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ABSTRACTABSTRACTABSTRACTABSTRACT    
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Specimens Specimens Specimens Specimens were prepared at molding water contentswere prepared at molding water contentswere prepared at molding water contentswere prepared at molding water contents    ofofofof    ----2, 0, +2 and +4% of the optimu2, 0, +2 and +4% of the optimu2, 0, +2 and +4% of the optimu2, 0, +2 and +4% of the optimum moisture content at the m moisture content at the m moisture content at the m moisture content at the 
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requirement. requirement. requirement. requirement. Generally, the recorded UCS values for Generally, the recorded UCS values for Generally, the recorded UCS values for Generally, the recorded UCS values for lateritic soil lateritic soil lateritic soil lateritic soil ––––    cement kiln dustcement kiln dustcement kiln dustcement kiln dust    mixtures produced satisfactory mixtures produced satisfactory mixtures produced satisfactory mixtures produced satisfactory 
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beyond 2.5% beyond 2.5% beyond 2.5% beyond 2.5% for for for for cement kiln dust cement kiln dust cement kiln dust cement kiln dust treated specimens compacted at BSH treated specimens compacted at BSH treated specimens compacted at BSH treated specimens compacted at BSH energyenergyenergyenergy    level and especially on the dry side level and especially on the dry side level and especially on the dry side level and especially on the dry side 
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1.1.1.1.    INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION    

Sanitary landfill is the most cost-effective system of 

solid wastes disposal for most urban areas in 

developing and industrialized countries. It is a step by 

step construction activity involving daily layering, 

compacting, soil covering of refuge in cells and routing 

of surface run – off away from wastes cell. The refuse 

is spread, compacted and covered periodically (daily 

at close of work) with soil of about 15 – 30cm thick. 

Thus forming series of cells encapsulated with soil 

which ranges up to about 5m thick.  

In order to ensure the structural integrity of a 

constructed landfill facility compacted soils   for the 

liner and cover systems adequate strength must 

ensured [1]. Adequate shear strength of liner or cover 

system must be such that it can support the 

overburden imposed by the water body and the self 

weight of the liners and cover itself. The shear 

strength of compacted clay depends on the density as 

well as water content, clays compacted dry of 

optimum are initially stronger than when compacted 

wet of optimum. Compacted soil strength can be 

evaluated in terms of confined compression strength, 

[1] selected minimum unconfined compressive 

strength of 200kN/m2 (200kPa) to represent 

adequate shear strength for compacted soil liner and 

cover. A minimum unconfined compressive strength 

of 200kN/m2 is considered sufficient durable in 

satisfying the stresses resulting from alternate 

wet/dry and freeze/ thaw cycles [1, 2].This strength is 

the lowest value for very stiff soils based on the 

consistency classification according to [3].  

Large quantities of waste materials from mineral, 

agricultural, domestic and industrial sources are 

generated daily and the safe disposal of these wastes 

are increasingly becoming a major concern around the 

world [4]. These wastes, if properly treated, could be 

modified for use as structural components of highway 
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pavements or as waste containment materials. 

Therefore, recent studies have been geared towards 

the utilization of waste resources to stabilized soils to 

improve the engineering and allied properties of 

pavement base course material liners [5]. The use of 

these waste resources evolved out of need to 

economically utilize industrial by – products in an 

attempt to solve environmental problems associated 

with the increasing amount of wastes in many parts of 

the world. However, [6] reported that most industrial 

wastes have little or no cementation values but react 

with lime or OPC in the presence of moisture to form 

compounds possessing cementitious properties. 

Cement manufacturing is a critically important 

industry in the whole world. As with most large 

manufacturing industries, by-products are generated. 

Cement kiln dust is a fine grained solid material 

generated as the primary inherent process residue at 

all cement plants. In 1990, it was reported that an 

average 9 tons of Cement kiln dust was produced for 

every 100 tons of clinker in the U.S.A. [7] 

As an industrial by product, the composition of 

cement kiln dust is a function of many variables. 

Cement kiln dust is comprised of thermally unchanged 

raw materials, dehydrated clay, decarbonated 

(calcined) limestone, ash from fuel and newly formed 

Minerals corresponding to all stages of the clinker [8]. 

An unusual feature of CKD is that, unlike typical 

process wastes, that are substantially different from 

the product, Cement kiln dust is essentially cement 

that does not quite meet commercial specifications. 

Although, the relative constituent concentrations in 

CKD can vary significantly, CKD has certain physical 

characteristics that are relatively consistent. When 

stored fresh, CKD is a fine, dry alkaline dust that 

readily absorbs water, when managed on site in a 

waste pile, CKD can retain these characteristics within 

the pile while developing an externally weathered 

crust, due to absorption of moisture and subsequent 

cementation of dust particles on the surface of the 

pile. The ability of CKD to absorb water stems from its 

chemically dehydrated nature, which results from the 

thermal treatment it receives in the kiln system. 

 (UCS) value can be estimated using the following 

equations:  

AoLoLRCrUCS 100/)))/(1)((( 1−=   (1) 

In (1), A0 is the initial area of cross-section (mm2), ε% 

= x/Lo, ε% = axial strain percent, Lo is the initial 

length of specimen, D is the initial diameter of 

specimen (mm), Cr N/division = mean calibration of 

load ring, R divisions = load ring reading at strain, ε; A 

(mm2) is the area of cross-section at strain,; R x Cr 

(Newtons) is the load on specimen at strain, ε  and σ is 

the compressive stress at strain, ε,. The ring 

calibration CR can be assumed to be constant. 

    

2.2.2.2.    MATERIALS AND METHODS MATERIALS AND METHODS MATERIALS AND METHODS MATERIALS AND METHODS     

2.1 2.1 2.1 2.1 SoilSoilSoilSoil 

The reddish brown lateritic soil used in this study was 

obtained from a burrow pit by method of disturbed 

sampling at Km 15 along the Zaria—Sokoto road in 

Zaria (latitude 11015’ and longitude 7045’E), Kaduna 

State Nigeria. The soil is classified as CL according to 

the unified soil classification system. X-ray diffraction 

(XRD) and differential thermal analysis (DTA) of soil 

from the study borrow area reported by [9, 10] show 

that the clay mineralogy is predominantly kaolinite. 

The physical properties of the soil are summarized in 

Table 1. 

 

2.2 2.2 2.2 2.2 Cement Cement Cement Cement Kiln DustKiln DustKiln DustKiln Dust    

The cement kiln dust used was obtained from freshly 

deposited heaps of the waste at the Ashaka cement 

production plant located in Nafada Local Government 

Area of Gombe state, (Latitude 0° 19’N and 

Longitude11° 30’E), Nigeria. The CKD is brownish in 

color with a specific gravity of 1.90. The CKD was 

sieved through BS sieve No. 200 and was stored in air-

tight containers before usage. Specimens of cement 

kiln dust were sieved through British Standard sieve 

of 75 microns after grinding. The portion passing the 

sieve was compared to the required degree of 

fineness, that is 63 microns and below while the 

cement kiln dust retained on the sieve was reground 

and sieved again. Chemical analysis of CKD was 

carried out at Chemical Laboratory of the Energy 

Research Centre, Ahmadu Bello University Zaria. The 

X-ray Analyzer together with Atomic Absorption 

Spectrophotometer (AAS) was employed for the 

analysis except for Sulphur Oxide, Sodium and 

Potassium Oxide where the Flame Analyzer was used, 

gravimetric method was employed in the 

determination of the Carbonate and Hydrogen 

Carbonate. The chemical composition of the cement 

kiln dust is shown in Table2.  

    

2.3 2.3 2.3 2.3 Index PropertiesIndex PropertiesIndex PropertiesIndex Properties    

Index properties tests on the natural soils were 

carried out in accordance with [11-13]. The index 

property of the untreated lateritic soil is shown in 

Table 3.    
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Table 1: Oxide Composition of the Lateritic Soil 
Oxide Concentration (%) 

CaO 0.28 

Al2O3 27.4 

SiO2 35.6 

Fe2O3 24.0 

Mn2O3 2.0 

Na2O - 

K2O 1.4 

S2O 0.85 

LOI 1.46 

 
Table 2: Oxide Composition of the Cement kiln dust 

Oxide Concentration 

CaO 50.8 

Al2O3 4.71 

SiO2 - 

Fe2O3 1.92 

Mn2O3 0.002 

Na2O 0.001 

K2O 1.35 

pH 11.20 

Gs 1.90 

 

Table 3: Physical Properties of Untreated Lateritic Soil 
Engineering Properties Quantity 

Liquid Limit, % 

Plastic Limit, % 

Plasticity Index, % 

Linear Shrinkage, % 

Percentage Passing BS No. 200 Sieve. 

Group Index 

AASHTO Classification 

USCS Classification 

Specific Gravity 

MDD Mg/m3 

British Standard Light 

West African Standard 

British Standard Heavy 

OMC% 

British Standard Light 

West African Standard 

British Standard Heavy 

pH Value 

Colour 

Dominant Clay mineral 

42.6 

26.1 

16.5 

12.1 

54.6 

6 

A-7-6 

CL 

2.71 

1.71 

1.79 

1.88 

17.5 

15.0 

12.5 

6.7 

 

Reddish 

Brown 

Kaolinite 

    

2.2.2.2.4 4 4 4 Compaction Compaction Compaction Compaction     

All the compactions involving moisture-density 

relationships and UCS were carried out using energies 

derived from the British standard light (BSL), West 

African Standard (WAS) and British standard light 

(BSH) energies in accordance with [12, 13]. The BSL 

compactions was carried out using energy derived 

from a rammer of 2.5 kg mass falling through a height 

of 30 cm in a 1000 cm3 mould. The soil was compacted 

in three layers, each receiving 27 blows.  

The WAS compaction, was carried out using energy 

derived from a rammer of 4.5 kg mass falling through 

a height of 45 cm in a 1000 cm3 mould. The soil was 

compacted in five layers, each layer receiving 10 

blows....    

    

2.3 2.3 2.3 2.3 Unconfined Compression Unconfined Compression Unconfined Compression Unconfined Compression  

Dried lateritic – cement kiln dust mixtures were 

compacted at optimum moisture content using the 

three 3-compactive efforts of BSL, WAS and BSH. Tests 

specimen were compacted at –2%OMC, OMC, 

+2%OMC and +4%OMC respectively using the three 

3-compactive efforts stated earlier. The cylindrical 

specimens used in this test are of diameter 38.1mm 

and height 76.2mm at the specified height to diameter 

ratio of 2.1 in accordance with [12, 13]. After 

compaction, the treated lateritic soil was extruded 

from the mold and sealed with double wrappings in 

polythene bags that were kept in the humidity room at 

a constant temperature of 25 ± 2oC. This was done for 

a period 72 hours to allow for uniform moisture 

distribution and curing. After curing, specimens were 

placed in a load frame machine driven strain 

controlled at 0.10 %/min and crushed until failure 

occurred. 

 

3. DISCUSSION OF RESULTS3. DISCUSSION OF RESULTS3. DISCUSSION OF RESULTS3. DISCUSSION OF RESULTS    

3.1 Maximum dry density3.1 Maximum dry density3.1 Maximum dry density3.1 Maximum dry density    

There was a general decrease in maximum dry density 

at the energy level of BSL shown in Figure 1. Generally 

the all compactive energy level recorded a decrease in 

MDD with higher CKD content, this finding is in 

agreement with similar report by [14]. Furthermore, 

this trend can be attributed to the presence of a large 

amount of low density aggregate particles and it could 

possibly be attributed to cement kiln dust, a low 

specific gravity material (1.90) replacing the lateritic 

soil which has a high specific gravity of 2.71 [15].  

    

3.2 3.2 3.2 3.2 Optimum moisture contentOptimum moisture contentOptimum moisture contentOptimum moisture content    

Generally there is an increase in the optimum 

moisture content as shown in Figure 2. This increase 

could be attributed to the increasing demand for more 

moisture by the various cations to undergo hydration 

reaction [15]. Furthermore, the increase in fines 

content resulting from the inclusion of cement kiln 

dust with larger surface area will lead to more 

demand for water to react with. 

    

3.33.33.33.3    Unconfined compressive strengthUnconfined compressive strengthUnconfined compressive strengthUnconfined compressive strength    

3.3.1 3.3.1 3.3.1 3.3.1 Effect of molding water Effect of molding water Effect of molding water Effect of molding water contentcontentcontentcontent    

The minimum required strength of soil to be used in 

compacted soil liners is not specified however, [1]     
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Figure 1: Variation of maximum dry density of cement kiln dust 

treated lateritic soil 

    
Figure 2: Variation of optimum moisture content of cement kiln 

dust treated lateritic soil 

    
Figure 3: Variation of unconfined compressive strength with 

moulding water content for natural lateritic soil 

 
Figure 4: Variation of unconfined compressive strength with 
moulding water content at  2.5% cement kiln dust treatment 

    

arbitrarily selected a minimum of 200kN/m2 to 

support the maximum bearing stress in a landfill. The 

variations of unconfined compression strength (UCS) 

with molding water content are shown in Figures 3, 4, 

5 6, and 8.  

Generally, the UCS of the mixtures decreased with 

increase in molding water content, this is in 

agreement with the findings of other researchers [1, 

16, 17 and 18]. The untreated lateritic soil exhibited 

the same pattern in behavior as recorded by previous 

researchers. But the treated specimens’ exibited slight 

variations in behavior due to the inclusion of 

pozzolanic cement kiln dust in lateritic soil. The UCS 

values beyond 0% CKD treatment of lateritic soil 

especially at BSH compactive effort exhibited trend 

that indicated that better UCS values are not obtained 

at the dry side of optimum. Rather, after 0% CKD 

treatment, a reduction in UCS value was recorded on 

the dry side of optimum, this is in agreement with the 

findings reported by [19]. 

The minimum UCS value recommended by [1] was 

satisfied by the lateritic soil specimens (see Figure 3) 

prepared at molding water content in the range 15.5 – 

21.5%, 13.0 – 19.0% and 10.5 – 16.5% for BSL, WAS 

and BSH compactive energy levels, respectively. This 

trend of variation in UCS values with water content 

values for the lateritic soil is consistent with other 

research work [1, 17, 18, 20 and 21].  

At 2.5% CKD treatment (see Figure 4), specimens 

satisfy the minimum UCS requirement of 200kN/m2 

according to [1]. Specimens compacted with BSL, WAS 

and BSH energies produced satisfactory UCS values at 

molding water contents in the ranges 16.5 – 20.8, 13.0 

– 19.0 and 16.5 – 20.8%,  respectively. Samples 

treated with 5.0%, CKD content (see Figure 5), 

recorded minimum UCS values that were obtained at 

molding water contents in the range of 17.0 – 22.0, 

15.0 – 21.0 and 11.5 – 17.5% for BSL, WAS and BSH 

compactions, respectively. At 7.5% CKD treatment 

(see Figure 6), minimum UCS values were obtained at 

molding water content ranges of 17.0 – 22.0, 15.5 – 

21.5 and 12.0 – 18.0% at BSL, WAS and BSH 

compactive efforts respectively. At 10.5% CKD 

treatment (see Figure 7), minimum UCS values were 

obtained at molding water content ranges of 17.5 – 

22.6, 16.0 – 22.0 and 13.5 – 19.54% at BSL, WAS and 

BSH compactive efforts respectively. Finally, at 12.0% 

CKD treatment (see Figure 8)  satisfactory UCS values 

were obtained at molding water contents in the 

ranges 19.0 – 21.0, 16.0 – 22.0 and 13.0 – 19.0% for 

BSL, WAS and BSH compactive efforts respectively.  
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Figure 5: Variation of unconfined compressive strength with 
moulding water content at 5.0% cement kiln dust treatment 

 
Figure 6: Variation of unconfined compressive strength with 
moulding water content at  7.5% cement kiln dust treatment 

 
Figure 7: Variation of unconfined compressive strength with 

moulding water content at  10.0% cement kiln dust treatment 

 
Figure 8: Variation of unconfined compressive strength with 
moulding water content at 12.5% cement kiln dust treatment 

 

 
Figure 9: Variation of unconfined compressive strength with 

cement kiln dust treatment 

 

CKD treatment of lateritic soils recorded results that 

showed marked deviation from the regular pattern of 

UCS values. On the dry side of optimum, lower values 

were recorded, especially for compactions at the BSH 

energy level. This trend could be as a result of the 

molding water contents being insufficient to meet the 

hydration demand of the cement kiln dust pozzolana 

[22]. Generally, UCS values increased with higher 

compactive effort. This trend is attributed to closer 

packing of the soil fabric at high energy level [18, 23].  

 

3.3.23.3.23.3.23.3.2    EffEffEffEffect of Cement Kiln Dust Contentect of Cement Kiln Dust Contentect of Cement Kiln Dust Contentect of Cement Kiln Dust Content    

The variation of UCS with cement kiln dust content for 

compactions at the energy levels of BSL, WAS and BSH 

of specimens were prepared at optimum moisture 

content as shown in Figure 9. Generally, UCS values of 

treated specimens decreased slightly this can be 

attributed to cation exchange reaction which results in 

the formation bonds that are weak due to incomplete 

hydration reaction. This result is consistent with other 

similar research works [19, 24 and 25]. 

    

4. 4. 4. 4. CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION  

Laboratory tests were carried out on lateritic soil 

treated with up to 12.5% cement kiln dust (a 

pozzolana as well as an industrial waste) to assess its 

shear strength suitability for use in liners and covers 

for waste containment facilities. Specimens prepared 

at moulding water contents – 2, 0, + 2 and – 4% of the 

optimum moisture content were compacted at three 

energy levels (British Standard light, West African 

Standard, and British Standard heavy).  The plastic 

lateritic soil was classified as A-7-6(6) and CL 

according to AASHTO and USCS. Generally, MDD 

decreased and OMC increased, respectively, with 

higher cement kiln dust content.  

Generally, the recorded UCS values for lateritic soil – 

cement kiln dust mixtures produced satisfactory UCS 

values up to 12.5% cement kiln dust treatment for all 

the compaction energy levels considered. However, no 

significant improvement in UCS values was recorded 

beyond 2.5% cement kiln dust treated specimens 

compacted at BSH enegy level and especially on the 

dry side of optimum moisture content. Other 



IIIINFLUENCE OF NFLUENCE OF NFLUENCE OF NFLUENCE OF MMMMOLDING OLDING OLDING OLDING WWWWATER ATER ATER ATER CCCCONTENT ON ONTENT ON ONTENT ON ONTENT ON SSSSHEAR HEAR HEAR HEAR SSSSTRENGTH OF TRENGTH OF TRENGTH OF TRENGTH OF CCCCOMPACTED OMPACTED OMPACTED OMPACTED CCCCEMENT EMENT EMENT EMENT KKKKILN ILN ILN ILN DDDDUSTUSTUSTUST,     ,     ,     ,     K. J. OsinubK. J. OsinubK. J. OsinubK. J. Osinubi, et ali, et ali, et ali, et al    

 

Nigerian Journal of Technology,   Vol. 34, No. 2, April 2015          271 

compactive efforts recorded increase in UCS values up 

to 12.5% cement kiln dust treatment due to the 

availability of water that meet the hydration demand 

of the pozolana. 
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