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ABSTRACT

Plastic soil exhibits unfavorited geotechnical properties (when saturation), which causes negative
defects to engineering structures. Different attempts (included various materials) were conducted
to proffer solutions to such defects by experimenting in practical ways. On one hand, these
attempts aimed to improve the engineering characteristics of plastic soil, and on the other hand, to
use problematic waste materials as a stabilizer, like cement kiln dust, and to reduce environmental
hazards. This paper explored the shrinkage, plasticity, and strength behavior of plastic soil
enhanced with cement dust. The cement dust contents were 0%, 5%, 10%, 15% and 20% by dry
weight of soil. An experimental series of shrinkage and plasticity tests and unconfined
compression tests were carried out to explore the effects of cement dust on the quantitative amount
of shrinkage, plasticity characteristics, and shear strength experienced by plastic soil. The effects
of curing on soil strength were also investigated. The finding of this paper showed that the critical
behavior and plasticity of plastic soil could be reduced by mixing the soil with 15% or 20% of
cement dust. The undrained shear strength, cu, of plastic soil-cement dust mixtures increased with
the increasing dust content up to 20%. In fact, this strength was affected by the curing period. The
best enhancement was attained when the content of cement dust was 20%, and the undrained shear
strength was increased more than three times at this content.
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1. INTRODUCTION

Plastic soils are expansive in nature and have sensitive geotechnical properties upon
wetting/drying at which, their behavior changed drastically. Such soils would increase in volume
when saturated, and therefore, would lose their strength, and the shrinkage happens when the soils
get dry. The loss of strength and volume reduction of this soil can cause negative impact and
damage on civil engineering constructions (roads, buildings, pipelines, etc.) which, in some cases,
is even more than the damages of hurricanes, floods, earthquakes, and tornadoes. Improving the
geotechnical properties of these types of soils can help to control the imposed damages to the
structures (Jones and Jefferson, 2012); (Al-Busoda and Abbase, 2015a); (Khademi and
Budiman, 2016) and (Al-Baidhani and Al-Taie, 2020).

Different researches studied the possibility of enhancing these soils by mechanical methods (e.g.,
soil compaction) (Al-Taie and Al-Shakarchi, 2016), or by adding materials such as lime, cement,
and adding river mixture soil (Abdullah and Alsharqi, 2011); (Hamad, 2014); (Mishra and
Mishra, 2015); (Al-Busoda and Abbase, 2015b); (Ahmed and Hamza, 2015), or mixing with
chemical additives (Ismaiel, 2013); (Keanawi and Kamel, 2013). In the last years, nontraditional
materials, like solid wastes, were also used. These materials included fly ash, quarry waste, silica
fume, cement kiln dust, tire rubber, rice husk, etc., (Pandian, 2004); (Peethamparan and Olek,
2008); (Ahmed and Adkel, 2017); (Wu, et al., 2019); (Dutta, et al., 2019); (Mujtaba, et al.,
2019). However, some of these materials cause negative effects on the nature (Yuna, et al., 2019).
In recent times, efforts have been made to use dust materials from cement factories as a stabilizer
agent for engineering soils (Bhatty, et al., 1996); (Miller and Azad, 2000); (Taha, et al., 2001);
(Shabel, 2006); (Abdullah, 2009); (Albusoda and Salem, 2012); (Okafor and Egbe, 2013);
(Jwaida, et al., 2017); (Rimal, et al., 2019). These materials chemically reacted (in the presence
of water) with soils and produced physicochemical reactions in the soil matrix (Ikeagwuani and
Nwonu, 2019). Unfortunately, the results of these studies are sporadic regarding the applicability
of cement dust material in geotechnical engineering.

For example, (Taha, et al., 2001) and (Jwaida, et al., 2017) found that using cement dust as a soil
stabilizer increased the liquid and plastic limits of soil; while (Jala and Sharma, 2019) recorded
adecrease in soil liquid limit with increasing cement dust up to 10% then this limit goes to decrease
with further increase in dust material, also these authors found that the plastic limit was not effected
with the addition of cement dust., In contrast, (Ismaiel, 2013) stated that the addition of cement
dust reduced the values of Atterberg limits (liquid limit, plastic limit, and plasticity index). On the
other hand, the compaction characteristics of soils exhibited a varied response to cement dust
addition. Some researchers showed that the optimum water content significantly increased with
increasing cement dust, other studies showed a slight increase in water content, while the values
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of optimum moisture content (OMC) and maximum dry density (MDD) showed a slight decrease
in some cases, (Taha, et al., 2001); (Rahman, et al., 2011); (Al-Homidy, et al., 2017).

This study reported laboratory testing results to investigate the influence of mixing cement dust
with plastic soil. The undrained shear strength, plasticity, and shrinkage properties were explored
experimentally. The effect of different curing periods on the undrained shear strength was also,
included in this paper.

2. MATERIALS USED

The plastic soil used in this paper was obtained from the middle of Irag. The soil has a liquid limit
and plasticity index of 59 and 27, receptively, ASTM D 4318. It has high liquid limit and plasticity
index values, and in accordance with ASTM D 2487, the soil can be classified as MH. The specific
gravity of the soil is 2.65, ASTM D854. According to the standard compaction test, ASTM D698,
the soil has a maximum dry unit density of 1.52 t/m3, and optimum moisture content is 22%. The
second material used in this study as a stabilizer is cement dust. Cement dust is the waste obtained
from a local cement factory; it is a byproduct of waste material (free available). It is non-plastic
material with a specific gravity of 2.90, ASTM D854.

3. SAMPLES PREPARATION AND METHODOLOGY

Mixtures of plastic soil and cement dust have been prepared. The standard compaction test of
plastic soil was carried out in order to obtain the optimum water content and maximum dry density.
The contents of cement dust were 5%, 10%, 15%, and 20%. During all the tests, the plastic soil
and cement dust were dry mixed, the prespecified required water was added to the dry mixtures,
and the produced wet mixture was well mixed to produce homogenous soil-cement dust mixtures.
These mixtures were compacted according to ASTM D854. Atterberg limits were determined for
soil-cement dust mixtures as per ASTM D4318. The linear shrinkage of the soil-cement dust
mixtures was determined as per BS 1377. The remolded samples were prepared at high moisture
content, placed in a metal mold, and then placed in an oven to dry at 105 °C to 110 °C. After 24
hours, the length of the soil bar was measured carefully. For the unconfined compression test
(UCT), samples of soil-cement dust mixtures were compacted to optimum water content and the
maximum dry density. For each soil-cement dust mixture, three samples were prepared. The first
sample was tested directly after preparation, while the rest were cured for (3 and 7) days before
testing. Fig. 1 shows the cured samples, test set up and tested samples. Undrained shear strength
of the natural soil and soil-cement dust mixtures were determined from the unconfined
compression test. A series of unconfined test was carried out according to ASTM D2166.
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During curing Samples testing Failure of samples
Figure 1. Samples of unconfined compression test.

4. RESULTS AND DISCUSSION

Plastic soil is sensitive to wetting and drying cycles. Linear shrinkage can be used to calculate the
quantitative amount of shrinkage experienced by cohesive soil, BS 1377. This factor is suitable to
converse condition of expansion due to wetting. In this study, the linear shrinkage was measured
for soil before and after mixing with cement dust. The final drying stages of the shrinkage test for
soil-cement mixtures are shown in Fig. 2. The final values of linear shrinkage were calculated
from the test results and presented in Fig. 2. As shown, the soil sample with 0% cement dust
revealed high shrinkage; the shrinkage behavior for such soil may be critical (Altmeyer, 1956). It
is expected that this soil's expansive behavior is critical (high expansive behavior), Holtz et al.,
2011. As an attempt to decrease the negative effect of this behavior, plastic soil was mixed with
5%, 10%, 15%, and 20% of cement dust and shrinkage have been measured, Fig. 2. As can be
seen in Fig. 2, the mixing of 5% of cement dust has a negative effect on the value of linear
shrinkage where the linear shrinkage value was increased at this content. With further increases in
dust content (above 5%), the plastic soil's linear shrinkage was decreased. The total reduction
percent in linear shrinkage was 55% at cement dust content 20%. These positive results indicate
that the critical behavior of plastic soil (high shrink/swell) can be mitigated by mixing the soil with
20% of cement dust.

In this study, the sporadic researches regarding the effect of cement dust on soil plasticity had been
investigated. A series of Atterberg limits tests were carried in accordance with ASTM standards.
As in the shrinkage test, plastic soil was mixed with 5%, 10%, 15%, and 20% cement dust then
Atterberg limits were determined. Fig. 3 shows the tests result. It is clear that the results of the
liquid limit are compatible with linear shrinkage, where the mixing of 5% of cement dust led to an
increased liquid limit value. For mixtures with cement dust greater than 5%, the general behavior
of the plastic soil coincides with that presented by (Jala and Sharma, 2019). The addition of 10%,
15%, and 20% of cement dust reduced the liquid limit of plastic soil. In general, cement dust
caused an increase in plastic limit and a decrease in soil plasticity. Also, there is very slight or no
change in plastic limit values that can be noticed for dust content greater than or equal to 10%.
The general conclusion is liquid limit and plasticity index go to decrease when plastic soil is mixed
with 10% or more cement dust. In contrast, the plastic limit goes to increase with increasing dust
content up to 10%, above this content, the plastic limit, almost was not affected.
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Figure 2. Final Stage Samples and Measured values from linear shrinkage for soil-Cement

dust mixtures.
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Figure 3. Effect of cement dust on Atterberg Limits values.

The optimum cement dust content required to improve the shear strength of plastic soil has been
studied in this paper. The soil was mixed with different contents of cement dust, and samples were
papered at optimum water content and maximum dry density. Then a series of unconfined tests
were carried out according to ASTM D 2166. The cement dust content varied from 5% to 20%,
with an increase of 5%. Three groups of samples were tested. In the first group, the samples were
tested directly after preparation to obtain the undrained shear strength of soil-cement dust mixtures,
Fig.4, while the samples in the second and third groups were cured for a while of time before
testing. It is obvious that samples that tested directly with 15% of cement dust possess a maximum
undrained shear strength, cu. Also, one can be seen that the cu values for soil with 10% and 20%
of cement dust are very closed to cu value of natural soil. Accordingly, the mentioned dosage (i.e.,
15%) was chosen as optimum dust content to improve the undrained shear strength of compacted
plastic soil. On the other hand, the addition of 5% of cement dust has a negative effect on the shear
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strength of plastic soil. This negative effect is compatible with that in liquid limit and shrinkage
tests.

100
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0 5 10 15 20

Cement Dust %

Figure 4. Undrained shear strength of soil-cement dust mixtures (without curing).

Fig. 5 shows that the cu values of treated plastic clay are highly affected by the curing period. In
general, an increase in cu values can be observed for different cement dust contents. The curing
caused an improvement in cy values for different degrees. The soil samples stabilized with 15%
and 20% of cement dust are seen highly affected by the curing period. Table 1 presents the
improvement ratio (the difference between cu of soil without cement dust and cu of clay with
different cement dust contents) cement dust divided by cu of soil without cement dust), with curing
time (3 and 7) days. For each dust content. the improvement ratio is proportioned to curing period,
best improvement ratio was recorded for dust content of 20%, while the least improvement ratio
was recorded for soil samples with 5% cement dust. The 3- and 7-days improvement ratio's
exceeded 100% for soil with more than 10% dust, furthermore, the undrained shear strength was
increased more than three times when plastic soil that mixed with 20% cement dust was curried
for seven days. Accordingly, the mentioned curing period can be adopted as optimum curing
period with optimum dust content (20%) to improve the undrained shear strength of compacted
plastic soil.
Table 1. Improvement ratio with curing time.

Cement Dust %
Curing Period, days 5 10 15 20
0 -3.4 12.7 39.5 5.2
3 47.2 138.2 263.2 216.8
7 89.1 245.0 255.5 384.2
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Figure 5. Undrained shear strength of soil-cement dust mixtures.

The stress and strain behavior of soil-cement dust mixtures have been studied. Figs. 6 to 8 present
stress-strain relationships (from unconfined test results) for soil mixed with different contents of
cement dust and cured for different periods. It can be noted that the relationship for the soil without
dust is of ductile behavior. In comparison, the pattern of stress and strain relationships for soil-
cement dust mixtures are of brittle nature. This behavior is more pronounced in Figs. 7 and 8, as
the curing period increased, higher strength was recorded with less axial strain. With a 7 days
period, mixtures of soil with 15% and 20% cement dust showed the same brittle pattern with higher
strength and less strain. Fig. 9 shows the variation of strain failure with dust contents for different
curing periods. A particular effect of 3days curing on the failure strain can be noted for dust content
below 15%; the curing reduces the failure strain of the mixtures. For all periods of curing, similar
failure strains are noted at a dust content of 15%.
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Figure 6. Stress-strain relationships for soil-cement dust mixtures without curing.
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Figure 7. Stress-strain relationships for soil-cement dust mixtures cured for 3 days.
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Figure 8. Stress-strain relationships for soil-cement dust mixtures cured for 7 days.
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Figure 9. Variation of strain failure with dust contents for different curing periods.

5. CONCLUSIONS

This study presents the results of experimental testing carried out to investigate the effects of
cement dust on shrinkage, plasticity, and strength properties and behavior of plastic soil. The
results show that the shrinkage of the plastic soil decreases with increasing the dust content. The
critical behavior of plastic soil (high shrink/swell) can be mitigated by mixing with 15% or 20%
of cement dust. Regarding soil plasticity, the liquid limit and plasticity index go to decrease when
plastic soil is mixed with 10% or more cement dust; in contrast, the plastic limit goes to increase
with increasing dust content up to 10%, above this content, the plastic limit, almost are not
affected. The undrained shear strength, cu, of plastic soil mixed with 10% or 20% cement dust are
very closed to cu of natural soil. The dosage of 15% of cement dust can be chosen as an optimum
dust content to improve the undrained shear strength of compacted plastic soil. The undrained
shear strength increases more than three times when plastic soil is mixed with 20% cement dust
and curried for seven days. The pattern of stress and strain relationships for soil-cement dust
mixtures are of brittle nature, while it is of ductile behavior for natural soil. As the period of curing
increases, higher strength is recorded with less axial strain. The period of curing plays a major role
in the stabilization of soil with cement dust. Thus further study for 28 days curing is recommended.
Finally, it found that adding 5% of cement dust has a negative effect on the shrinkage factor, liquid
limit, and shear strength of plastic soil.
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NOMENCLATURE

cu = undrained shear strength, kPa.
UCT = unconfined compression test.
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