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ABSTRACT: Classification, compaction, CBR and hydraulic tests were undertaken on soil samples obtained 

from two borrow pits in Ado Ekiti, Nigeria. Classification using the BS 5930 indicated soil A as clay with a high 

plasticity and soil B as silt with a low plasticity. Similarly, AASTHO classification indicated soil A as soil type 

A-7-5 and soil B as A-4. The soils were stabilised with 2.5%, 5%, 7.5% and 10% cement respectively. The 

maximum dry density and CBR of the stabilised soils increased with the increasing cement content andlength of 

timefrom mixture totesting of the composites. The saturated hydraulic conductivity of the stabilised soils 

decreased with increased cement content and time period totesting. More importantly, the effect of period of 

time to testing on the saturated hydraulic conductivity was significant as the values of the stabilised soils with 

10% cement content decreased from 4.48×10
-5

 m/sto 1.09×10
-9

m/s at 28 days. It was concluded that the 

essential properties of the cement-stabilised soil intended for use as bottom liner in MSW landfills improved 

with age. 
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I. INTRODUCTION 
Owing to a growing population and increased wealth, the management of solid waste has become very 

important for sustainable development in the world. It is reported that the global wealth increased in capital 

terms by 17% between 1995 and 2005 [1]. No wonder the volume of waste generated in world cities is expected 

to increase from 1.3 billion tonnes in 2012 to 2.2 billion tonnes in 2025. In fact, it is projected that the 

generation of solid waste will be more than double in low income countries in the next twenty years [2]. Waste 

management is particularly imperative as human needs such as clean water, clean air and safe food are severely 

affected by inadequate management of solid waste, often resulting to great damage on public health [3]. 

Whereas efforts have been made to improve the management of solid waste in the developed countries 

[4, 5], uncontrolled disposal of solid waste remains persistent in the poor countries of the world. One of the 

reasons likely to influence the negative attitude of governments in the developing countries of the world to 

effective waste management is the lack of funds as integrated waste management is capital-intensive. It is not 

surprising as poor countries in the world, which constitutes 10 percent of the global population accounts for less 

than 1 percent of the global wealth [1]. The belief that soil and water bodies provide natural attenuation of 

pollutants and thus absolute protection of the environment from the ills of anthropogenic activities had been 

disproved by several cases of groundwater pollution due to the disposal of solid waste in non-engineered 

landfills-open dumps [6-13]. These have caused health problems among the people living in the vicinity such 

dumps [14-17]. The use of engineered landfills, which commonly comprise a composite bottom liner, protects 

the immediate environment of the disposal sites from air, soil, surface water and groundwater pollution 

respectively [18, 19]. The majority of the modern municipal solid waste (MSW) landfills consist of composite 

layer of compacted clay overlain by flexible membrane layer, usually high density polyethylene [20, 21] or 

Geosynthetic clay liners (GCLs), which is arelatively thin layer of clay-bentonite fixed between two sheets of 

geotextile [22]. The compacted clay liners usually have hydraulic conductivity less than 1x10
-9

m/s [23]. In 

developing countries such as Nigeria where financial resources for waste management are scarce, it is 

mandatory to devise low-cost methods to minimize the increasingly unabated pollution owing to disposal of 

MSW at open dumpsites since it is very expensive to remediate any polluted surface water and groundwater. By 
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doing this, human health, ecology and indeed the environment will be safeguarded. As it may be difficult for the 

majority of locally available soils to meet the permeability requirement of less than 1x10
-9

m/s [18, 24], a low-

cost solution is to stabilise the soils to improve its properties, especially the hydraulic conductivity, whose 

minimum value requirement is stated in the regulation of MSW landfills.  

Some researchers in Nigeria have reported improved properties of soils owing to stabilisation, however, 

the focus has been mainly on the compressive strength of the stabilised soils [25-27], except few instances 

where hydraulic properties have been improved as a result of the admixture comprising blast furnace slag, and 

also cement kiln dust [28, 29]. In these studies, the parameters were tested as soon as the samples were brought 

to the laboratory. Since the characteristics of composites comprising cement, water and materials such as 

aggregates changes with time owing to hydration, it is therefore necessary to study the effect of time on cement-

stabilised soils to be used as bottom liners in MSW landfills. As it is generally accepted that concrete, which is a 

composite material that consists of water, cement, fine and coarse aggregates attains approximately 90% of its 

strength after 28 days of curing [30], the impact of time (age) on the properties of cement-stabilised soil has 

been studied up to 28 days in this paper.  

 

II. MATERIALS AND METHODS 
Soil samples were carefully obtained from selected borrow pits in Ado Ekiti, at depths just below the 

top soil, using the standard method. Sample A was obtained from the borrow pit along IlaweEkiti Road while 

sample B was obtained from the borrow pit along IjanEkiti Road. The samples were taken to the laboratory in 

suitable plastic bags to minimise adverse weather effects. The samples were mixed with ordinary Portland 

cement at varying proportions of 2.5%, 5%, 7.5% and 10%. A maximum cement content of 10% was used 

owing to previous studies that indicated this quantity as the optimal percentage for soil cement mixtures [31, 

32]. Laboratory tests to determine the moisture content, sieve analysis, Atterberg limits, compaction test, 

California bearing ratio and hydraulic conductivity were undertaken on the samples in accordance with BS 1377 

(1990). All the samples to be tested were mixed with the varied cement content in first day. The initial samples 

were tested in the first day while the other samples were kept in suitable plastic bags till being tested on the 7
th

 

and 28
th

 day respectively. 

 

III. RESULTS AND ANALYSIS 
The natural properties of the soils are presented in Table 1. Using the BS 5930, soil A can be classified 

as clay that has a high plasticity while soil B can be classified as silt that has a low plasticity. In the AASTHO 

classification, soil A can be classified as soil type A-7-5 while soil B can be classified as A-4. The high values 

of the maximum dry density of the soils are indicative of high structural and mechanical strength of the soil 

particles. The reddish-brown colour of the soils is synonymous with tropical lateritic soils, which are prevalent 

in Ado Ekiti. The values of the saturated hydraulic conductivity of the soils are less than the stipulated values of 

1x10
-10 

ms
-1

 for basal liners in MSW landfills 

The relationship between the maximum dry density and various degree of cement stabilisation of the 

soils for variouslengths of time from mixture to testing of the compositesis shown in Figures 1 and 2 

respectively. The maximum dry density of the soils increased with an increase in the cement content. Similarly, 

the maximum dry density of the stabilised soils increased with increase in length of time to testing.This can be 

explained in terms of hydration of the ordinary Portland cement in composite mixture. As soon as the soils were 

mixed with the cement, the calcium silicates, which are the main compounds responsible for strength in cement, 

reacted with the inherent (natural)water in the soils to form hydrates. The volume of the hydrate formed would 

depend on the volume of inherent water in the soils. Since hydrates normally harden with time, they were likely 

responsible for the observed increase in maximum dry density with elapsed time of the mixture of the soils with 

cement. As the amount of hydrates formed depends on the volume of cement, it is apparent that the observed 

increase in the maximum dry density of the stabilised soils with increasing cement content was also due to the 

increased hydrates. This phenomenon can also be used to describe the increased values of CBR for the stabilized 

soils, as shown in Figures 3 and 4 respectively. The hardened binding hydrates acted as hard gels that created 

resistance to the CBR loading, therefore increasing it values with increasing cement content and age of the 

stabilised soils. The saturated hydraulic conductivities for the stabilised soils are depicted in Figures 5 and 6 

respectively. Generally, the saturated hydraulic conductivities decreased with increase in the cement content and 

length time to testing of the stabilised soils, however, the impact of time on the saturated hydraulic conductivity 

of the stabilised soils was more than the cement content, especially for clay. 
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Table 1: Properties of the soils 
Properties Values 

Soil A Soil B  

Natural moisture content (%) 17 12 

Liquid limit 53.2 35.3 

Plastic limit (%) 36.8 30.1 

Plastic Index (%) 17 5.2 

Gravel content (%) 12.5 18.2 

Sand content (%) 25.7 45.6 

Silt/Clay content (%) 61.8 36.2 

Maximum dry density (kg/m3) 1860 1860 

Optimum moisture content (%) 18.22 18.66 

Hydraulic conductivity (m/s) 5.9× 10-5 7.63× 10-5 

Classification according to BS 5930 CLAY of high 

plasticity 

SILT of low 

plasticity 

AASTHO classification A-7-5 A-4 

Colour Reddish Brown Reddish Brown 

 

 
Figure 1: Maximum Dry Density versus Cement 

Content at First Day, 7 Days and 28 Days Clay 

 

 

 
Figure 2: Maximum Dry Density versus Cement 

Content at First Day, 7 Days and 28 Days for Silt 

 

 

 
Figure 3: CBR versus Cement Content at First 

Day, 7 Days and 28 Days for Clay 

 
Figure 4: CBR versus Cement Content at First 

Day, 7 Days and 28 Days for Silt 
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Figure 5: Saturated Hydraulic Conductivity versus 

Cement Content at First Day, 7 Days and 28 Days 

for Clay 

 

 
 

Figure 6: Saturated Hydraulic Conductivity versus 

Cement Content at First Day, 7 Days and 28 Days 

for Clay 

 

The saturated hydraulic conductivities of 10% cement-stabilised clay and silt at 28 days were 1.09 x10
-

9
m/s and 1.78 x10

-8
 m/s respectively while on the first day were 4.48 x10

-5
m/s and 6.35 x10

-5
 m/s respectively. 

Therefore, reporting the test values obtained during the first day will seriously underestimate the capability of 

the stabilised soils as barrier to moisture flow. As the value of saturated hydraulic conductivity is the major 

characteristic requirement for bottom liners used in MSW landfills, it is thus imperative that permeability tests 

undertaken to determine the suitability of cement- stabilised materials should consider the temporal properties of 

such mixtures. Bearing in mind that the length of time from mixture to testing of the composites is the age of the 

stabilised soil at the time of testing in this study, it can be concluded that the principal properties of cement-

stabilised soil to be used as bottom liner in MSW landfills will improve with age. 

 

IV. CONCLUSION 
According to BS5930, soil A and Soil B used in this study can be classified as clay with a high 

plasticity and silt with a low plasticity respectively. According to AASTHO classification, soil A can be 

classified as soil type A-7-5 and soil B can be classified as A-4. Results showed that the maximum dry density 

and CBR of the stabilised soils increased with increase in cement content and length of time to testing of the 

composites. The saturated hydraulic conductivity of the stabilised soils also decreased with increase cement 

content and length of time to testing of the composites. The decrease in saturated hydraulic conductivity of the 

stabilised soils was however most significant in the 10% cement-stabilised clay, which was tested at 28 days. In 

general, length of time from mixture to testing of the composites significantly affected the properties of the 

cement-stabilised soils, and thus, studies involving suitability of cement-stabilized soil as bottom liner should be 

carried out over a period of at least 28 days, as it is done when determining concrete strength. 

 

ACKNOWLEDGEMENT 

The authors are grateful to, Afeez, Christopher and OpeyemiAladesiunfor their contributions to the success of 

thestudy. 

 

REFERENCES 
[1] World Bank (2011). The Changing Wealth of Nations-Measuring Sustainable Development in the NewMillennium [online], 

Available at:https://siteresources.worldbank.org/ENVIRONMENT/Resources/ChangingWealthNations.pdf [Accessed December 21 
2015]. 

[2] World Bank, (2012). What a Waste-A Global Review of Solid Waste Management. Urban Development &Local Government Unit, 

World Bank, Washington DC. 
[3] UN, (2012). Links between waste management and environmental sustainability spotlighted at UN-backed conference [online]. 

Available at:http://www.un.org/apps/news/story.asp?NewsID=43426#.V-JV2_krLIU [Accessed on March 18 2016]. 

[4] EC, (2002). Regulation (EC) No 2150/2002 of the European Parliament and of the Council of 25 November 2002 on waste 
statistics(Text with EEA relevance). Official Journal L 332, pp 1–36. 

[5] DEFRA, (2010). Environmental Permitting Guidance- The Landfill Directive [online]. Available 

at:https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/69347/pb13563-landfill-directive-100322.pdf 
[Accessed on December 12 2015]. 

[6] Longe, E.O. and Balogun, M.R. (2010). Groundwater Quality Assessment near a Municipal Landfill, Lagos, Nigeria. Research 

Journal of Applied Sciences, Engineering and Technology, 2(1), pp 39-44. 
[7] Omofonmwan, S. I. and Eseigbe, J. O. (2009). Effects of Solid Waste on the Quality of Underground Water in Benin Metropolis, 

Nigeria. Journal of Human Ecology, 26(2), pp 99-105. 

1.0E-09

1.0E-08

1.0E-07

1.0E-06

1.0E-05

1.0E-04

1.0E-03

0 2 4 6 8 10 12

H
y
d

ra
u
li

c 
C

o
n
d

u
ct

iv
it

y
 (

m
/s

)

Cement Content (%)

Clay

First day 7 days 28 days

1.0E-08

1.0E-07

1.0E-06

1.0E-05

1.0E-04

1.0E-03

0 2 4 6 8 10 12

H
yd

ra
u

lic
 C

o
n

d
u

ct
iv

it
y 

(m
/s

)

Cement Content (%)

Silt

First day 7 days 28 days

https://siteresources.worldbank.org/ENVIRONMENT/Resources/ChangingWealthNations.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/69347/pb13563-landfill-directive-100322.pdf


American Journal of Engineering Research (AJER) 2016 
 

 
w w w . a j e r . o r g  
 

Page 24 

[8] Abdus-Salam, N., Ibrahim, M. S. and Fatoyinbo, F. T. (2011). Dumpsites in Lokoja, Nigeria: A Silent Pollution Zone for Under-

groundwater. Waste Management and Bioresource Technology, 21-30. 

[9] Akoteyon, I. S., Omotayo, A. O., Soladoye, O. and Olaoye, H. O. (2011). Determination of Water Quality Index and Suitability of 
Urban River for Municipal Water Supply in Lagos, Nigeria. European Journal of Scientific Research, 54(2), pp 263-271. 

[10] Saidu, M. (2011). Effect of Refuse Dumps on Groundwater Quality. Advances in Applied Science Research, 2(6), pp 595-599. 

[11] Afolayan, O. S. and Ogundele, F. O. (2012). Comparative Analysis of the Effect of Closed and Operational Landfills on 
groundwater Quality in Solous, Lagos, Nigeria. Journal of Environmental Science and Water Resources, 1(3), pp 52-58. 

[12] Akinbile, C. O. (2012). Environmental Impact of Landfill on Groundwater Quality and Agricultural Soils in Nigeria. Soil and Water 

Resources, 7(1), pp 18-26. 
[13] Ujile, A. K., Omo-Irabor, O. O. and Ogbonna, J. (2012). Groundwater Contamination at Waste Disposal Sites at Ibadan, Nigeria. 

Journal of Solid Waste Technology and Management, 38(3), pp 149-156. 
[14] Nabegu, A. B. (2010). An Analysis of Municipal Solid Waste in Kano Metropolis, Nigeria. Journal of Human Ecology, 31(2), pp 

111-119. 

[15] Aderemi, A. O. and Falade, T. C. (2012). Environmental and Health Concerns Associated with the Open Dumping of Municipal 
Solid Waste: A Lagos, Nigeria Experience. American Journal of Environmental Engineering, 2(6), pp 160-165. 

[16] Ogunrinola, I. O. and Adepegba, E. O. (2012). Health and Economic Implications of Waste Dumpsites inCities: The Case of Lagos, 

Nigeria. International Journal of Economics and Finance, 4(4), pp 239-251.  
[17] Obeta, M. C. and Ochege, F. U. (2014). Effects of Waste Dumps on Stream Water Quality in Rural Areas of Southern Nigeria. 

IOSR Journal of Environmental Science, Toxicology and Food Technology, 8(2), pp 82-88. 

[18] USEPA, (1994).Design, Operation, and Closure of Municipal Solid Waste Landfills. United States. Environmental Protection 
Agency [online]. Available at: http://nepis.epa.gov/Exe/ZyPDF.cgi/30004O0A.PDF?Dockey=30004O0A.PDF [Accessed on 

November 19 2015]. 

[19] USEPA, (1997). Revisions to Criteria for MSW Landfills: Proposed & Final Rules. United States Environmental Protection 
Agency. 

[20] Nathanson, J. A. (2003). Basic Environmental Technology. Fourth Edition, Prentice Hall, New Jersey. 

[21] USEPA, (2016). Municipal Solid Waste Landfills [online]. Available at:  
[22] https://www.epa.gov/landfills/municipal-solid-waste-landfills [Accessed on March 1 2016]. 

[23] USEPA, (2001). Geosynthetic Clay Liners Used in Municipal Solid Waste Landfills [online]. Available at: 

https://www.epa.gov/sites/production/files/2016-03/documents/geosyn.pdf [Accessed on December 12 2015]. 
[24] USEPA, (1986). Design, Construction and Evaluation of Clay Liners for Waste Management Facilities. United States 

Environmental Protection Agency, EPA/530/530-SW-86-007. 

[25] EPA, (2000). Landfill Site Design [online]. Environmental Protection Agency, Ireland. Available 
at:https://www.epa.ie/pubs/advice/waste/waste/EPA_landfill_site_design_guide.pdf [Accessed December 21 2015]. 

[26] Amadi, A., A. Eberemu, &Osinubi, K. (2012).Strength Consideration in the Use of Lateritic Soil Stabilized with Fly Ash as Liners 

and Covers in Waste Landfills. GeoCongress, ASCE, 3835-384. 
[27] Onyelowe, K. C. (2012). Cement Stabilized Akwuete Lateritic Soil and the Use of Bagasse Ash as Admixture, International Journal 

of Science and Engineering Investigations, 1(2): 16-19. 

[28] Osinubi, K. J., Moses, G. & Liman, A. S. (2015). The Influence of Compactive Effort on Compacted Lateritic Soil Treated with 

Cement Kiln Dust as Hydraulic Barrier Material, Geotechnical and Geological Engineering, 33 (3): 523-535. 

[29] Osinubi, K. J., Amadi, A. A. &Eberemu, A. O. (2009). Compacted lateritic soil treated with blast furnace slag (BES) as hydraulic 

barrier in waste containment systems, International Journal of Risk Assessment and Management, 13(2):102-120. 
[30] Amadi, A. A., &Eberemu, A. O. (2013).Potential Application of Lateritic Soil Stabilized with CementKilnDust (CKD) as Liner in 

Waste Containment Structures, Geotechnical and Geological Engineering, 31(4): 1221-1230. 

[31] Neelakantan, T. R., Ramasundaram, S. and Vinoth, R. (2013). Accelerated Curing of M30 Grade Concrete Specimen Microwave 
Energy. Asian Journal of Applied Sciences, pp 1-6. 

[32] Little, D. N. and Nair, S. (2009). Recommended Practice for Stabilization of Subgrade Soils and Base Materials. Web-Only 

Document 144: Contractor’s Final Task Report for NCHRP Project 20-07. National Cooperative Highway Research Program. 
[33] Oyediran, I. A., &Kalejaiye, M. (2011).Effect of Increasing Cement Content on Strength and Compaction Parameters of Some 

Lateritic Soils from Southwestern Nigeria. Electronic Journal of Geotechnical Engineering [online]. Available at: 

https://www.researchgate.net/publication/266011388_Effect_of_Increasing_Cement_Content_on_Strength_and_Compaction_Para
meters_of_some_Lateritic_Soils_from_Southwestern_Nigeria [Accessed on December 2 2014]. 

 

Olayiwola Ademola Oni" The Impact of Time on the Properties of Cement-Stabilised Soil 

Intended for Use as Bottom Liner in Municipal Solid Waste Landfills.” American Journal of 

Engineering Research (AJER), vol. 6, no. 12, 2017, pp. 20-24. 

 

 

 

http://nepis.epa.gov/Exe/ZyPDF.cgi/30004O0A.PDF?Dockey=30004O0A.PDF
https://www.epa.gov/landfills/municipal-solid-waste-landfills
https://www.epa.gov/sites/production/files/2016-03/documents/geosyn.pdf
https://www.epa.ie/pubs/advice/waste/waste/EPA_landfill_site_design_guide.pdf
https://www.researchgate.net/publication/266011388_Effect_of_Increasing_Cement_Content_on_Strength_and_Compaction_Parameters_of_some_Lateritic_Soils_from_Southwestern_Nigeria
https://www.researchgate.net/publication/266011388_Effect_of_Increasing_Cement_Content_on_Strength_and_Compaction_Parameters_of_some_Lateritic_Soils_from_Southwestern_Nigeria

