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ABSTRACT: In this paper, expansive soil is mixed with CKD in different proportions, and fast 
shear tests were conducted on the specimens with an certain initial water content and dry density; 
Furthermore, fast shear tests were also conducted for specimens with 10% CKD content ratio, when 
specimens were maintained for different curing ages separately, to investigate the effect of both CKD 
content ratio and curing age on strength property. Results showed that with the increase of CKD 
content ratios, shear strength was first increased, then decreased, the critical CKD content ratio was 
about 10%. And the cohesive force changes obviously, while the internal friction does not have a 
remarkable change. With the growth of the curing age, the shear strength increased exponentially, 
tending towards stability after about 28 days. 

INTRODUCTION 
Expansive soils are a kind of soils that have significant swelling and shrinkage properties under 
changing water content, and have been detected in many parts of the world, such as Canada, China, 
South Africa, Jordan, Australia, the United States and so on. The clay composition is mainly com-
posed of hydrophilic mineral of montmorillonite and illite. Because of the swelling pressure or con-
traction crack produced by absorbing or losing water, the harm expansive soil in engineering con-
struction is repeatability, long-term and potential. How to reduce the swell-shrink characteristics of 
expansive soil has long been a common global research topic (Woeley, 1959; Seed et al. 1962). After 
Thompson (1966) proposed and studied the properties of lime treated expansive soil, the study of 
modified soil has been proceed. Many scholars have made study on the engineering properties of 
modified expansive soil with different materials(Ahmed et al. 2011; Abd, 2013). 

The study of modified expansive soils were began in the 1980s, according to the disease in Ping 
Ru Road (Bao-Ru section), special study about the effect of modified expansive soil was set up. 
Lime(Sun & Li, 2010) and cement (Osula, 1996) are ones of the most common and successful soil 
stabilizers. Some chemical additives are used with lime, and are found to be useful in accelerating the 
interaction between lime/cement and soil. However, the cost of modification by these two kinds is 
higher, and the use of building materials is also increased. To improve the soil properties by using in-
dustrial waste, this method not only reduce the material consumption, but also solve the problem 
caused by industrial waste such as land occupation and polluting the environment. Fly ash (Khoury & 
Zaman, 1787), Gypsum Waste Plasterboard (Ahmed et al. 2011) and fibers (Abd, 2013) have been 
used as modified materials by some researchers. 

Cement kiln dust (CKD) is produced from a cement kiln by exhaust gases, and captured by the 
kiln's air pollution control system. CKD is the biggest waste produced by the process of cement ex-
cept CO2, and emissions equivalent is 10% to 20%. In China, according to 10% of the conservative 
calculations, the Cement kiln dust emissions is nearly 200 million tons every year, so in most cement 
plants, disposal of CKDs is a substantial economical and environmental problem. In general, CKDs 
are mixtures of airborne particles of cement raw materials, partly processed cement components, and 
volatile components condensed on their surfaces. They vary in composition, but most of them con-
tain silica, calcium carbonate, and CaO (free lime); many also contain alkali sulfates and chlorides 
and sometimes other minor components. These make CKDs potentially valuable materials for stabi-
lizing soils(Miller & Azad, 2000), especially when the CKD contains a lot of free lime (CaO), it will 
be a good candidates for stabilizing clayey soils containing kaolinite mineral (Peethamparan et al. 
2006). 
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Many researchers have made study on the CKD treated expansive soil, and results showed that 
CKD can decrease the expansive properties obviously (Miller & Azad, 2000), and increase the 
strength properties meanwhile (Peethamparan et al. 2009). However, the effect of CKD treated ex-
pansive soils is connected with the physical and chemical composition of CKD (Bhatty et a. 1996); 
different CKD in different area cannot be used directly. So, in this paper, the authors focused on in-
vestigations of the effectiveness of CKD produced in China as soil stabilizers for expansive soil lo-
cated in Western China. Different proportions of CKD content were added to expansive soil, and la-
boratory tests were conducted on mixtures of expansive soil-CKD for shear strength property. 

MATERIALS AND PROCEDURE 

Materials 
Expansive soil used in this investigation was obtained from the City of Ankang in Shanxi province in 
China. It is Brown silty clay, and was selected at a depth of about 1.5-2.0m. A field density test was 
carried out, and the disturbed soil was excavated, placed in plastic bags and transported to the La-
boratory for preparation and testing. The Natural water content is 6.15%, relative density is 2.76, 
plasticity index is 40.41, according to the method recommended in GBJ112-87Standard for con-
struction technical of expansive soil region (in PRC), this soil belongs to weak expansive soil. Par-
ticle size distribution curve was shown in Figure 1. 
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Figure 1 Particle size distributions of expansive soil and CKD 

The cement kin dust (CKD) was supplied by a JingYang cement company in Shanxi province in 
China. It is offwhite thinner powder, the Natural water content is 6.15% and relative density is 2.76. 
Particle size distribution curve was shown in Figure 1. 
Experimental procedure 
Laboratory tests are according to the JTJ051-93 Standard for Road soil test (in PRC). CKD content 
ratio (Rc) is defined as the dry mass of CKD to the dry mass of the expansive soil-CKD mixtures. To 
prepare swell test specimens, CKD was added to expansive soil with different content ratio and was 
initially mixed with a spoon. Then distilled water was added to the mixtures with water content of 
22%, and then the soils were mixed carefully by hand until a uniform mixture was obtained. The mix-
tures were placed in plastic bags and sealed to avoid the loss of water, and allowed to cure in a hu-
midor for 24 h. Compacted tests were conducted by JDS-2 standard compaction apparatus. Strength 
tests were prepared by statically compacting in a confining ring, the initial dry density for all the spe-
cimens were 1.68g/cm3 with 22% water content according to the maximum dry density and opti-
mum water content for expansive soil. And then specimens were cut by the standard cutting ring 
(H=20 mm, Ф61.8 mm) for later tests.  

In addition, in order to study the effect of curing ages on the shear strength, tests were conducted 
on specimens with curing ages of 1,7,14 and 28 days. 

 
607



RESULTS AND DISCUSSIONS 

Effect of CKD on shearstrength 
Direct shear tests were conducted on expansive soil-CKD mixtures, and the shear strength indices 
were obtained. The shear stress-vertical stress curves were shown in Figure 2. 
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Figure 2 Shear stress-vertical stress 

Table 1 Regression equations of shear strength 
CKD 
con-
tent 
/% 

Fitting formula Correlation 
index r 

0 fτ=71.75+σtg19.37° 0.9926 
2 fτ=98.67+σtg21.01° 0.9932 
4 fτ=121.54+σtg22.07° 0.9886 
6 fτ=137.91+σtg22.90° 0.9931 
8 fτ=147.48+σtg23.31° 0.9924 

10 fτ=169.45+σtg23.31° 0.9932 
14 fτ=159.78+σtg23.35° 0.9899 
18 fτ=145.90+σtg22.77° 0.9969 

Based on the theory of Mohr-Coulomb theory, the relationship between shear strength (fτ), vertic-
al stress(σ), cohesive force (c)and internal friction angle(φ) is satisfy the following formula: 

fτ=c+σtanφ       (1) 
Least square method was used on Figure 2 to obtain the linear regressions, and the equations were 

given in Table 1.The change of cohesive force and internal friction angle are shown in Figure 3, it 
can be seen that with the increase of CKD content, the change of cohesive force is not linear but 
there is a critical value. For the lower CKD content ratio  (Rc≤10%), the value for cohesive force 
from 71.75 kPa for untreated expansive soil to 169.45 kPa for treated soil with 10% CKD content. 
169.45 kPa, the cohesive force was significantly increased by 136%; But when the CKD content ra-
tio is higher (Rc>10%), with the increase of the ratio of CKD adding, the value of cohesive force is 
reduced. The value of internal friction angle also presented a trend of first increases and then de-
creases with the increase of CKD content, but the change is not big, which was from 19.37° for un-
treated soil to 23.31°for soil with 10% CKD content, and then 22.27°for 18%. 
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Figure 3 Shear strength index-CKD content ratio 

Effect of curing age on shear strength 
In order to obtain the effect of curing age on the shear strength, 10% CKD content ratio was chose 
due to the results of the tests. And the specimens were cured for 1,7,14 and 28 days. Then the shear 
tests were conducted, results were shown in Figure 4. 

It can be seen that with the increase of curing ages, both the cohesive force and internal friction 
angle were increased. Figure 5 provided the specific change trend, with the increase of curing age, 
the cohesive force was increased in line with the exponential growth, while the internal friction angle 
change a little. 
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Figure 4 Shear stress-vertical stress 

Cement kiln dust (CKD) is the rotary kiln ash, which is a mixture containing a small amount of 
clinker, treated by high temperature and heated evenly. The carbon in it had been burned into ash 
glass ball, can be regarded as pozzolanic material. Adding CKD to the expansive soil will make its 
chemical and physical properties changed. The process of expansive soil was modified by CKD in 
both physical and chemical reaction, these two aspects work together to promote the fundamental 
changes in engineering properties. 
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Figure 5 Shear strength index-maintenance period 

When CKD is mixed with expansive soil and water, Ca(OH)2 and a small amount of Mg (OH)2 
will be produced. Ca(OH)2 and Mg(OH)2 will react with CO2 in the air, and CaCO3 and MgCO3 par-
ticles will be created with high strength and water stability.  
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Figure 6 SEM photos of expansive soil-CKD mixtures 

Figure 6 shown that with the increase of CKD content ratios, the structure of CKD treated expan-
sive soil was changed from sheet to graininess, then the strength was increased. The reaction equa-
tion as follows: 
Ca(OH)2+CO2=CaCO3↓+H2O    (2) 
Ma(OH)2+CO2=MaCO3↓+H2O   (3) 

CONCLUSIONS 
This paper has made study of expansive soil with different CKD content ratios and curing ages, the 
following conclusions can be derived: 

(1) The shear strength was not change monotonously with the increase of CKD content ratio, 
there was a critical value which is about 10%. When the CKD content was lower than this value, the 
cohesive force was increase with its increase, while it decreased after this value. The change of inter-
nal friction angle was not obviously. 

(2) Curing age also has effect on the shear strength. With the increase of curing ages, the shear 
strength parameters were increased exponentially, and the value will keeps unchanged after 28 curing 
age. 

(3) Expansive soil modified with CKD can be used as subgrade filling in expansive soil areas, and 
the optimum mixing CKD content rate is 10%, the suggested curing age is 28 days. 
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