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Abstract: In the current study, the effects of three types of additive (lime, cement and
cement kiln dust) on the plasticity of a soil are studied. The results of the study
indicate plasticity index are affected by the addition of (cement, lime and cement kiln
dust) and the effectiveness of these additives depends on the soil treated and the
amount and type of additive used. The main results show that with increase of
Additive the plastic limit increases and liquid limit decreases, hence decreases
plasticity index and it is revealed that a change of soil texture takes place. While
Addicrete BV does not effect on the Atterberg limits or the soil texture of the soil.
Then the plasticity properties of the soils including liquid, plasticity and shrinkage
limits as well as plasticity index were investigated and compared among the
specimens in different mixture proportions. Atterberg limits (Plastic limit “PL”,
Liquid limit “LL”, and Plasticity index “PI” = LL-PL) play an important role in soil
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identification and classification.
Keywords: Soil, lime, cement, cement kiln dust, liquid limit, plastic limit.

INTRODUCTION
Plasticity

workability.

One of the important and principle aims of this
study was to evaluate the changes of liquid, plastic
limits, and plasticity index with addition of lime,
cement, and cement Kiln dust. To achieve this objective,
Atterberg limits test (including PL, LL, and PI) was
conducted on both natural soils and different lime,
cement, and cement kiln dust-soil mixtures, for the
three studied additives according to consistency test of
DIN 18 122-1.

The improvement of engineering properties of
soil by adding chemicals such as cement, lime and
cement kiln dust , often alters the physical and chemical
properties of the treated soil. There are the two primary
mechanisms by which chemicals alter:

e Increase in particle size due to cementation, change
in the plasticity properties, and reduced
deformation potential.

e Absorption and chemical binding of moisture that
will facilitate compaction.

It is more than several years that the focus of the
researches has been on the stabilization of soils using
various additives such as lime, cement, fly ash,
industrial waste products, potassium nitrate, calcium
chloride and phosphoric acid [1-3].The beneficial

Atterberg limits (Plastic limit “PL”, Liquid limit “LL”, and Plasticity index
“PI” = LL-PL) play an important role in soil identification and classification. These
parameters indicate to some of the geotechnical problems such as swell potential and

effects of cement treatment on the performance of a
broad range of soils have been widely presented by
previous researches [5-8].

LITERATURE REVIEW
Cement Kiln Dust (CKD)

Cement kiln dust (CKD) is a finely divided
particulate material similar in appearance to Portland
cement. During the manufacture of Portland cement, a
large amount of dust is collected from kiln exhaust
gases and disposed in landfills. The problem of
disposing and managing solid waste materials in the
industrial countries has become one of the major
environmental, economic and social issues. The Cement
Kiln Dust (CKD) has cementitious properties that make
it an effective stabilizer for certain soil types. CKD
represents a potentially useful and cost-effective. CKD
is being used increasingly for soil stabilization. CKD
has been used as a soil additive to improve the texture,
increase strength and reduce swell characteristics.
Treatment with cement kiln dust was found to be an
effective option for improvement of soil properties,
based on the literature review as a part of this research
the plasticity was reduced [9]. Studied the effect of
cement waste dust and lime on black cotton soil. Author
observed that comparing three groups (Soil, Soil+CKD,
Soil+CKD+Lime), Cement dust provides substantial
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and durable benefits when used as stabilizing agent for
BC soil. Significant change in plasticity index of BC
soil used with cement dust [10]. Studied the effect of
cement kiln dust on silty-clay Authors observed an
increase in OMC and decrease in MDD were observed
with increasing amount of CKD..

B. Lime Stabilization

Lime is widely used in civil engineering
applications [11-23]. Found that when lime is added to
clay soils in the presence of water, a number of
reactions occur leading to the improvement of soil
properties. These reactions include cation exchange;
flocculation and carbonation .The cation exchange takes
place between the cations associated with the surfaces
of the clay particles and calcium cation of the lime. The
effect of cation exchange and attraction causes clay
particles to become close to each other, forming floc;
this process is called

Flocculation is primarily responsible for the
modification of engineering properties of clay soils
when treated with lime. Adding of lime significantly
reduces the swelling potential, liquid limit, plasticity
index and maximum dry density of the soil, and
increases its optimum water content.

Cement Stabilization

Cement stabilization is similar to that of lime
and produces similar results. Cement stabilization
develops from the cementitious links between the
calcium silicate and aluminate hydration products and
the soil particles. Add cement to clay soil reduces the
liquid limit, plasticity index and swelling potential, also
it causes increasing the shrinkage limit and shear
strength “[24, 16-18].

Atterberg Limits

Investigated the change in Atterberg limits in
different soil samples treated with CKD [25]. The
results indicate that an increase in CKD increases the
plastic limit, decreases the liquid limit thus, significant
PI reduction occurs with CKD treatment, especially for
soils with high PI. Cement increases plastic limit and
reduces liquid limit, which mainly reduces plasticity
index.

Lime changes the Atterberg limits of the soils.
An increase in lime content decreases the liquid limit,
increases plastic limit and that leads to a significant
decrease in plasticity index (figure 1).
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Fig-1: Relationship between Atterberg limits with lime content

MATERIALS
The following materials have been used in this
study with definite properties as cited below:

Soil

The soil sample was obtained from Al-Hilla
city center. Tables (1 and 2) show chemical and
physical properties respectively for the original soil.

Table-1: Chemical Properties of the Original Soil

Chemical properties Value
Sulphate Content % 1.1
Gypsum Content % 2.48
Total Soluble Salts Test% 2.9g/L
Chlorides CL 58.81 meqg/L
Organic Matter Content% 0.95 g/kg
PH-Value 8
Cat++ 7.8 meg/L
Mg++ 5 meq/L.
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Table-2: Physical Properties of the Original Soil

Soil Properties

Original Soil

LL %

50

PL %

25

Pl %

25

Water Content (%)

23.0

Specific Gravity

2.7

O.M.C (%)

21

M.D.D (gm/cm?®)

1.7

% of Fines

94.5

AASHTO
Classification

A6

Unified Classification

Silty Clay

Water

Water shall be tested in accordance with and
shall meet the suggested requirements of AASHTO T-
26[26]. Water known to be of potable quality may be

used without testing. Distilled Water is used in specific
gravity and hydrometer tests. For other tests and curing,
tap water has been used. Table (3) shows the chemical
properties for tap water.

Table-3: Chemical Properties for Tap Water

Property

Value

PH

7.6

EC

960Mus

Turbidity

Nephelometic Turbidity

1.63N.T.U

Unit

Total Hardness

276 mg/L

Chloride

112 mg/L

Mg

13.46 mg/L

Ca

218 mg/L

S04

181mg/L

PO4

0.3 mg/L

Na

77 mg/L

K

3.8 mg/L

TDS

478 mg/L

Cement Kiln Dust

Cement Kiln Dust (CKD) is a powdery by-
product of the Portland cement manufacturing process.
As the raw materials for making cement are heated and
tumbled in Kiln, dust particles are shaped and passed
with hot exit gases. Sample of CKD was attained from
Al-Kufa cement factory. The beneficial properties of

CKD and its cost effectiveness compared with other
type of stabilizers have led to its use as a popular
stabilization agent in recent times. The chemical
composition of the dust is reported in Table 4. CKD
was added at percentages (0, 3, 6, 9, and 12) % of soil
weight.

Table-4: Chemical Composition of Cement Kiln Dust

No. | Chemical Composition Value
(Oxide Compound)

1 AlL,O; 5.1
2 CaO 46.6
3 SiO, 16.2 Unit
4 Fe,03 3.01
5 MgO 2.7
6 SO; 5.2
7 Na,O 0.5
8 K,0 0.15
9 Loss of Ignition 24.34
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Cement have been done. The tests held according to 1.0.S
Sulphate resistance Portland cement (Jeser) has standard, No 5, 1984. Tables (5) and (6) show these

been used in this research. In order to obtained chemical chemical and physical properties, respectively

and physical properties, chemical and physical tests

Table-5: Chemical Properties of Sulphate resistance Portland cement

Lime

Composition Test Results | Limits According to 1.0.S
Ca0% 67.71
SiO, % 18.8
Al,0; % 4.6
Fe,03; % 4.3
MgO % 2.19 <5%
<2.5% if
< 50,
SO: % 1.29 e
if C3A >5%
Insoluble Residue% 0.12 <4%
TOTAL 99.01
Properties Test Results | Limits According to 1.0.S
Free Lime % 0.66
Insoluble Residue% 0.69 <1.5%
Lime Saturation Factor 0.79 0.66-1.02
Modulus Silica 2.48
Modulus Alumina 0.89
C3S % 51.89
C2S % 22.6
C3A % 2.86 <3.5%
CAAF % 16.10
Table-6: Physical Properties of Sulphate Resistance Portland Cement.
Properties Test Result Limits ,IAg:cérdmg 0
. . . Initial | 119 > 45 min
Setting Time (min.) Final | 232 <600 min
Flnenessz(BIalne) in 310 > 230
m- /Kg
Compressive 3 days 18.35 >15
StrengthMN / m*: 7 days 28.62 >23

The lime used in this work is hydrated lime Ca
(OH) , from Kofa-lime factory in Irag. The lime to be
used may be either hydrated or quicklime, although

reason is that quicklime is highly caustic and dangerous

most stabilization is done using hydrated lime. The

Table-7: Chemical composition for lime used in the study

Properties Value (%) 1.0.S standard
Activity 72.1 o
CO% 1.8 Not more than 5%
Mg% + CaO % 87.6 Not less than 64 %
MgO% 0.5 Not more than 5%
Fe,04% 0.15 Summation of oxide not
Al;05% 08 more than 5%
Si0,% 1.49
SO3% 0.32
Loss Of Ignition 242 | -
)90u( Retained On Sieve 4.1 Not more than 10 %
Ca (OH)2 % 868 | 0 -

to use .Table (7) shows the chemical composition of
hydrated lime that is tested according to the 1.0.S
standard, No. 807, 1989
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SAMPLE PREPARATION AND
METHODOLOGY

Initially, oven-dry soil was thoroughly hand
mixed with each stabilizer or combination of stabilizers
in a large tray in a dry state. The testing program in this
study can be summarized as follows:-

Classification tests include physical tests that comprised
the water content, specific gravity, Atterberg limits,
grain size analysis, hydrometer and maximum dry
density

Atterberg Limit

The liquid limit and the plastic limit tests for
original soil and soil with additives (lime, cement,
cement kiln dust) were carried out according to the
ASTM D-4318.The plasticity index (PI) is explain
below:

Plasticity Index (PI)

A reduction in the plasticity index is often used
to determine the effectiveness of (lime, cement and
cement Kiln dust) treatment on a particular soil.
Atterberg limit tests were conducted according to
AASHTO T-89 and AASHTO T-90[27]. In this
research the soil was dry mixed with the additives
(lime, cement and cement kiln dust) and allowed to
mellow prior to initiating the test. The percentages of
additive were (0, 3, 6, 9, 12) % from the weight of soil.
The reduction in the Pl is caused by flocculation and
agglomeration of clay particles in the presence of Cao
[28]. Figure(1l) to Figures (3) shows soil-additives
mix, liquid limit test and plastic limit test respectively at
different  percentages of additives .Enhanced
workability of materials has been shown to be
associated with reduction in plasticity index [29, 30]. A
series of tests with different cement content were
conducted to determine the effect of cement content on
the Atterberg limits of Palouse and Aberdeen soils.
Note that, since the Everett soil is sandy, plasticity
limits were not considered. Tests were conducted 30
minutes after addition of cement according to ASTM
D4318 [31]. Atterberg limits tests were conducted 30
minutes after addition of cement according to ASTM D,
4318[31].Whereas the Atterberg limits were done on
the soil samples two-days after addition of lime.

RESULTS AND DISCUSSIONS
In order to examines the effect of additive
type and additive percent on atterberg limits (LL, PL,

PI), specimens of the original soil were fabricated at
five different percentages of additive (0,3,6,9,12)% and
three types of additive(lime ,cement and cement kiln
dust) and then made comparison between them. The
obtained results for these comparisons are presented in
Figures (2) to (4). In these Figures, indicate that initially
liquid limit of the soil-additive mixture specimens
decreased slightly at the addition of 3% additive (lime,
cement and cement kiln dust). In other word. While
plastic limit increased slightly relatively constant.
Consequently the plasticity index of soil-cement
mixture decreased initially (in cement content equal to
3%) with increasing of additive content. But best
results for liquid limit, plastic limit and plasticity index
are obtained when we use cement. Cement shows more
reduction in the plasticity index (PI) and 12%represent
best percentages for all additives.

It must be noted plasticity index Pl for CKD
treated soil are noticeably lower than that attained by
addition of cement [32]. However, it is noted that due to
lack of standards and guidelines, The Environmental
Protection Agency (EPA) has reviewed and studied the
impact of CKD on human’s health and environment. It
is concluded that the health and environmental risks
associated with CKD are low. However, there is a
potential danger to human’s health and environment
under particular circumstances and may damage or burn
the skin (third degree burn) It can be seen that liquid
limit increased initially and decreased gradually as
cement content increased. Plastic limit increased
initially and remained relatively constant with
increasing in cement content. Therefore plasticity index
increased initially and decreased as cement content
increased. The addition of lime resulted in a reduction
of the liquid limit in comparison with the natural soil.
This fact complies to the results obtained by other
investigators [33-35] who have observed a significant
reduction in the LL of fine-grained soils following their
treatment with additives. The admixture of lime rapidly
initiates flocculation and cation exchange reactions,
leading to a reduction of the specific area of the soil.
The reduction of the thickness of the diffused double
layer causes the reduction of the liquid limit. In this
stage Atterberg limits tests with different cement or
lime contents were done to determine the effect of
stabilizer contents on the Atterberg limits of the soil.
From our study we found the best additive is cement
and (12%) best percentage of additive (cement) which
gives less plasticity index for the tested soil.
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