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Laboratory study on stabilization of kaolinite clay with cement and cement kiln dust
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ABSTRACT:  Considering the geotechnical problems caused by low strength, clayey soils are important 
in construction projects. Chemical stabilization with additives such as cement is a common method to 
improve the engineering properties of clay soils. In spite of the acceptable effects of cement on the 
strength of soils, the cost of this additive and its destructive effects on the environment should be of 
concern. This has led the researchers to use by-products and waste materials. Cement Kiln Dust (CKD) 
is a powdery byproduct of the Portland cement manufacturing process. In this paper, the geotechnical 
parameters of cement and cement kiln dust stabilized kaolinite clay are compared. For this purpose, 
Atterberg limits, standard proctor, unconfined compressive strength, and California bearing ratio tests 
were conducted on specimens containing 5, 10 and 15% cement and CKD (by dry weight of the soil). The 
results show that the cement and cement kiln dust increase soil strength. It was seen that the unconfined 
compressive strength of the specimen with 15% CKD is equal to the specimen with 10% cement after 
28 days of curing. It is evident from the scanning electron microscopy analysis of specimens containing 
cement and CKD that calcium silicate and aluminate hydration products reduce the volume of the void 
spaces and join the soil particles, leading the strength to increase.
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1. INTRODUCTION
Traditional chemical stabilizing additive such as Portland 

cement is often used to improve the engineering properties 
of clay soils with low strength [1-2]. In spite of the acceptable 
effects of cement on the strength of soils, utilizing a 
considerable amount of energy, and emission of the massive 
quantity of air pollutants especially greenhouse gases during 
the production of cement has led the researchers to use by-
products and waste materials such as cement kiln dust (CKD). 

Cement kiln dust is a by-product of the cement 
manufacturing process that collected from electrostatic 
precipitators during the production of cement clinker [3]. The 
presence of free lime (CaO), the high alkali content, and the 
high fineness of CKD make it potentially valuable material for 
soil stabilization [4].

Kaolinite clay considered as soil with poor properties 
through low strength [5]. Previous studies have shown that 
CKD can be used for soil stabilization as an alternative to 
cement [4, 6, 7]. However, the study on the comparison of the 
effect of cement and CKD on the geotechnical parameters of 
kaolinite clay, and statistical analysis of results has not been 
done so far. Also, this paper will determine how much CKD 
can be used as an alternative to cement for improving the 
strength of kaolinite clay. 

2. MATERIALS AND METHODS
In this study, commercial kaolinite clay was utilized 

as raw soil. The geotechnical properties of the clay were 
measured according to ASTM standards and are summarized 
in Table 1. Type II Portland cement and CKD were obtained 
from the Shahroud cement factory. The compositions of the 
CKD and cement consist primarily of CaO, SiO2, Al2O3, and 
Fe2O3.

Atterberg limits, standard Proctor, unconfined compressive 
strength, and California bearing ratio tests were conducted on 
specimens containing 5, 10 and 15% cement and CKD (by dry 
weight of the soil). Also, changes in microstructures of soil 
were observed using SEM analysis.

 

Table 1. Geotechnical properties of kaolinite clay.
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3. RESULTS AND DISCUSSION
3.1. Atterberg limits

The addition of cement and CKD to soil lead the liquid 
and plastic limit of stabilized soil to increase. The increase in 
plastic limit may be attributed to the quantity of water used 
should be just sufficient to satisfy hydration requirements. 
Since the plasticity index of kaolinite clay is low, it appears not 
to change very much due to the addition of cement and CKD.

3.2. Compaction test
Regarding the compaction curve, by increasing the 

amount of cement and CKD, the maximum dry density 
(MDD) decreases and optimum moisture content (OMC) 
increases. The increase in OMC is due to the water-loving 
nature of the calcium oxide. The MDD appears to decrease 
because the aggregation of particles due to stabilizer results in 
larger macropores within the soil. The reduced MDD might 
also result from the replacement of soil of higher specific 
gravity with the stabilizer of lower specific gravity. 

3.3. Unconfined compressive strength 
The effect of cement and CKD on the unconfined 

compressive strength of the soil at curing periods of 7 and 28 
days is shown in Fig. 1. It can be argued that the increase in 
strength in specimens containing cement is much higher than 
that of CKD. So that the UCS of the specimen with 15% CKD 
is approximately equal to the UCS of the specimen with 10% 
cement after 28 days curing.

During the pozzolanic reaction, high pH environment due 
to an interaction of stabilizer containing alkalis with soil in the 
presence of water, causes silica and alumina to be dissolved out 
of the structure of the clay minerals and to combine with the 
calcium to form calcium silicate hydrate (C-S-H) or calcium 
aluminate hydrate (C-A-H). These products in the treated soil 
were presumed to be the major factor contributing to strength 
improvements. SEM images also showed the formation of a 
dense matrix in specimens with cement and CKD resulting 
from cementitious products.

By the addition of cement and CKD, corresponding strain 
to peak axial stress decreased. Therefore, treated soils are more 
brittle compared with raw soil, which can be problematic in 
dynamic loading. Due to the higher production of C–S–H 
gel in the soil-cement mixture than the soil-CKD mixture, 

specimens with cement display much more brittle behavior. 

3.4. California bearing ratio
The soaked California bearing ratio of specimens after 

7 days of curing illustrated in Fig. 2. The CBR value of soil 
improved from 3% to 43, 74 and 85%, resulting from the 
addition of 5, 10 and 15% cement after 7 days curing time. 
The addition of 15% CKD increases CBR 24 times relative 
to untreated soil. The increment in CBR of specimens with 
cement and CKD may be attributed to the formation of 
cementitious compounds resulting in bonding between the 
stabilizer and soil particles. 

3.5. Statistical analysis
In this study, a statistical analysis is performed to check 

if the parameters and their interactions are statistically 
significant in the performance of cement and CKD treated 
soils. To this end, the multi-way analysis of variance 
(ANOVA) with replication was conducted using Minitab 
2018 software. Atterberg limits, UCS, and CBR results with 
three replicates were selected as response variables to study 
the effect of stabilizers on the geotechnical responses. Also, a 
significance level of 0.05 (a = 0.05) was selected to investigate 
the null hypothesis. Moreover, the Tukey-Kramer method is 
used in order to compare all possible pairs of means and find 
the means that are significantly different from each other. As 
Tukey-Kramer statistical test says, the UCS and CBR of the 
specimen with 15% CKD and 10% cement are statistically 
equal after 28 and 7 days of curing, respectively.

4. CONCLUSIONS
The following conclusions can be drawn from this study:

·	 The addition of cement and CKD led the liquid and plastic 
limit to increase. Since the plasticity index of kaolinite 
clay is low, it appears not to change very much due to the 
addition of cement and CKD.

·	 Cement and CKD treatment leads to increase the optimum 
water content and decrease the maximum dry density of 
treated soils.

·	 The addition of cement and CKD enhances unconfined 
compressive strength and California bearing ratio. The 
UCS and CBR of the specimen with 15% CKD and 
10% cement are statistically equal after 28 and 7 days of 

 

 

 

 

 

 

 

Figure 1. Effect of addition of cement and CKD on UCS of kaolinite clay after 7 and 28 days curing 

  

 

 

 

 

 

 

 

 

 

 

 

 Figure 2. Variation of CBR of specimens 

 

Fig. 1. Effect of addition of cement and CKD on UCS of kaolinite 
clay after 7 and 28 days curing Fig. 2. Variation of CBR of specimens
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curing, respectively. Therefore, CKD can be used for the 
improvement of kaolinite clay as an alternative to cement 
and reduced cement consumption.

·	 Treated kaolinite clay with cement is more brittle 
compared to CKD.
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