. 

Tropical residual soils grain sizes range from discrete to compound grains and to large stones [13]. 
The engineering performances of lateritic soils are shown to be controlled by clay sized particles. The 
mode of formation and mineralogical composition of parent rocks in evaluating properties peculiar 
to clay sized particles are yet to be a subject of serious research [14]. So, it is paramount to determine 
the soil minerology in order to identify the elements present and also the sizes, shapes, orientations 
and aggregation of the soil particles. 

According to Indrawan et al., [15] fine grained soils are commonly mixed to reduce their 
possibility of shrinkage and swelling. Additives such as cement, lime, bitumen, fly ash, pozzolana and 
slag have shown to suitably reduced volume change [16-23]. The additions of additives not only 
reduce shrink–swell behaviour but also modify other soil properties like shear strength and 
permeability [1,3,24-27]. Even though chemical additives are widely used, the long-term stability of 
the soil mixtures is still open to questions. 

An alternative method of soil improvement is by mixing fines with coarse grained soils. The 
effects of coarse grained soils particularly gravel on soil properties like dry density, void ratio, 
permeability and shrink–swell potential of soils were investigated by numerous researchers [15, 28-
30]. However, the effects of coarse grained materials on the properties of residual soils under 
saturated and unsaturated conditions remain unclear [15]. Addition of gravelly sand to a residual soil 
can lower shrinkage potential of soil material used as soil barrier. Meanwhile, in order to obtain a 
moderately high permeability and low shrinkage potential residual soil, medium sand can be added 
for use as subgrades of roads and pavements. 

The maximum amount of gravel that should be allowed in the soil barrier material depends on 
the steps taken to ensure that the gravel is uniformly mixed with the soil and is not segregated from 
the soil. Because construction techniques are highly variable, the maximum amount of gravel that 
should be allowed in soil barrier materials may likewise be variable [28]. 

The construction industry is experiencing rapid increase development. To have sufficient 
information and knowledge about the numerous methods of improving soils to be used in several 
construction projects is of crucial concern to geotechnical engineers. It is also economically viable to 
increase the soil resistance, strength, permeability, as well as to limit water absorption, control soil 
erosion, losing water, and soil settlement [31]. 

Considering the limited information on laterite soil gradation as stipulated by Yamusa et al., 
[32,33], this research aims to provide an insight on sustainable design method in the use of laterite 
soil as a stand-alone material when its gradation is considered in engineering constructions. The focus 
is on developing the idea on laterite soil gradation to address the engineering properties limitations 
to enhance sustainability for the benefit of future designs. Therefore, it is expected that by varying 
the gradation of laterite soil, it can provide some suitable ranges of various results. Then from these 
results an optimum value can be extracted which can be applied to relevant problem in the 
construction field. 
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5. Methodology  
 

All experimental works are to be carried out in accordance to the standard of practices. In this 
study procedures outlined in the British Standard (BS), [34] are to be used. However, in some cases 
where the experimental procedures are not covered in this standard, the American Society for 
Testing and Materials (ASTM) [35] standard is adopted. Similarly, procedures followed in similar 
research topics are also to be adopted with or without modifications where necessary. To ensure the 
reliability and reproducibility of results, calibrations of equipment and replication of tests are to be 
carried out in the experiments. Figure 1 shows the flow chart of the proposed research methodology, 
on which the explanation hereafter is based. 
 

 
Fig. 1. Proposed research flow chart 

 
5.1 Material 
 

Laterite soils will be collected from burrow pits on site at a depth of about 1.0 m below the natural 
ground surface. This is to avoid the dense organic matter contents present at surface. Then, it will be 
taken to the geotechnical laboratory for experiment. The soil sample should be air dried and sieved 
into different grades, i.e. fines (<0.063 mm), sand (0.063 mm to 2.00 mm) and gravel (>2.00 mm to 
4.75 mm). These different grades will be mixed to give reconstituted samples. 
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Laterite soil gradations to be tested can take the following formats: 
Natural laterite soil with 30% fines, 40% sand and 30% gravel. 
Reconstituted laterite soils: 
Laterite soil mixtures of 40% fines, 40% sand and 20% gravel. 
Laterite soil mixtures of 50% fines, 40% sand and 10% gravel. 
    
5.2 Methods 
 

Laboratory tests to measure the engineering properties include shear strength, hydraulic 
conductivity and volumetric shrinkage on compacted soil samples. British Standard light equivalent 
to the Standard Proctor compaction tests will be performed in accordance with the procedures 
outlined in BS 1377: Part 4: 1990 to obtain relationship between the dry densities and the moisture 
contents of the soils. After the completion of the compaction tests, the maximum dry density (MDD) 
and the optimum moisture content (OMC) for each soil gradation will be established. Subsequently, 
five different moisture contents (i.e. -4%, -2%, 0%, +2%, +4% of OMC) will be added to each soil 
gradation and compacted for engineering properties determination. 

Hydraulic conductivity tests will be conducted using falling head permeameter as recommended 
by [8]. The steps to be carried out with respect to laterite soil in its natural gradation are as follows: 
i) 3 samples of laterite soil with the moisture content equivalents to the OMC will be compacted after 
which the compacted samples will be subjected to permeability tests. 
ii) Procedures in step (i) are to be repeated with moisture contents -4%, -2%, +4% and +2% of OMC. 

The average permeability of the samples compacted at each moisture content will be calculated 
and discussed. Procedures (i) to (ii) are to be undertaken on other laterite soil gradations. The 
hydraulic conductivity procedures are in accordance with the following researchers [36-38]. 

Volumetric shrinkage determination follows similar research adopted by researchers like 

Eberemu, Osinubi et al., Bello, Daniel et al., [22,23, 39-41]. The volumetric shrinkage upon drying will 
be measured by extruding the compacted cylindrical specimens. The extruded samples will be placed 
on a laboratory bench in a uniformly constant temperature of say 26 ± 2ºC for 30 days to dry 
naturally. Vernier caliper accurate to 0.05 mm will be used to take daily measurements of the 
diameter and height of each sample. The volumetric shrinkage strain will be computed using the 
average diameters and heights. 

The procedures to be carried out with respect to laterite soil in its natural gradation are as 
follows: 

i) 3 samples of laterite soil with the moisture content equivalents to the OMC will be 
compacted after which the compacted samples will be extruded and subjected to 
volumetric shrinkage testing. 

ii) Procedures in step (i) will be repeated with moisture contents -4%, -2%, +4% and +2% of 
OMC. 

The average volumetric shrinkage of the samples compacted at each moisture content will be 
calculated and discussed. Similar procedures from (i) to (ii) will be undertaken on other laterite soil 
gradations. 

Unconfined compressive strength test will be conducted according to BS 1377: Part 7: 1990. Axial 
compression is to be applied to the soil specimen at a constant rate of deformation. Researchers like 
[42-44] used this method. The steps to be carried out with respect to laterite soil in its natural 
gradation are as follows: 
i)  3 samples of laterite soil with the moisture content equivalents to the OMC will be compacted 
after which the compacted samples will be subjected to unconfined compressive strength tests. 
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ii) Procedures in step (i) will be repeated with moisture contents-4%, -2%, +4% and +2% of OMC. 
The average unconfined compressive strength of the samples compacted at each moisture 

content will be calculated and discussed. Similar procedures from (i) to (ii) are to be undertaken on 
other laterite soil gradations. 

Micro Structural Characterizations which include analysis using X-ray diffraction (XRD), X-ray 
fluorescence (XRF) and field emission scanning electron microscope (FESEM) will be performed to 
study the soil structural fabric and its mineralogy. An insight of the dominant clay minerals will be 
obtained. This helps to understand certain behavioural phenomenon that the laterite soil exhibits. 
 
6. A Review on the Proposed Method  
 

Soil is usually placed as fill in construction, but it is necessary to compact it in order to achieve 
satisfactory engineering properties that would not be achieved when in loose state. Compaction test 
was first introduced by Proctor in the USA in 1933 known as Standard Proctor compaction test [11]. 
This is similar to the test now known as British Standard light compaction test. Environmental 
changes caused due to moisture tends to reduce the sensitivity of strength and volume change calls 
for the reason of compaction test [45]. 

Materials for waste containments are usually investigated for some number of parameters which 
are considered to be relevant to their proper functioning under service condition. The design 
parameters to be investigated are hydraulic conductivity, volumetric shrinkage and unconfined 
compressive strength of the soil [39]. Likewise, these design parameters had been adopted by many 
researchers [19, 46-50]. 

Hydraulic conductivity of soil material should have a maximum value of 1 × 10-9 m/s for hydraulic 
barriers [39, 51-53]. Hydraulic conductivity is the major factor affecting the performance of hydraulic 
barriers [54]. Soils with high permeability are considered undesirable for landfills. The infiltration of 
water through this soil is high which can cause groundwater pollution. It is desirable to use clayey 
soil that has very low permeability in order to protect the groundwater [55]. Soils that are relatively 
more plastic and have larger quantity of fines yield lower hydraulic conductivity when compacted 
wet of optimums [46,56,57]. Considering compaction on wet side of optimum and high fines content, 
this can lead to a higher volumetric shrinkage upon drying. Therefore, the range of quantity of fines 
need to be determined with corresponding coarse contents. 

The outcome of researches established that more than 4% volumetric shrinkage strain is required 
to cause substantial cracking in soil barrier [40]. Thus, the designer must ensure good control over 
ranges of water contents of the compacted soils to comply with the requirement specified by most 
regulators. Field studies have shown that compacted soil barriers (covers) undergo changes in water 
content due to seasonal differences even at substantial depth, as a result of evapotranspiration and 
precipitation [23,58]. Although low hydraulic conductivity values are obtained from soils with high 
fines contents, care must be taken to ensure lateritic soils with fines content greater than 70% are 
not used as liners or as covers because of their tendency to undergo high volumetric shrinkage [58]. 
[40] explains that it is likely to compact clayey sand to a low hydraulic conductivity and concurrently 
gets a compacted soil with negligible potential to shrink and crack when desiccated. Therefore, 
laterite soils with significant amount of sand can yield low potentiality for shrinkage. Likewise, a low 
volumetric shrinkage can be attained when the soil is compacted dry of optimum moisture content. 

Compacted soils for hydraulic barriers in waste containment facilities must have adequate 
strength to carry its self-weight and the weight of the solid waste. The required minimum strength 
of soil to be used in compacted soil liners is not specified, however Daniel et al., [40] arbitrarily 
selected a minimum unconfined compressive strength of 200 kN/m2. Such strength is considered 
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sufficiently durable in satisfying the stresses resulting from alternate wet and dry cycles [44]. The 
shear strength of compacted clayey soils depends on the density as well as water content. As 
compaction on the wet side of optimums yield lower hydraulic conductivity, care must be taken not 
to cause reduction in the shear strength. Literature has shown that the shear strength of laterite soil 
decreases with increasing molding water content [48,59]. It means that by compacting laterite soil 
on the dry side of optimum, a greater shear strength would be achieved. 

Moreover, compaction characteristics can be affected by soil gradation coupled with plasticity of 
the fines. Likewise, compactive effort and moisture content can also affect the compaction 
characteristics. Varying each of these variables influences permeability, volume change, strength and 
stress-strain characteristics of the material [45]. In this review, engineering properties with respect 
to hydraulic conductivity, shear strength and volumetric shrinkage were considered with respect to 
variation in gradation of laterite soil at different moisture content. 
  
7. Conclusions  
 

This study reviews the engineering properties of laterite soil which can be improved by varying 
its gradation at different moisture contents using compaction method. The core objective of research 
like this one is to create limits to known settings of uniform mixing of materials. The water content 
of the laterite soil is varied on the wet and dry sides of optimum to indicate suitable moisture 
conditions during compaction. Therefore, it is expected that by varying the gradation of laterite soil, 
it can provide some suitable ranges of results in terms of molding moisture content. Then from these 
results an optimum value of optimum moisture content can be extracted which can be applied to 
relevant engineering problem. By varying the laterite soils gradation coupled with controlled molding 
water contents and compaction energy, the engineering design will be unconventional with 
anticipation of greater accuracy and safety. Likewise, it should be stated that this study takes a new 
approach as a sustainable option in the geotechnical engineering studies, especially for laterite soils 
in the tropical regions of the world. 
 
Acknowledgement 
The authors are thankful to Universiti Teknologi Malaysia for the financial support under a Grant title 
of Q.J130000.2522.14H33-Development of Kenaf Geotextile for Ground Improvement. 
 
References  
[1] Yunus, Nor Zurairahetty Mohd, Yong Chin Yung, Ng Teck Wei, Norliana Abdullah, Noordiana Mashros, and 

Mariyana Aida Abdul Kadir. "Shear Strength Behaviour of Canlite-Treated Laterite Soil." Jurnal Teknologi 72, no. 3 
(2015). 

[2] Prakash, Anjali, and Emy Poulose. "Kuttanad clay amended laterite as a landfill liner for waste disposal 
facilities." International Journal of Scientific Engineering and Research (IJSER) 4 (2016): 75-78.  

[3] Yunus, N. Z. M., N. T. Wei, Y. C. Yung, A. Marto, F. Pakir, M. A. Hezmi, and R. Saari. "Effectiveness of Canlite and 
Probase Stabilized Laterite Soil Akademia Baru." Journal of Advanced Research Design 5, no. 1 (2014): 17-30.  

[4] Wesley, Laurie. "Behaviour and geotechnical properties of residual soils and allophane clays." Obras y proyectos 6 
(2009): 5-10.  

[5] Bawa, K. S. "Laterite soils and their engineering characteristics." Journal of the Soil Mechanics and Foundations 
Division 83, no. 4 (1957): 1-15.  

[6] Zhang, X. W., L. W. Kong, X. L. Cui, and S. Yin. "Occurrence characteristics of free iron oxides in soil microstructure: 
evidence from XRD, SEM and EDS." Bulletin of Engineering Geology and the Environment 75, no. 4 (2016): 1493-
1503. 

[7] Maail, Shukri, Bujang BK Huat, Suhaimi Jamaludin, G. S. Sew, and F. H. Ali. "Index, engineering properties and 
classification of tropical residual soils." Tropical Residual Soils Engineering (2004): 57-71.  



Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 16, Issue 1 (2019) 10-19 

17 
 
 

[8] Head, K.H. and R.J. Epps, Manual of soil laboratory testing, volume 2. Whittles publishing, Dunbeath, Caithness 
KW6 6EY, Scotland, UK. 2011. 

[9] Standard, A. S. T. M. "D6913-04: Standard test methods for particle size distribution (gradation) of soils using sieve 
analysis." West Conshohocken, PA: ASTM International (Accessed: 2014. http://www. astm. org/Standards/D6913. 
htm) (2009). 

[10] Omotoso, Oladele A., Olusola J. Ojo, and Emmanuel T. Adetolaju. "Engineering properties of lateritic soils around 
Dall quarry in Sango Area, Ilorin, Nigeria." Earth Science Research 1, no. 2 (2012): 71.  

[11] Head, K.H., Manual of soil laboratory testing, third edition. Whittles publishing, Dunbeath, Caithness KW6 6EY, 
Scotland, UK. 2006. 

[12] Mitchell, James K., and K. Soga. "Fundamentals of Soil Behavior 3rd ed., JohnWiley &Sons." Inc. Foundation 
failure (2005).  

[13] Fookes, Peter G., ed. "Tropical residual soils: A Geological Society Engineering Group working party revised report." 
Geological Society of London, 1997.  

[14] Adebisi, N. O., G. O. Adeyemi, O. S. Oluwafemi, and S. P. Songca. "Important properties of clay content of lateritic 
soils for engineering project." Journal of Geography and Geology 5, no. 2 (2013): 99.  

[15] Indrawan, I. G. B., Harianto Rahardjo, and Eng Choon Leong. "Effects of coarse-grained materials on properties of 
residual soil." Engineering Geology 82, no. 3 (2006): 154-164.  

[16] Latifi, Nima, Ahmad Safuan A. Rashid, Nurhan Ecemis, Mahmood Md Tahir, and Aminaton Marto. "Time-
dependent physicochemical characteristics of Malaysian residual soil stabilized with magnesium chloride 
solution." Arabian Journal of Geosciences 9, no. 1 (2016): 58.  

[17] Latifi, Nima, Ahmad Safuan A. Rashid, Aminaton Marto, and Mahmood Md Tahir. "Effect of magnesium chloride 
solution on the physico-chemical characteristics of tropical peat." Environmental earth sciences 75, no. 3 (2016): 
220.  

[18] Saing, Z., L. Samang, T. Harianto, and J. Patanduk. "Quick Lime Stabilization of Ferro Laterite Soil to Subgrade 
Material Implementation." International Journal of Science and Research 5, no. 11 (2016): 582-586.  

[19] Amadi, A. A., and A. O. Eberemu. "Characterization of Geotechnical Properties of Lateritic Soil-Bentonite Mixtures 
Relevant to Their Use as Barriar in Engineered Waste Landfills." Nigerian Journal of Technology 32, no. 1 (2013): 
93-100.  

[20] Amadi, Agapitus A. "Improvement of Barrier Soil Properties with Fly Ash to Minimize Desiccation Shrinkage." 
In International Journal of Engineering Research in Africa, vol. 7, pp. 1-11. Trans Tech Publications, 2012.  

[21] Amadi, Agapitus Ahamefule, and Adrian Oshioname Eberemu. "Delineation of compaction criteria for acceptable 
hydraulic conductivity of lateritic soil-bentonite mixtures designed as landfill liners." Environmental Earth 
Sciences 67, no. 4 (2012): 999-1006.  

[22] Eberemu, Adrian O. "Desiccation induced shrinkage of compacted tropical clay treated with rice husk ash." 
In International Journal of Engineering Research in Africa, vol. 6, pp. 45-64. Trans Tech Publications, 2011.  

[23] Osinubi, Kolawole J., and Adrian O. Eberemu. "Desiccation induced shrinkage of compacted lateritic soil treated 
with blast furnace slag." Geotechnical and Geological Engineering 28, no. 5 (2010): 537-547. 

[24] Saeed, Khitam Abdulhussein, Khairul Anuar Kassim, Hadi Nur, and Nor Zurairahetty Mohd Yunus. "Strength of lime-
cement stabilized tropical lateritic clay contaminated by heavy metals." KSCE Journal of Civil Engineering 19, no. 4 
(2015): 887-892.  

[25] Far, SY Zolfeghari, K. A. Kassim, A. Eisazadeh, and M. Khari. "An evaluation of the tropical soils subjected 
physicochemical stabilization for remote rural roads." Procedia Engineering 54 (2013): 817-826.  

[26] bin Nazir, Ir Dr Ramli, Shin To Amiri, and Khairul Anuar Kassim. "The Effect of soda ash (Na2Co3) on pH and 
compaction characteristics of malaysian laterite soil." (2013).  

[27] Kotagi, P. and N. Bacha, THE COMPARATIVE STUDY ON STRENGTH CHARACTERISTICS OF LATERITE SOIL AND BLACK 
COTTON SOIL BY USING RBI GRADE 81 SOIL STABILIZER. International Journal of Research in Engineering and 
Technology, 2016. 05(20): p. 174-178. 

[28] Shelley, Thomas L., and David E. Daniel. "Effect of gravel on hydraulic conductivity of compacted soil liners." Journal 
of Geotechnical Engineering 119, no. 1 (1993): 54-68. 

[29] SHAKOOR, ABDUL, and BRAD D. COOK. "The effect of stone content, size, and shape on the engineering properties 
of a compacted silty clay." Bulletin of the Association of Engineering Geologists 27, no. 2 (1990): 245-253.  

[30] Holtz, W.G. and C.A. Lowits, Compaction characteristics of gravelly soils. Special Technical Publication, vol. 232. 
ASTM, Philadelphia, pp. 70– 83., 1957. 

[31] Marto, Aminaton, Nima Latifi, and Houman Sohaei. "Stabilization of laterite soil using GKS soil stabilizer." Electronic 
Journal of Geotechnical Engineering 18, no. 18 (2013): 521-532.  



Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 16, Issue 1 (2019) 10-19 

18 
 
 

[32] Yamusa, Yamusa Bello, Kamarudin Ahmad, and Norhan Abd Rahman. "Hydraulic Conductivity and Volumetric 
Shrinkage Properties Review on Gradation Effect of Compacted Laterite Soil Liner." Malaysian Journal of Civil 
Engineering 29 (2017). 

[33] Yamusa, Yamusa Bello, K. Ahmad, and Norhan Abd Rahman. "Gradation Effect Review on Hydraulic Conductivity 
and Shear Strength Properties of Compacted Laterite Soil Liner." In 11th International Civil Engineering 
Postgraduate Conference-The 1st International Symposium on Expertise of Engineering Design, Malaysia. 2016.  

[34] BS1377, Methods of Testing Soil for Civil Engineering Purposes. British Standards Institute, London. 1990. 
[35] ASTM, AS. "Standard practice for classification of soils for engineering purposes." (2011).  
[36] Bello, Afeez Adefemi. "Hydraulic conductivity of three compacted reddish brown tropical soils." KSCE Journal of 

Civil Engineering 17, no. 5 (2013): 939-948.  
[37] Mosesl, G., F. O. P. Oriola, and J. O. Afolayan. "The impact of compactive effort on the long term hydraulic 

conductivity of compacted foundry sand treated with bagasse ash and permeated with municipal solid waste 
landfill leachate." Front. Geotech. Eng 2, no. 1 (2013): 7-15.  

[38] Osinubi, Kolawole ‘J., and Charles M. Nwaiwu. "Hydraulic conductivity of compacted lateritic soil." Journal of 
geotechnical and geoenvironmental engineering 131, no. 8 (2005): 1034-1041. 

[39] Bello, A. "Acceptable zone for reddish brown tropical soil as liner material." The Pacific Journal of Science and 
Technology 16 (2015).  

[40] Daniel, David E., and Yung-Kwang Wu. "Compacted clay liners and covers for arid sites." Journal of Geotechnical 
Engineering 119, no. 2 (1993): 223-237.  

[41] Bello, Adefemi Afeez. "The use of Standard Proctor for the determination of Shrinkage Properties of Reddish Brown 
Tropical soil." Leonardo Journal of Sciences 19 (2011): 57-68.  

[42] Amadi, A. A., A. O. Eberemu, and K. J. Osinubi. "Strength consideration in the use of lateritic soil stabilized with fly 
ash as liners and covers in waste landfills." In GeoCongress 2012: State of the Art and Practice in Geotechnical 
Engineering, pp. 3835-3844. 2012.  

[43] OSINUBI, Kolawole Juwonlo, and Afeez Adefemi BELLO. "Characterization Of Shear Strength Of Abandoned 
Dumpsite Soil."  

[44] Osinubi, K. J., G. Moses, F. O. P. Oriola, and A. S. Liman. "Influence of molding water content on shear strength 
characteristic of compacted cement kiln dust treated lateritic soils for liners and covers." Nigerian Journal of 
Technology 34, no. 2 (2015): 266-271. 

[45] Osinubi, K. J., A. O. Eberemu, A. O. Bello, and A. Adzegah. "Effect of fines content on the engineering properties of 
reconstituted lateritic soils in waste containment application." Nigerian Journal of Technology 31, no. 3 (2012): 
277-287.  

[46] Osinubi, Kolawole J., and Charles M. Nwaiwu. "Design of compacted lateritic soil liners and covers." Journal of 
geotechnical and geoenvironmental engineering 132, no. 2 (2006): 203-213. 

[47] Oluwapelumi, O. Ojuri. "Geotechnical characterization of some clayey soils for use as landfill liner." Journal of 
Applied Sciences and Environmental Management 19, no. 2 (2015): 211-217.  

[48] Osinubi, K. J., G. Moses, and A. S. Liman. "The influence of compactive effort on compacted lateritic soil treated 
with cement kiln dust as hydraulic barrier material." Geotechnical and Geological Engineering 33, no. 3 (2015): 
523-535.  

[49] Osinubi, K. J., and G. Moses. "Compacted foundry sand treated with bagasse ash as hydraulic barrier material." 
In Geo-Frontiers 2011: Advances in Geotechnical Engineering, pp. 915-925. 2011.  

[50] Eberemu, O. A. "Evaluation of bagasse ash treated lateritic soil as a suitable material for waste landfill barrier (liner) 
and cover." Unpublished Ph. D. Thesis. Ahmadu Bello University, Zaria (2008).  

[51] UKEA, Earthworks in landfill engineering: LFE4. Design, construction and quality assurance of earthworks in landfill 
engineering. UK Environment Agency., 2014. 

[52] MHLG, Ministry of Housing and Local Government, Criteria for Siting Sanitary Landfills: National Strategic Plan for 
Solid Waste Management, Vol. 3, Appendix 6B, Kuala Lumpur, Malaysia. 2005. 

[53] USEPA, Solid Waste Disposal Facility Criteria: Technical Manual. EPA 530-R-93-017. United States Environmental 
Protection Agency, 1-84, 1993. 

[54] Daniel, David Edwin, ed. Geotechnical practice for waste disposal. Springer Science & Business Media, 2012.  
[55] Ahmad, Siti Zubaidah, Mohd Sanusi S. Ahamad, and Mohd Suffian Yusoff. "Spatial effect of new municipal solid 

waste landfill siting using different guidelines." Waste management & research 32, no. 1 (2014): 24-33.  
[56] Benson, Craig H., and John M. Trast. "Hydraulic conductivity of thirteen compacted clays." Clays and clay 

minerals 43, no. 6 (1995): 669-681.  
[57] Benson, Craig H., Huaming Zhai, and Xiaodong Wang. "Estimating hydraulic conductivity of compacted clay 

liners." Journal of geotechnical engineering 120, no. 2 (1994): 366-387.  



Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 16, Issue 1 (2019) 10-19 

19 
 
 

[58] Osinubi, Kolawole J., and Charles MO Nwaiwu. "Desiccation-induced shrinkage in compacted lateritic 
soils." Geotechnical and Geological Engineering 26, no. 5 (2008): 603-611.  

[59] Bello, A. A. "Analysis of shear strength of compacted lateritic soils." Pac J Sci Technol 12, no. 1 (2011): 425-434. 


