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1-Introduction

Marl is a material that resembles soil or stone and contains approximately 35 to 65% calcareous materials,
along with varying amounts of clay (Sol-Sanchez et al., 2016; Vakili et al., 2021). "marl" is sometimes used
broadly to encompass all calcareous materials. Primarily composed of calcium carbonate, marl is influenced
by several factors, including its mineral composition, the type of carbonate mineral present, its origin and
formation process, grain size distribution, and degree of cementation. Furthermore, changes in density and
moisture content impact the behavior of this particular type of soil. Few studies have been conducted on
improving the quality of this type of soil, and the results suggest that this calcareous soil is highly sensitive
to water. It is so sensitive that even slight changes in moisture levels can significantly impact its properties
and performance.

One of the primary concerns and issues frequently discussed regarding soils is their behavior when
exposed to water and humidity, which can lead to various effects such as swelling, dispersivity, or
compaction (Sol-Sanchez et al., 2016). Frost-induced swelling and the subsequent increase in humidity
after ice thawing are significant factors contributing to soil swelling and reduced resistance. This
phenomenon holds particular importance in cold regions with high underground water tables (Tian et al.,
2020; Shahsavani et al., 2021). In various regions of Iran, day and night frosts caused by temperature
fluctuations cause soil swelling and a subsequent decrease in resistance. This phenomenon threatens civil
structures such as irrigation canals, floors, and roads, as it can cause damage such as cracks and fractures.

Chitosan is a type of polysaccharide that is derived from the deacetylation process of chitin. It is
primarily sourced from aquatic products such as shrimp shells, crab shells, and plants. These sources offer
a relatively low production cost (Kumar, 2000; Hataf et al., 2018). Despite its wide range of applications
in various industries, including water treatment, pharmaceuticals, agriculture, and energy storage, the full
potential of this natural resource has not been fully realized. One of the significant advantages of chitosan
is its availability, low cost, high biodegradability, and ease of chemical modification. Additionally, blending
chitosan with other polymers can be employed to enhance the mechanical properties of the resulting
composite (Wang et al., 2018; Shariatmadari et al., 2020).

Given the issues that have been brought up and the failure to prevent the construction of buildings on
marl soil in numerous construction projects, it becomes more crucial to consider the impact of chitosan as
a material derived from industrial waste on the soil during F-T cycles in severe conditions. For this purpose,
the present study aimed to examine the impact of a specific additive on the mechanical properties of clay
marl soil, which was achieved by conducting tests on unconfined compressive strength and direct shear
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strength. Additionally, changes in stress-strain behavior, secant modulus, strain energy modulus, resilient
modulus, cohesion, and the internal friction angle of the samples were evaluated under various F-T cycles
after curing times of 7 and 28 days.

2. Material and methods

2.1. Materials

The marl soil utilized in this study was prepared and sourced from the northwest belt area of Shiraz,
specifically Hosseini Al-Hashemi Boulevard. Once the soil sample was prepared and transported to the
laboratory, an XRF test was conducted as the initial step to gain a deeper understanding of its properties
and identify its constituent elements. The geotechnical properties of studied marl soil are listed in Table 1.
In this research, chitosan was utilized to enhance the engineering properties of clay marl soil. The chitosan
used in this study was prepared from shrimp shell waste, as previously studied (Hataf et al., 2018;
Shariatmadari et al., 2020).

Table 1. Geotechnical properties of studied marl soil

Property Value
Passing #200 sieve (%) 97.6
Liquid limit: % 38
Plastic limit: % 24
Plasticity index: % 14
Color Brown
USCS classification CL
Unconfined compressive strength (kN/m?) 180
Maximum dry density: g/cm® 1.79
Optimum water content: % 16.6
pH 7.85

2.2. Sample preparations and methodology

In this study, the aim was to examine the impact of adding chitosan to marl soil. Various combinations of
chitosan were utilized, including 0%, 0.02%, 0.04%, 0.08%, and 0.16% by weight based on the marl soil.
These specific values were chosen based on previous research findings. Subsequently, the samples were
subjected to curing for either 7 or 28 days, followed by exposure to different freeze-thaw cycles, namely 0,
1, 4, and 8. All mixtures were compacted at maximum dry specific gravity and optimal soil moisture
content. Before conducting the tests on the marl soil, a standard Proctor test was conducted to determine
the optimum moisture content and maximum dry weight of the marl soil.

All samples were sealed in moisture-proof nylon to prevent moisture loss during curing. The samples
were placed in a digital freezer at a temperature of -20°C for 12 hours, then at ambient temperature (+25°C)
for an additional 12 hours to perform the freeze-thaw (F-T) cycle. Other studies have previously established
this temperature protocol (Jilin et al., 2003; Ghazavi and Roustaie, 2010). Finally, the samples underwent
unconfined compressive strength and direct shear tests. This study subjected unstabilized and chitosan-
stabilized marl soil to unconfined compressive strength and direct shear tests, following ASTM D2166 and
ASTM D3080, respectively.

3- Results and discussions

Figure 1 illustrates the results of the unconfined compressive strength tests conducted on 7-day samples
containing varying percentages (0.02, 0.04, 0.08, and 0.16 percent) of chitosan after undergoing freeze-
thaw cycles. It is evident from Figure 1 that the compressive strength of the samples increases as the
percentage of chitosan increases. Specifically, for the 7-day samples containing 0.02, 0.04, 0.08, and 0.16
percent chitosan, the compressive strength values without undergoing freeze-thaw cycles were reported to
be approximately 260, 345, 350, and 410 kPa, respectively. It is important to note that adding chitosan to
marl soil triggers a reaction between chitosan particles and clay present in the soil, forming gels that
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enhance the compressive strength of marl soil. The formation process of these gels progressively intensifies
as the percentage of chitosan increases, thereby enhancing the strength of the samples.
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Fig. 1. UCS variations of chitosan stabilized marl clay after seven days under freeze-thaw cycles.

Figure 2 shows that the internal friction angle of unstabilized and chitosan-stabilized marl soil samples
are almost the same in conditions without F-T cycles, indicating that adding chitosan does not significantly
affect the frictional behavior of the soil matrix. However, adding chitosan improves the cohesion between
soil particles, as the chitosan solution is a cohesive liquid that is uniformly distributed among the soil
particles. This results in a small amount of chitosan having a significant impact on the cohesion of the soil
matrix, leading to improved shear strength.
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Fig. 2. Variation of internal friction angle and cohesion of chitosan stabilized marl clay after seven days under freeze-
thaw cycles.

4-Conclusion

In this research, varying quantities of the additive were mixed with marl soil and exposed to different freeze-
thaw cycles following a curing period of 7 and 28 days. Subsequently, unfixed and chitosan-fixed samples
underwent unconfined compressive strength and direct shear tests. Regardless of the chitosan percentage
and curing time, adding chitosan to the soil increased the compressive strength and strain of the soil
samples. The enhancement of mechanical properties was pronounced in the early stages with increased
chitosan concentration. The inclusion of chitosan increased hardness and a significant increase in the energy
required to reach the point of fracture for the sample, demonstrating the efficacy of chitosan in enhancing
the mechanical characteristics of marl soil, particularly under harsh freeze-thaw conditions. The shear
characteristics of the optimal composition (sample stabilized with 0.16% chitosan) were significantly
higher after seven days of treatment compared to the initial marl soil results. This increase can be attributed
to the reactions between the soil particles and chitosan. The gels surrounding the soil particles are absorbed
during these reactions, causing them to agglomerate and join together.
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Table 1. Chemical analysis of studied marl soil

Compositions

Value (%)

Al;,03

9.3

SiO;

34.7

CaO

18.3

Fe O3

4.8

Na.O

0.22

TiO;

0.43

K20

1.23

MgO

7.3

SOs3

0.11

LOI

23.25
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Table 2. Geotechnical properties of studied marl soil

Property

Value

Passing #200 sieve (%)

97.6

Liquid limit: %

38

Plastic limit: %

24

Plasticity index: %

14

Colour

Brown

USCS classification

CL

Unconfined compressive strength (kN/m?)

180

Maximum dry density: g/cm?

1.79

Optimum water content: %

16.6

pH

7.85
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