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Abstract: Soil stabilization with tiny particles
is a newly investigated topic that has mostly
been studied in the laboratory and requires
additional investigation before it can be applied
in the field. The present study studies nano-
calcium carbonate, an almost unknown
nanomaterial addition for swelling soil
stability. The study ascertains the ideal
proportion of nano-calcium carbonate to
improve soil. Soil samples were divided into
three groups. The first group only mixed
genuine soil with 4% lime, the second group
mixed only natural soil with different
percentages of nano-calcium carbonate (0.3%,
0.7%, 1.1%, and 1.5%), the third group was
outfitted by changing the percentages of nano-
calcium carbonate, i.e., 0.3%, 0.7%, 1.1%, and
1.5%, added to the mixture (soil plus 4% lime).
Several tests were performed on this mixture,
with all samples exposed to time for cure at 1, 7,
and 28 days. The results showed an
improvement in the Atterberg’s limits, as they
decreased with increasing the percentage of
lime and nano-calcium carbonate addition. It
also showed an improvement in the unconfined
Compression Strength (UCS). The ideal dosage
for improving UCS was 0.7% nano-calcium
carbonate and lime addition, which generated a
UCS at 28 days of curing, nearly five times more
than untreated soil.
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1. INTRODUCTION

Expansive soils are widespread worldwide,
especially, in the arid and semi-arid regions.
These soils are considered very dangerous to
engineering structures when built upon, due to
their tendency to swell and shrink during wet -
dry seasons [1-4]. The study area has a flat
terrain consisting mainly of clay and silt
deposited by the Tigris, Euphrates and Karun
rivers [5]. The importance of quaternary
deposits lies in being the foundation on which
the shallow and deep foundations of
engineering structures rest [6]. These deposits
are dominated by minerals chlorite, illite,
kaolinite and silica [7]. Mahmood and Daham
[8]. The swell qualities chosen for Al-Faw soils
on the surface were studied. It was determined
that the soils in this region are silty clay or
clayey silt, with swelling effort ranging from
medium to extremely high, negatively affecting
the strength of the city's engineering
infrastructure. Daham and Hadadi [9]
concluded that the higher the groundwater level
and the substantial quantity of sodium salts
found, weaker the soil and the higher its
depressiveness, causing the structures built on
it to collapse. Soil improvement technologies
have been extensively applied to enhance the
geotechnical properties of low-strength soils
that do not meet building requirements,
particularly regarding capacity for bearing.
General ground improvement techniques used
to reduce swelling issues include chemical
additive stabilization, squeezing, overloading,
and water content avoiding them [10].
Chemical and mechanical methods of
modifying and improving have been around for
decades. Raising the value of internal friction
and soil density changes the soil’s texture
mechanic and improves its mechanical
strength. Chemical stabilization modifies the
soil properties by improving the connection
between soil components. As a result, soil
development incorporates diverse ingredients,
such as cement, lime, polymer compounds,

bitumen, emulsions, and reused resources [11-
15]. In geotechnical engineering,
nanotechnology is a new approach. Including of
nanoparticles can alter the soil properties,
emphasizing the possibility of their usage in soil
stabilization. Due to their low cost, rapidity, and
environmental friendliness, nanomaterials
have increased enormously in demand in the
past few years [16]. Majeed et al. [17] added
various nanomaterials to the soft clay. The
study indicated enhancements in the
unconfined compressive strength, linear
shrinkage, plasticity index, and maximum dry
density. It was concluded that adding fine
particles such as nanomaterials, can enhance
and improve soil properties even in low doses.
Regular magnesium oxide (R-MgO) and nano
magnesium oxide (N-MgO) were used by Taha
et al. [18]. At 1 and 28 days of curing, the
greatest percentages of the plastic limit were
21.8% and 24.7% for 1.0% (N-MgO)., The
minimal liquid limit values for the 0.3% (N-
MgO) admixture reached 27.3% and 26% for
the first and 28 days of cure, respectively.
Despite this, the (N-MgO) significantly
impacted on lowering the treated soil's
plasticity index values. Alsharef et al. [19]
clarified the impact of two forms of
nanocarbons on compaction characteristics:
multiwall carbon nanotubes and carbon
nanofiber. Since nanocarbons tend to fill the
voids in the soil skeleton and the optimal
moisture content drops, as a result, they
concluded that there is a relationship between
employing the ideal ratio of nanomaterials and
raising the optimum water content.
Additionally, because nanomaterials have a
higher particle density than natural soil, treated
soil significantly increased dry density. Naval et
al. [20] examined how to improve Singapore's
swelling soil using nanomaterials. The study
indicated the possibility of reducing swelling in
the soil when adding nanomaterials thus
making the soil suitable for construction.
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Kannan et al. [21] pointed out that the UCS of
the treatment's poorly sand-compacted soil
compared to untreated soil showed the ideal
dosage of 0.4% nano-calcium carbonate , with a
55% UCS increase obtained within two hours of
combining the components, as well as a 194%
UCS improvement organized for 9o days of
curing. From the beginning, gains in strength
were accomplished using void filling, with
greater strength acquired after additional
curing due to weakened crystalline CSH gel
formation. The present study focuses on
nanomaterials, because few studies have been
conducted on improving expansive soil with
these materials. Thus, this study presents the
findings of scientific testing to clarify the effects
of employing nano-calcium carbonate on
improving certain swelling soil geotechnical
properties.

2.LOCATION OF SOIL SAMPLE
COLLECTION

The study region is in Iraq's southeast. Sixteen
locations in Basrah were chosen in Faw City
between longitudes (48.117180 and 48.519784)
east and latitudes (29.868122 and 30.268181).
The climate of Al-Faw City is cold and humid in
the winter and hot and dry in the summer, high
percentage of solar radiation, lack of rain, and
high humidity compared to the rest of the
country due to its nearness to bodies of water
and the northern and northwest coasts of the
Arabian Gulf [22].

3.MATERIALS AND PROCEDURES
3.1.Field Work

To comprehend soil behavior and choose the
most suitable areas for this study, fieldwork was
performed in Al-Faw in November 2023.
3.1.1.Sampling

To recognize their classification properties and
determine the type of soil, samples used in this
study were taken from sixteen sites at a depth
of about 1.5-2.0m below the surface of Al-Faw
City.

3.1.2.So0il

The soil used for this study was from Al-Faw
city, in southern Iraq. Table 1 displays the soil’s
physical properties.

3.2.Additives to the Soil

a) Lime: Selected 4% of the hydrated lime,
found according to the method of Ref.
[23], was added based on the weight of
the dry soil, where the lime blends well
inside the sealed plastic packaging. Then
the water was gradually added to the mix
and left for an hour from the beginning of
adding water. Table 2 summarizes the
chemical composition of the lime used in
the research.

b) Nano-calcium carbonate: Nanoparticles
have been used in certain amounts as a
substitute for lime to improve the lime
reaction efficiency. The soil was treated
with 0.3%, 0.7%, 1%, and 1.5% nano-

calcium carbonate. The tested soil was
dried in an oven before being modified.
The nano-calcium carbonate material
was then separated into small quantities.
To obtain the desired weight (based on
dry soil mass), the required dosage was
added. Small amounts were then blended
and thoroughly mixed to guarantee
homogeneity. Table 3 lists the NCC
material properties.
¢) Four percent of the dry soil weight was
applied as lime. As a replacement
material for lime, the percentages of
CaCo3-Nano material were 0.3%, 0.5%,
1.1%, and 1.5%. After mixing the lime and
nanoparticles in a particular ratio, the
mixture was added to the soil and mixed
using the water mixer next to it.
3.3.Characterization of Materials
The soil sampled was silty clay, which the
United Soil Classification System (USCS)
categorized as Clay high plasticity (CH). The
soil comprised 64% clay, 35% silt, and 1% sand.
Table 1 lists several geotechnical properties of
the test soil. The natural water content of the
soil examined was 16%, the liquid limit was
63%, the plasticity index was 31%, the activity
was 0.48, the maximum dry density was 17.2
kN/ms3, the optimal moisture content was 17%,
and the unconfined compressive strength was
26 kN/m?2, Table 3.

Table 1 The Studied Soil Properties.

Properties Standard Values
Specifications

Clay% ASTM D7928-21e1 64%

Silt% ASTM D7928-21e1 35%

Sand ASTM D7928-21e1 1

Liquid limit ASTM,D4318 — 17 63%

Plastic limit ASTM,D4318 — 17 32%

Plasticity index =~ ASTM,D4318 — 17 31%

Swelling - High

Potential

Shrinkage limit ~ASTM,D4318 — 17 32%

Maximum dry ASTM D698-12 17.2

density kN/ms3

Optimal ASTM D698-12 17%

moisture

content

Natural water ASTM D2216-05 16%

content

Unconfined ASTM 26

compressive D2166/D2166M-16

strength kN/m?

Organic matter ~ BS.1377: 1990 2.93%

SO, BS. 1377: 1990 0.22%

Chloride BS.1377: 1990 0.71%

CaCO3 BS.1377:1990 9.7%
Table 2 The Chemical Composition of the Used
Lime.

Properties Standard Values

specifications

CaCos; % BS.1377:1990 6.2

Cao% BS.1377:1990 6.1

Ca(OH). BS.1377:1990 74.09

SiO. BS.1377:1990 11.1

Al:O4 BS.1377:1990 0.17

H-0 ASTM E203 0.09
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Table 3 The Nano Calcium Carbonate Material
Properties Used in the Study.

Properties Standard Values
specifications

Average grain ASTM C775-79 15-40

size (nm)

Color - White

Whiteness ASTM 313-2020 93%

pH BS.1377:1990 6-8

Specific Surface ASTM C1069 40

Area(m?/g)

CaCos BS.1377:1990 >97.5%

MgO BS.1377:1990 <0.9

Fe BS.1377:1990 <0.1%

Morphology - Cubic

3.4.Laboratory Test

3.4.1.Grain Size Distribution

The test determined the grain size by wet
sieving to separate the grains of gravel and sand
from the silt and clay and then using a
hydrometer. The College of Sciences'
Department of Geology examined soil samples
while following the approach for particle size
analysis described in [24].

3.4.2.Atterberg‘s Limits

Sieving the soil via sieve number forty (0.425
mm) was the first step in determining
Atterberg’s limits. The liquid limit was
continuously checked first as a general
guideline. A total of 25 drops were required to
fill a 13-mm piece of groove carved into the soil
sample, which was the liquid limit on one side,
when the soil transitioned from a plastic to a
liquid form. The percentage of water at the
transition between the semi-solid and plastic
states, on the other hand, was the plastic limit.
The plastic limit was calculated using a
gravimetric water content, in which a hand-
rolled thread of soil with a 3 mm diameter may
be formed without breaking. The plasticity
index for each dosage was calculated using the
liquid and plastic limit test results [25]. The
Atterberg’s limits tests were conducted at the
Geological Laboratory, College of Science,
Basra University.

3.4.3.Proctor Compaction Test

The test process involves mixing soil with
various amounts of water before compacting.
The standard Proctor test was used to estimate
the highest dry density and the optimal
moisture amount [26]. The compaction testing
conducted in the College of Science Department
of Geology.

3.4.4.Unconfined Compression Test

The main objective of this test is to assess
unconfined compressive strength. Unconfined
compressive strengths are the level of stress
where an unconfined cylinder specimen of soil
breaks in a sample compression test. In a
sample compression test, the compressive
stress where an unconfined cylinder specimen
of soil fractures is known as the unconfined
compressive strength. The greatest load
attained per unit area is determined by this test
method using unconfined compressive

strength. This procedure is performed in the
Uniaxial compression machine with [27], and
the National Center for Construction
Laboratories (Basrah Laboratory) examined
the samples.

4.RESULTS AND DISCUSSION
4.1.Grain Size Distribution

Using the unified standard classification of soil
(USCS), Figs. 1, the grain size analysis results
were used to identify Al-Faw soil. Al-Faw soil
has three types of soil: silty clay with low
plasticity (CL), silty clay with high plasticity
(CH), and clayey silt with low plasticity (ML).
The change in sedimentary facies during the
region's recent sedimentary history clearly
impacted the soil type. The region has
experienced many sedimentary environments
due to the periodic fluctuation of the Earth's
surface level, climatic changes, and tectonic
activity. The southern section of the
Mesopotamian Plain, including Al-Faw city,
was covered in Holocene sediments, i.e., delta,
river, and marine deposits almost identical to
present conditions [28]. Clay percent
significantly affected the engineering behavior
of the soil, reducing soil permeability and
increasing water mobility due to the capillary
characteristic [29], as well as increasing the
soil's compression and susceptibility to
impulse, or the so-called swelling phenomenon.
Clay soils were the most affected by swelling
and shrinkage [30]. The clay compressibility
was moderate and required careful regulation
of water content. If the water is close to the
foundations, it will run through the cracks and
gather at the base, resulting in losing the soil

much of its bearing capacity.
70

50 Particle size distribution

50

Passing%
w -
=] =]

N
S

=
15

0 S1 52 S3 54 S5 S6 S7 S8 59 S10511512513514515516
Clay%s 53 66 64 57 61 58 54 56 53 54 56 57 56 61 59 55
Silt% 46 31 35 38 37 38 44 43 43 44 43 44 43 35 39 42
Sand% 1 3 1 5 2 4 2 1 4 2 1 1 1 a4 2 3

Fig. 1 Particle Size Distribution of Study Area.
4.2.Atterberg’s Limits

The swelling soil engineering properties were
tested. Figs. 2 and 3 display the results after the
test results were examined. The liquid limit and
plasticity index decreased; however, the plastic
limit increased with the proportion of added
lime and nano-calcium carbonate. Numerous
studies indicated that the soil type may impact
the treated soil's drop in liquid limit [31]. The
aversion to water at the clay surface may be
connected to the reduction in the treated soil's
liquid limit. Water absorption when the added
material contacts the soil generally causes the

jTikrit Journal of Engineering Sciences | Volume 32 | No. 1! 2025

roze A0



https://tj-es.com/

j Haneen N. Abdulamer, Huda A. Daham / Tikrit Journal of Engineering Sciences 2025; 32(1): 1615. :‘

treated soil's plastic limit to rise. The results
indicated a decrease in these limits and the
possibility of increasing soil strength when
increasing the nanomaterial content. Soil
enhancement was motivated by decreasing the
plasticity index. Thus, the reduction in
plasticity index indicated that the soil enhanced
when the nanomaterials were added to the
natural soil even at in small amount [32]. The
inference that may be drawn is that the particles
of nano-calcium carbonate materials occupy
the tiny openings in the mineral, obstructing
the passage of water and minimizing soil
swelling.

4.3.Proctor Compaction Test

This test is used to determine the effects of lime
and nano-calcium carbonate on the maximum
dry density and ideal moisture content
measurements for soil samples. Figures 4-6
show the test results. It is clear that adding lime
alone decreased the OMC% and lowered the
maximum dry density. Also, the percentage of
dry density can be changed by changing the
applied proportion of nano-calcium carbonate.
The results showed that the untreated soil had
a maximum dry density value of 17.2 kN/ms3.
After being treated with nano-calcium
carbonate, it decreased to 16.6 kN/m3, 16.7
kN/ms, 15.58 kN/ms3, and 15.3 kN/m3 by adding
nanoparticles at concentrations of 0.3%, 0.7%,
1.1, and 1.5%, respectively, for one day cure. The
optimal moisture content of the untreated soil
was 17% and ranged from 15% to 14.2% when
treated with 0.3% and 1.5% nano-calcium
carbonate. When nano-calcium carbonate was
used with lime, the MDD decreased compared
to the sample soil with only 4% lime. Increased
NCC and NCC replaced with 4% lime content
reduced MDD and OMC. The ability of
nanomaterials to absorb water from the soil has
been correlated with a decrease in water
content. Furthermore, when the nanoparticles
were added to the soil, the ideal moisture
content dropped due to the substantial surface
area of the powdery nanomaterials. These
outcomes were compared with those of Tarsh et
al. [33] and Taha and Taha [34]. Furthermore,
according to Bowles [35], a decrease in the
volume of pores in the soil structure dropped
the moisture content.

Liguid limits
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Fig. 2 (A, B, and C) Variation of Atterberg’s
Limits of Soil Treated with NCC%.
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Fig. 3 (A, B, and C) Variation of Atterberg’s
limits of soil treated with NCC% and lime4%.
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Fig. 4 MDD and OMC variations in untreated,
Nano-calcium carbonate, and 4%lime-treated
soil for 1-day curing.

20

7Days curing
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—8— MDD with NCC+Lime
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Fig. 5 MDD and OMC variations in untreated,
Nano-calcium carbonate, and 4%lime-treated
soil for 7 days-curing.
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NCC% dosing

Fig. 6 MDD and OMC variations in untreated,
Nano-calcium carbonate, and lime-treated soil
for 28 days curing.

4.4.Unconfined Compression Strength
(uces)

Fig. 7 and 8 demonstrate the consequences of
substituting nano-calcium carbonate for lime.
As observed, USC increased when lime was
substituted for nano-calcium carbonate by
0.3%, 0.7%, 1.1%, and 1.5%. The reduction was
because the nano-calcium carbonate has a
sizable area of interaction, which expands the
pozzolanic reaction's area. Adding lime may
have enhanced the pozzolanic process, as
evidenced by the increased strength of the
gypseous samples treated with lime [36].
Therefore, there are a lot of pozzolanic
products. The highest amount was produced
while the soil was amended with lime and 0.7%

nano-calcium carbonate, and the compressive
strength increased with curing time [37]. In
general, calcium carbonate's reactivity
increases as its particle size decreases to the
nanoscale. This increase in nano-calcium
carbonate reactivity encourages connections to
soil clay minerals. It is essential to recognize
that the increase in the soil's void ratio results
in a conglomerate of nanomaterial particles in
the soil matrix when the amount of
nanomaterials reaches the ideal limit., so there
will be less soil cohesion. Because the contact
area between the soil and the additives
increases with longer curing times, soil
adherence to the addictive material may further
develop. In adhesion will improve the soil
cohesion [38, 39]. Based on these findings, it
can be concluded that adding 0.7% nano-
calcium carbonate to the soils can be
considered an optimum mix for design
purposes to improve the soil since it provides a
maximum cohesion value when added to the
soil.

150

H untreated soil
Soil+0.3%NCC
Soil+0.7%NCC

M Soil+1.1%NCC

m Soil+1.5%NCC

130

110

20

70

qu(kN/m2)

50

30

10
1 7 28

(Age days)

Fig. 7 Nano-Calcium Carbonate Treated Soil
Compressive Strength Varies with Time.

150

H untreated soil

130 H Soil+"0.3%NCC+%lime"
Soil+"0.7%NCC+%lime"
110 H Soil+"1.1%NCC+%lime"
H Soil+"1.5%NCC+%lime"
20 H Soil+"4% lime only"

1 7 28
Age days

Fig. 8 Nano-Calcium Carbonate and Lime-
Treated Soil Compressive Strength Varies with
Time.

Based on the agreement with previous studies,
the results and conclusion drawn above found
that nano-calcium  carbonate  material
significantly impacted soil behavior. This effect
may be attributed to the fact that adding
nanomaterial can modify soil properties,
implying the potential for its application in soil
stabilization. The interesting features of these
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materials stem from the great number of atoms
and molecules at their free surface and the
effects on their surface properties from
physical, chemical and reactivity perspectives.
Due to nanoparticles’ high surface area and
surface charge, even small amounts of these
additives can make noticeable improvements in
soil behavior.

5.CONCLUSIONS

e The values of the liquid limit and plasticity
index gradually decreased with the
percentages of lime and nano-calcium
carbonate  addition, indicating an
improvement in swelling soil.

¢ The optimum moisture content (OMC%)
decreased with increasing adding lime and
nano-calcium carbonate

e In lime with nano-calcium carbonate
stabilized soil specimens by 0.7%, the
amount of curing time significantly
impacted the unconfined compressive
strength; after up to 28 days of curing, the
unconfined compressive strength was
significantly improved.

e In light of the findings above, it is possible
conclude that wusing nano-calcium
carbonate treatment as a sustainable and
environmentally beneficial material holds
the potential for improving swelling soil
behavior.

ACKNOWLEDGEMENTS

The authors would like to express their
gratitude to the Head of the Geology
Department at Basrah University for his
assistance. Postgraduate Research Grant
(PGRG) No. (1655-7-3)/ Date:27/July/2021.

REFERENCES

[1] Al Zubaydi AHT. Effect of Wetting and
Drying Cycles on Swell/Collapse
Behavior and Cracks of Fine -
Grained Soils. Tikrit Journal of
Engineering Sciences 2011; 18(4): 71-79.

[2] Al-Mukhtar M, Lasledj A, Alcover JF.
Behaviour and Mineralogy Changes
in Lime-Treated Expansive Soil at
20 °C. Applied Clay Science 2010; 50:
191-198.

[3] Alkiki IM. Improvement of Expansive
Clayey Soil with Lime Waste. Tikrit
Journal of Engineering Sciences 2006;
13(3): 42-61.

[4] Saride S, Puppala AJ, Chikyala SR. Swell-
Shrink and Strength Behaviours of
Lime and Cement Stabilized
Expansive Organic Clays. Applied
Clay Science 2013; 85: 39-45.

[5] Karim, HH. The Geological and
Structural Situation of the City of
Basrah, Research Accepted for
Publication in the Encyclopedia of
Basra Civilization, The Scientific
Encyclopedia, 1991. (In Arabic).

[6] Mahmood RA, Albadran AA.
Geotechnical Classification and
Distribution of the Quaternary
Deposits in Basrah City, South of
Iraq. Iraqi journal of Earth Science
2002; 2(1): 6-16.

[7]1 Albadran BN. Clay Mineral
Distribution in Selected Location
Along the Tiger and Shatt Al-Arab
Rivers South Iraq. Marina
Mesopotamica 2000; 15(2):493-452.

[8] Mahmood RA, Daham HA. Swelling
Properties for Surface Soils in
Selected Areas of Al-Faw City-
Basrah Governorate, Southern Iraq.
Iraqi Journal of Science 2024; 65(4):
2020-2030.

[9] Daham HA, Hadadi ASY. Evaluation of
Dispersion for Soil Properties from
Faw City- Southern Iraq. Journal of
University of Babylon for Pure and
Applied Science 2023; 31(1): 1-8.

[10] Guney Y, Sari D, Cetin M, Tuncan M.
Impact of Cyclic Wetting-Drting on
Swelling Behavior of Lime-
Stabilized  Soil. Building  and
Environment 2007; 42(2): 681-688.

[11] Behnood A. Soil and Clay
Stabilization with Calcium-and Non-
Calcium-Based Additives: A State-
of-the-Art Review of Challenges,
Approaches and Techniques.
Transportation Geotechnics 2018; 17: 14-
32.

[12] Sabat AK. Utilization of Bagasse Ash
and Lime Sludge for Construction of
Flexible Pavements in Expansive
Soil Areas. Electronic Journal of
Geotechnical Engineering 2012; 17: 1037~
1046.

[13] Bell F. Lime Stabilization of Clay
Minerals and Soils. Engineering
Geology 1996; 42:223-237.

[14] Manikandan A, Moganraj M.
Consolidation and Rebound
Characteristics of Expansive Soil by
Using Lime and Bagasse Ash.
International Journal of Research in
Engineering and Technology 2014; 3:
403-411.

[15]1 Rao DK, Pranav P, Anusha M.
Stabilization of Expansive Soil with
Rice Husk Ash, Lime and Gypsum-—
an Experimental Study. International
Journal of Engineering Science and
Technology 2011; 3: 8076-808s5.

[16] Kajbafvala A, Li M, Bahmanpour H,
Maneshian MH, Kauffmann A.
Nano/Microstructured Materials:
Rapid, Low-Cost, and Eco-Friendly
Synthesis Methods. Journal of
Nanoparticles 2013; 2013(1): 530170, (1-
3).

jTikrit Journal of Engineering Sciences | Volume 32 | No. 1! 2025

roze Al



https://tj-es.com/

j Haneen N. Abdulamer, Huda A. Daham / Tikrit Journal of Engineering Sciences 2025; 32(1): 1615. :‘

[17] Majeed ZH, Taha MR, Jawad IT.
Stabilization of Soft Soil Using
Nanomaterials Research. Research
Journal of Applied Sciences, Engineering
and Technology 2014; 8(4): 503-509.

[18] Taha MR, Jawad IT, Majeed ZH.
Treatment of Soft Soil with Nano-
Magnesium Oxide. 5™ International
Symposium on Nanotechnology in
Construction 2015; Chicago, IL, USA (pp.
24-26).

[19] Alsharef JMA, Taha MR, Firoozi AA,
Govindasamy P. Potential of Using
Nanocarbons to Stabilize Weak
Soils. Applied and Environmental Soil
Science 2016; 2016(1): 5060531, (1-9).

[20]Naval S, Chandan K, Sharma D.
Stabilization of Expansive Soil Using
Nanomaterials. International
Interdisciplinary Conference on Science
Technology Engineering Management
Pharmacy and Humanities Held on 22nd
— 231 April 2017, in Singapore.

[21] Kannan G, OKelly BC, Sujatha ER.
Geotechnical Investigation of Low-
Plasticity Organic Soil Treated with
Nano-Calcium Carbonate. Journal of
Rock  Mechanics and Geotechnical
Engineering 2023; 15(2): 500-5009.

[22] Al-Shalash AH. Climate of Iraq.Coll.
Arts, Univ. Basrah: 84pp, 1988 (In
Arabic).

[23]Hill GH, Davidson DT. Lime Fixation in
Clayey Soils. Highway Research Board
Bulletin 1960; 262: 20-32.

[24]ASTM Dy928-21e1, 2021. Standard Test
Method for Particle-Size Distribution
(Gradation) of Fine-Grained Soils Using
the Sedimentation (Hydrometer)
Analysis. ASTM International, West
Conshohocken, PA, USA.

[25] ASTM D4318 — 17. Standard Test methods
for Liquid Limit, Plastic Limit, and
Plasticity Index of Soil.

[26]ASTM D698-12, 2012. Standard Test
Methods for Laboratory Compaction
Characteristics of Soil Using Standard
Effort (12400 ft-1bf/ft3 (600Kn-M/m3))
International West Conshohocken, PA,
USA.

[27] ASTM D2166/D2166M-16, 2016.
Standard Test Method for Unconfined
Compressive Strength of Cohesive Soil.
ASTM International, West Conshohocken,
PA, USA.

[28]Yacoub SY. Stratigraphy of the Lower
Mesopotamia Plain. Geology of the
Mesopotamia Plain 2011; 4: 47-82.

[29]Hunt RE. Geotechnical Engineering
Investigation Manual Mc Graw — Hill
Book Company, New York 1984; P985.

[30]Al-Taie MA. Soil Mechanic Principles.
Book House for Printing and Publishing,
Mosul University 2001; p574.

[31] Jawad IT, Taha MR, Majeed ZH, Khan TA.
Soil Stabilization Using Lime:
Advantages, Disadvantages and
Proposing a Potential Alternative.
Research Journal of Applied Sciences,
Engineering and Technology 2014; 8(4):
510-520.

[32] Taha MR. Geotechnical Properties of
Soil-Ball Milled Soil Mixtures, In:
Bittnar ZPM, Bartos J. Nemecek V,
Smilauer, Zeman (Eds.), Nanotechnology
in  Construction. Springer, Berlin,
Heidelberg 2009; 377-382.

[33]Tarsh NM, Al-Neami MA, Al-Soudany
KYH. Variation of Consistency
Limits and Compaction
Characteristics of Clayey Soil with
Nanomaterials. Engineering and
Technology Journal 2021; 39(08): 1257-
1264.

[34]Taha MR, Taha MO. Crack Control of
Landfill Liner and Cap Materials
Using Nano Alumina Powder. In:
Guido M. (Eds.), Coupled Phenomena in
Environmental Geotechnics. CRC Press,
Taylor and Francis Group, London 2013;
459-463.

[35]1 Bowles JE. Engineering Properties of
Soils and their Measurement.
McGraw-Hill, New York: 1992.

[36]Abdulrahman HT. Effect of Static
Soating under Different
Temperatures on the lime Stabilized
Gypseous Soil. Tikrit Journal of
Engineering Sciences 2011; 18 (3): 42-51.

[37] Pastor JL, Toméas R, Cano M, Riquelme A,
Gutiérrez E. Evaluation of the
Improvement Effect of Limestone
Powder Waste in the Stabilization of
Swelling Clayey Soil. Sustainability
2019; 11(3): 679, (1-14).

[381Harichane K, Ghrici M, Kenai S. Effect of
Curing Time on Shear Strength of
Cohesive Soils Stabilized with
Combination of Lime and Natural
Pozzolana. International Journal of
Civil Engineering 2011; 9(2): 90-96.

[39]Alireza SGS, Mohammad MS, Hasan BM.
Application of Nanomaterial to
Stabilize a Weak Soil. 7" Conference of
the International Conference on Case
Histories in Geotechnical Engineering
2013; Parker Hall, USA, Missouri
University of Science and Technology: p.
1-8.

jTikrit Journal of Engineering Sciences | Volume 32 | No. 1! 2025

Ty <



https://tj-es.com/

