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Abstract

The study explores the behavior of high-plastic organic soil modified with varying cement
contents (5%, 10%, and 15%) subjected to comprehensive laboratory testing. Analyses encompass
physical, chemical, microstructural, and mechanical behavior assessments. The result implies that
reconstitution significantly impacts physical attributes. Specific gravity initially decreases but
reverts to its initial value at 15% cement content. Liquid and plastic limits increase with increasing
cement content, while the plasticity index decreases initially and increases after a certain cement
content. Similarly, soil minerals primarily comprising quartz, kaolinite, and biotite affect soil
particle cementation and aggregation, leading to larger particle sizes, which was verified by SEM
imaging, which revealed a more flocculated microstructure and larger particle sizes in cement-
treated soil. Furthermore, two power functions are developed first to relate the soil strength with
cement content, ranging from 89.83-601.76 kPa at 5% and 15% cement content, respectively, and
second to relate failure strain with cement content, which demonstrates the enhanced brittleness
characteristics of cement-treated soil. Similarly, an exponential function of cement content well
represented the primary yielding strength (p’; 10-325 kPa) when cement increased in similar
percentages as above. Additionally, the UCS and P, are strongly correlated, following a power
tunction. Finally, this comprehensive analysis underscores the pivotal role of cement content in
soil reconstitution. It emphasizes the significant changes in its physical, chemical, microstructural,
and mechanical properties, offering insights vital for mitigating challenges in infrastructure
development involving lacustrine deposits.
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1. Introduction

Weak or soft soils are cohesive, fine-grained soils with high compressibility and low shear strength. Silt, clay,
and organic soils are the most common types of soft soils. Low-lying areas close to bodies of water, such
as rivers, lakes, and seas, are commonly habitat to several types of soil (Guo et al., 2023). Their unfavorable
characteristics present considerable hurdles when constructing foundations for substantial infrastructures,
potentially leading to excessive settlements or instability. Consequently, employing diverse soil improvement
techniques, such as mixing, compaction, reinforcement, chemical stabilization, etc., becomes imperative to
augment the resilience and stability of the structure throughout the design life (Balasubramaniam et al.,
1998; Broms & Anttikoski, 1984; Jefferson et al., 2015). Previously, research has been conducted on chemical
stabilization methods, including cement, lime, fly ash, rice husk ash, and their combinations (Behak, 2017;
Broms, 1990; Ghosh & Subbarao, 2006; Prusinski & Bhattacharja, 1999). Some studies have explored their
impact on strength development in modified soils, focusing on parameters like initial and final setting
times (Kang et al., 2013) as well as the microstructure and strength behavior of treated soils (Dahal &
Zheng, 2024; Kang et al., 2015, 2024). Cement-based stabilization remains the most commonly used ground
improvement technique, benefiting from advancements in technology (Chew et al., 20045 Dahal et al., 2019;
Dai et al., 2015; Sasanian & Newson, 2014; Uddin et al., 1997; Zhao et al.,, 2016). This method involves soil
modification through cement mixing and compaction, or reconstitution, resulting in changes to the soil’s
physical, chemical, and mechanical properties. These changes depend on factors such as curing time, curing
pressure, and the chemical reactions involved (Chew et al., 2004; Gui et al., 2021; Porbaha et al., 2000). The
key responses in cement stabilization include dehydration, ion exchange, and pozzolanic reactions, which
lead to the formation of cementitious products. Initially, hydrated gel (C,S,H,) contributes to early-stage
strength development, while pozzolanic reactions between calcium ions, soil silica, and soil alumina form
hydrated calcium silicates (C-S-H) and hydrated calcium aluminates (C-A-H). These products alter the soil’s
microstructure by rearranging soil particles and enhancing interparticle bonding (Mitchell R.J., 1970).
Research has predominantly focused on the mechanical behavior and strength of cement-treated soils, with
some studies exploring both microstructural and mechanical changes. The degree of these improvements
is, however, affected by factors such as cement content, curing conditions, and the initial composition of the
soil. These factors govern the physicochemical interactions between cement and soil minerals, which directly
affect the mechanical performance of stabilized soils, as highlighted in earlier studies (Consoli et al., 2006;
Porbaha et al., 2000). In spite of this, few studies have explicitly examined the physicochemical processes and
how they affect the strength and microstructure of soil. According to recent research, the plasticity index
falls in reconstituted marine soils as compared to their original form, but the liquid and plastic limits rise
noticeably with increasing cement presence. Furthermore, if’ particle size expands, denser soil structures
are produced (Dahal & Zheng, 2024). Similar observations have been reported in Singapore marine clay and
Ballina clay (Indraratna et al., 2016; Jan & Mir, 2018; Xiao et al., 2017), where enhanced soil strength has
been correlated with these microstructural changes.

The weathering of rocks inside the valley’s watershed is the primary source of soil in the Kathmandu
Valley. These soils are of lacustrine and fluvial origin, consisting of clayey, silty, sandy, and gravel sediments
(Katel et al., 1996). Sediments with significant recharge rates from the Gorkarna and Tokha formations, i.e.,
coarser-sized sediments, are found on the northern side of the Kathmandu Valley. However, in the southern
and central parts of the valley, the soil mainly consists of fine-grained soil like silt and clay, with occasional
presence of organic material, categorized as soft clayey soils (Shrestha et al., 2023). Soft clayey soil always
has high water content, high compressibility, low permeability, and low shear strength. All these challenges
lead to soil failures, such as excessive settlement and failure of the substructure, leading to consequences
encompassing physical, psychological, societal, and economic impacts. Hence, the initial stage for engineers
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constructing infrastructure involves conducting soil investigations. This process assesses the soil’s quality,
establishing its mechanical, physical, and chemical behaviors (N. K. C. & Raj Dahal, 2020). Few comprehensive
studies have been conducted to evaluate the clayey soil behavior in Kathmandu Valley. Meanwhile, routine
assessments of soil properties like index properties, strength, and consolidation of natural soil are performed
in various infrastructure projects (S. K.C. et al., 2016; Katel et al.,, 1996). Additionally, some studies have
explored soil improvement through compaction at optimum moisture content using additives such as cement,
stone dust (Phuyal & Dahal, 2021), brick dust (Paudel & Kumar, 2022), and eggshell powder (Acharya et al.,
2023). However, there is a noticeable gap in studies focusing on modified soil. This is crucial in understanding
soil behavior for deep cement mixing and jet grouting, especially for major infrastructure projects in clayey
soils in Kathmandu Valley and other similar areas with clayey soil deposits. Therefore, this research is focused
on evaluating modified soil from Khasibazar, Kathmandu using cement and considering the soil’s physical,
chemical, mineralogical, microstructural, and mechanical behaviors.

2. Materials and Methods

2.1 Sample preparation

The methodology adopted in this study was similar to the method employed in the previous research by
Dahal and Zheng (Dahal & Zheng, 2024). The soil sample was collected from Khasibazar (K), Kathmandu
Valley, and general-purpose ordinary Portland cement (OPC) was purchased from the local market. The
sample was transported to Huazhong University of Science and Technology, Wuhan, China, for further
analysis. The soil was air-dried at room temperature, powdered, and mixed with different cement contents,
such as 5%, 10%, and 15% (coded as K-5, K-10, and K-15) at 100% water content by dry soil mass (Kang et al,,
2013). The water content for modified soil is generally maintained at 1.25 times the liquid limit (LL) or more
significant than natural moisture content; the soil represents the actual field condition just after grouting.
The mixture was poured into moulds and cured for 28 d (25 °C). Then, the samples were tested for physical,
chemical, mineralogical, microstructural, and mechanical soil behaviors.

2.2 Experimental programs

2.2.1 Physical properties

Atterberg’s limits and particle size distribution (PSD) analysis were performed to study changes in physical
properties and specific gravity. For specific gravity, after 28 d of curing, the modified soil samples were oven-
dried, crushed, and sieved through 4.75 mm sieve to determine specific gravity using a water pycnometer
(ASTM D854-14). Additionally, the soil was sieved through 425 um sieve to determine the liquid and plastic
limit (PL) using a cone penetrometer (LG-D10). Furthermore, the soil was sieved through a 75 pm sieve for
PSD analysis using the Bettersize 2000 Intelligent Laser Particle Size Analyzer (Bettersize 2000E), where
sodium phosphate was used as a dispersing agent.

2.2.2 Chemical and mineralogical studies

An X-ray fluorescence (XRF) analyzer was employed to assess the chemical composition of natural soil,
cement, and modified soil specimens. The analysis provided data on the various oxides present, along with
their respective percentages. Additionally, X-ray diffraction (XRD) measurements were conducted within a
specified 2-theta angular range, chosen based on the mineral composition of the sample. Typically, for soil
samples, the angular range spans from 5- 70°. However, this study analyzed the soil samples within the 0 to
70° 2-theta angle (copper Ka radiation, A = 1.5418, 740, V = 40 kV, I = 25 mA) (Li et al., 2013). The obtained
results were interpreted using Match! 2 software to identify different minerals in the samples.

(=)
N



Journal of Engineering Issues and Solutions 4 (1): 41-55 [2025] Dathal et al.

2.2.8 Mechanical behavior

Unconfined compressive strength (UCS) and isotropic compression tests were carried out to examine the
mechanical behavior of cement-treated soil. The soil slurry was prepared by mixing the soil with different
cement contents. The soil slurry was allowed to set and cured. The samples were tested after curing for 28 d.
The UCS testing followed ASTM D2166M-16 standards, employing a standard loading frame (GDSLI 50)
capable of applying 50 kN load at a compression rate of' 1% per minute. The stress and strain were recorded
automatically, and the change in area was computed for the actual stresses during the testing process. To
turther evaluate the compressibility, isotropic compression tests were performed using a computer-controlled
triaxial stress path apparatus. These tests followed the guidelines outlined in ASTM D4767, with a constant
confining stress rate of 1 kPa/min applied until an effective confining stress of 1 MPa was reached.

2.2.4 Microstructure

The solid samples cured for 28 d were used for microstructural analysis, as shown in Figure 1(a). A scanning
electron microscope (SEM) was used to produce images illustrating the surface structure of” the specimens. To
prepare for SEM analysis, the samples were coated with gold and carbon using a sputter coater (BAL-TEC/
SCD 050) (Figure 1(b)), and the resulting images were captured using the I'EI Quanta 200 Environmental
Scanning Electron Microscope (Figure 1(c)), also referred to as the Variable Pressure Scanning Electron
Microscope (FEI Quanta 200 ESEM/VPSEM). This instrument is well-suited for the examination of dry
soil samples due to its ability to adapt to varying environmental conditions, and it provides essential high-
resolution imaging capabilities crucial for soil analysis and research (Zhu et al., 2016).
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Figure 1: SEM imaging: a) Soil samples, b) Sputter coater BAL-TEC/SCD 050, and ¢) FEI Quanta 200
ESEM
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3. Results and Discussion

The extensive study concentrated on the physical, chemical, and microstructural alterations in soil behavior
following reconstitution with cement. An unconfined compression test was also used to evaluate the
mechanical behavior. To assess the various behaviors, the soil was altered with cement contents of 5%, 10%,
and 15%. The following is a discussion of the laboratory test findings.

3.1 Physical analysis

The untreated soil had LL of 62.71%, PL of 47.25%, and an organic content of 6.53% According to the
unified soil classification system (USCS), the soil was High Plasticity Organic (OH).

3.2 Specific gravity

The specific gravity (Gs) of the untreated soil was 2.58. However, the Gs decreases initially as cement
content increases. I'rom the curve fitting of experimental data, approximately 8% cement content gradually
increases to 2.58 on the addition of cement content to 15% (Figure 2). A study on cement-treated Bangkok
clay indicated a notable decrease in Gs with higher cement content (Uddin et al., 1997). Furthermore, findings
from the same research of specimens cured for 12 d align closely with the results obtained in this study.
Hence, an initial increment in cement content substantially decreases the Gs of modified soil. However,
beyond a certain threshold of cement content, Gs begins to increase with higher cement concentrations.
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Figure 2: Specific gravity of natural and modified soils

3.3 Atterbergs’ limits

The liquid limit varies with changes in cement content, as shown in Figure 3(a). The research reveals that
a higher cement content leads to an increase in the LL in treated samples, similar to findings from studies
on lime-treated Louiseville clay (Locat et al.,, 1990) and cement-treated Singapore clay. However, LL was
reported to decrease slightly in Singapore clay when the cement content exceeds 10% (Chew et al., 2004).
With the increase in cement content, agglomeration occurs in the soil matrix, which traps some portions of
water. The water, thus trapped, does not play an active role in making the soil flowable. Although the trapped
water does not play a role in the LL, it is considered during water mass calculation since free and trapped
water evaporate during water content tests. Therefore, the LL increases with the addition of cement to the

()
N



Journal of Engineering Issues and Solutions 4 (1): 41-55 [2025] Dathal et al.

soil.
N "1 ®
a ~~
X 80 1 £ 70 4
E 70 - E 60 1
= 60§ 2 50,
E 2
=3 (x4
= 50 A = 40 -
40 ' . . 30 : . .
0 5 10 15 0 5 10 15
Cement Content (%) Cement Content (%)
60
(c)
50 1
=
40 CL
D
=
= 30 4
=y
S
S 20 1
=
=
S ML&OL MH&OH
....... s
0 . ~ . ' . . . ,
0 10 20 30 40 50 60 70 80 90 100

Liquid limit, LL (%)

Figure 3: Soil consistency: a) Liquid limit, b) Plastic limit, and c) Plasticity index chart

The plastic limit (PL) of the modified soil samples was higher than that of untreated soil, as shown in
Figure 3(b). It can be observed in the result that an increase in PL is 19.05% at 5% cement content, beyond
which further increases in cement content do not significantly affect PL. A similar trend was observed in
Bangkok clay (Uddin et al., 1997). The findings reveal that the LL and PL of the cement-treated soils rise as
the cement content increases. However, the rate at which PL increases surpasses LL at lower cement levels,
causing a sudden drop in the plasticity index (PI) (Figure 3(c)), unlike the behavior of soil treated with alkali-
activated eggshell (Acharya et al., 2023). Despite PI increasing beyond specific cement contents (e.g., 5%), P1
remains lower than untreated soil across all cement content ranges studied. The Atterberg’s limits summary,
shown on the plasticity chart based on the USCS (Figure 3(c)), indicates that the soil falls within the category
of high plasticity silt or organic soil before and after reconstitution. At 5% cement content, the soil exhibits a
more silty behavior. The soil regains some plasticity characteristics with increased cement content; however,
it remains lower than the untreated soil. The apparent increase in PI after 5% cement content is because
LL increases with cement content as water entrapped increases with agglomeration, but the PL remains
nearly constant. Moreover, cement, when mixed with water, produces calcium silicate hydrates and calcium
hydroxide, which enhance soil water retention capacity and LL. Similarly, cement reduces the activity of
clay minerals by exchanging cations with them, thereby decreasing water adsorption. This process reduces
plasticity and renders finer particles less reactive, resulting in an increased PL (Méducin et al., 2007).
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3.4 Gradation analysis

The particle size distributions of both untreated and treated soil are illustrated in Figure 4. The data depict
a noticeable shift in the PSD curve towards coarser particles for the treated soil, where the D increases
from 3.46-4.89 pm with 15% cement content. A similar trend is evident for the mean particle size (D, ).
This phenomenon mirrors findings observed in modifying Singapore marine clay using cement (Chew et al.,
2004). The shift is attributed to increased pH levels, causing bivalent calcium ions to displace monovalent
ions within the minerals. Calcium ions on the soil particle surfaces lead to aggregation and form larger
particle sizes (Chew et al., 2004; Rawasaki et al., 1981). The flocculation process was also observed in the
SEM images of the treated specimens, indicating a measure of the effectiveness of the improvement using
cement as the chemical stabilizer.
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Figure 4: Variation in particle size

3.5 Chemical composition

The untreated soil has the highest Al O, content, 16.35%, which decreased by adding cement by 1.65, 6.80,
and 4.34%, respectively, for K-5, K-10, and K-15 samples. The Al O, content in the cement was 6.6%, which
ultimately decreased the Al O, content in the K-5, K-10, and K-15 samples. Similarly, SiO, content in sample
K was 72.61%, reduced by 11.28, 13.19, and 12.27 percent for K-5, K-10, and K-15 samples after adding
cement, as SiO, content in cement is 28.54%. Similarly, MnO content in K was 0.13%, which fluctuates
slightly with the increase in cement content, and the changes are insignificant. However, CaO increased
by 3.85, 4.16, and 4.79 folds for K-5, K-10, and K-15 samples, respectively, on the addition of cement with
57.25% CaO; therefore, the addition of cement increased the overall CaO content in all samples treated
with different cement content. Similarly, Fe O, changed by 1.08, 1.12, and 0.9 folds for K-5, K-10, and K-15
samples, respectively, after adding cement, which was 3.29%. Figure 5(a), (b), and (c) show the chemical
composition in different samples.
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Figure 5: Chemical composition of natural and modified soils: a) Percentage of K20, CaO, Ti02, MnO,
Na20 and MgO, b) Percentage of Al203 and Fe203, and c) Si02

3.6 Mineralogical analysis

X-ray diftraction (XRD) analysis was performed on various soil samples and admixtures using the Match! 2
program. The diffraction peaks at 20 angles of 12.49°, 20.39°, 20.83°, 26.62°, 34.99°, 36.54°, 39.42°, 40.28°,
45.45°, 50.012°, 59.93°, 68.32°, indicate the kaolinite (Figure 5). The natural kaolinite was found at 20 values
of 12.33° 24.82°, 26.65°, and 38.37° (Sachan & Penumadu, 2007). Similarly, diffraction peaks at 20 angles of
20.83°, 26.62°, 36.54°, 39.43°, 40.27°, 45.45°, 50.01°, 59.93°, 68.32°, indicate the quartz (Figure 5). According
to earlier research, quartz XRD peaks were around 20.85° and 26.64° for amorphous and crystal forms,
respectively (Abbasi et al., 2021). Whereas diffraction peaks at 26 angles of 8.73°, 8.84°,8.91°, 17.77°, 17.88°,
19.92°, 20.84°, 20.81°, 20.93°, 46.54°, 39.43°, 40.27°, 44.42°, 45.45°, 59.93°, 68.32°, indicate the presence of
biotite (Figure 6). Also, in a study conducted in Thailand soil, the kaolinite mineral displayed peaks at 13°
and 29°, the illite mineral displayed peaks at 10° and 21°, and a peak at 31° was found for the quartz crystals
(Saminpanya & Denkitkul, 2020). In addition, a diffraction peak at 19.73° was observed for montmorillonite
minerals (Fil et al., 2014). The diffraction peaks at 20 angles of 29.37°, 29.47°, 29.91°, 39.43°, indicate the
presence of calcite. Moreover, the distinctive peaks of calcite at 26.5°, 27.7°, 33.4°, 45.9°, and 51.5° are seen
in the XRD study (Dehghani et al., 2019).
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Figure 5: Variation in mineralogical composition with cement contents

3.7 Microstructural analysis

The SEM was utilized for analysis, and feature extraction was performed on specimens after 28 d of curing.
The analyzed samples, K-0 and K-10, indicate notable flocculation in the soil microstructure, with average
particle sizes of 6.68 um and 16.89 um, respectively, observed under a 5000x magnification field (Figure
7 (a.1), (a.2), (b.1) and (b.2)). In the case of K-10, a cotton liked structure of calcium silicate hydrates were
observed which was identical to the SEM micrographs to those previously published (Chhabra & Ransinchung
Rongmei Naga, 2023). Additionally, a mixture of flat, rhombic crystals was observed, which was shown
by CaO (Garcia et al,, 2022). In contrast, the fibrous structure of calcium aluminum hydrates was also
observed and identical to the FESEM micrographs to those previously published literature (Qu et al., 2018).
The development of the microstructure of cement-treated soil was seen as a result of the hydration and
subsequent pozzolanic reactions. Although the aggregation of soil clusters forming the large soil particles
was evident, some precipitated crystals were found individually or as clusters, creating the cementation bonds
between the soil particles. Such observations were reported from the study of Singapore marine clay, Ballina
clay, and Hanzhou dredged marine soil, where the degree of reticulation increase was prominent with an
increase in cement content(Chai et al., 2018; Dahal & Zheng, 2024; Kamruzzaman et al., 2006).

®



Journal of Engineering Issues and Solutions 4 (1): 41-55 [2025] Dathal et al.

Figure 6: SEM photographs of natural and modified soils observed under 5000x magnification field

3.8 Mechanical behavior

The results of unconfined compression tests of soil representing different mechanical behavior with varying
cement contents are presented in Figure 8. Iigure 8(a) showed that the K-5 sample has the lowest strength
among all; the mobilized strength increased with the increase in strain and reached the maximum value (q
= 89.83 kPa) and then decreased with the further increase in strain. At 10% cement content, the peak value
(q, = 268.19 kPa) increased almost four times. Similarly, at 15% cement content, the qwas 601.76 kPa. The
failure stress and failure strain (E. /.) were plotted, and a power function represented a unique relation. The
relation is presented in equation (1) with the goodness of fit as R*=0.96. Similarly, a power relationship of
q, and cement content (A ) was obtained as the best fit. The mathematical relation is given in equation (2),
which has R*=0.99. The results demonstrate that soil strength improves significantly with increased cement
content (Figure 8(b)) and the trend observed is aligned with the different studies on cement-treated soils

(Dahal & Zheng, 2024; Horpibulsuk et al., 2003; Miura et al., 2001; Tan et al., 2002).
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Qu = 859.26 ¢ >%2° (1)
qu = 5.446 AL71? (2)

The increase in cement content decrease € o resulting in the brittle behavior of cement-treated soil.
The average failure strains for K-5, K-10, and K-15 were 2.82%, 1.54%, and 1.26%, respectively. A power
relationship of Sf, and A  was also developed. The mathematical relation is given in equation (3) which has
the R*=0.98 (Figure 8(c)).

&f = 9.215 A,07*° (3)
700 A 750
] (@ (b)
] °
600 1 5 500 Gu = 5.446 Aa}712 ’/,.-‘
< e
—_ &} -8
g 500 el - -~
P il
£ ! B 0 . v .
Z 400 \qy = 859.26 * g7 222¢ 0 5 10 15
-2 \ Cement Content (%)
“ 300 ] ke
] ——K-10 71 @ e
S & =9.215 A50749
200 —o—K-15 & B
] & T £
S
@
100 1 =S —o— 0 E 1
=
=
0 — T T — — — —r—T —r 0 4 T T 1
0 1 2 3 4 0 5 10 15
Axial Strain (%) Cement Content (%)

Where, q,, = Unconfined Compressive Strength (kPa), A,, = Cement Content (%), and & = Failure Strain (%)

Figure 7: Mechanical behavior: a) Stress-strain behavior, b) Increased strength with cement content, and c)
Increased brittleness with cement content

Similarly, isotropic compression results indicate that the primary yielding strength (py,) of the treated soil
with 5% cement content was 10 kPa, which increased to 325 kPa when the cement content was raised to
15% (Figure 9(a)). This p; reflects the cementation effect, which is further confirmed by the SEM analysis
showing that the cement-treated soil with higher cement content exhibits a more dispersed microstructure
and larger particle size. Additionally, the cement content had little impact on the compression indices,
which were found to be similar across 5%, 10%, and 15% cement contents, with A values of 0.369, 0.379,
0.387and K values of 0.020, 0.020, 0.021, respectively. The results of this study showed slightly higher p
and reduced compressibility compared to treated marine soil from a similar study, though it exhibited slightly
more swelling during unloading (Dahal et al., 2019). Statistical analysis revealed an exponential relationship
between p , and cement content (Figure 9(b)), while a power function described the relationship between q,
and found that p ; (Figure 9(c)), as indicated by equations (4) and (5). The R*for both equations exceeded 0.99,
demonstrating a high goodness of fit and predictability

qu = 26.676(p"y;)"" (5)
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Figure 8: Mechanical behavior: a) [sotropic compression, b) Variation of primary yielding strength with

cement content, and c¢) Relation between primary yielding strength and UCS

4., Conclusions

The soil from Khasibazar, Kathmandu is modified with different cement contents and used for laboratory
tests. The results are analyzed to determine the physical, chemical, microstructural, and mechanical behavior.
The findings of this study are summarized below.

*

Cement content notably impacts the physical properties of treated soils, i.e., specific gravity, liquid
limit, plastic limit, and plasticity index.

The addition of OPC significantly influenced the natural soil’s composition (such as A1 O, SiO, SO,
K O, CaO, TiO,, MnO, Fe O, Na O, and MgO), with quartz being the primary compound found on
modified soil, followed by kaolinite and biotite.

The influence of cement content on clay particle cementation and aggregation is evident, leading to
larger particle sizes. For instance, D increased from 3.458 pum to 4.889 um with 15% cement content.
SEM image analysis supports these findings, showcasing a more flocculated microstructure, larger
particle sizes, and increased voids in treated soil compared to untreated soil. These microstructural
changes are pivotal in augmenting the modified soil's mechanical behavior.

The soil displays increased brittleness and strength with increasing cement content, following a
power-law relationship with R?exceeding 0.98. The UCS increases significantly, ranging from 89.83
kPa at 5% cement content to 601.76 kPa at 15% cement content.
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¢ The P, of the treated soil shows a significant increase as the cement content rises, ranging from
10-325 kPa when the cement proportion increases from 5-15%. This relationship follows an
exponential function with an R? value greater than 0.99. Additionally, both the UCS and p are
strongly correlated, following a power function with an R®value above 0.99.

Overall, this investigation underscores the significant influence of cement content on the physical, chemical,
microstructural, and mechanical characteristics of treated soil, shedding light on crucial parameters essential
for enhancing soil behavior and performance. However, to generalize these findings, further studies are
needed considering varying curing periods, different types or contents of cement and additives, as well as
different soil types from across the Kathmandu Valley.
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