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As we know, landfills contain large amounts of various pollutants, and any instability or
destruction on the landfill slope can lead to significant human and financial losses. In such
conditions, pollution can easily spread in the environment and lead to an ecological
disaster. Therefore, the sustainability analysis of the landfill slope is of great importance.
Since, due to climatic conditions, the amount of rainfall and the level of groundwater,
soils are generally in an unsaturated state, in this article, the sustainability of the landfill
is investigated using the unsaturated theory by considering the concept of suction stress
and coding in C# in the Geo-studio software environment. To properly model and design
the landfill, the properties of the soil materials of the covering parts of the landfill surface
and the impermeable barriers at the bottom were considered. The safety factor of the
landfill slope in the dry state was obtained, then the changes in the safety factor at different
volumetric moisture percentages for the unsaturated surface and bottom soils of the
landfill were calculated, and the effect of reinforcing the clay layers of the cover and
bottom of the landfill on the slope stability was also investigated. The results obtained
indicate that the safety factor in the unsaturated state compared to the dry state increases
significantly; also, in the area of unsaturated soils, with a decrease in the volumetric
moisture percentage, the safety factor increases. The notable result is that in unsaturated
soils, the safety factor does not necessarily increase with the occurrence of reinforcement.
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Introduction

Today, population growth, urbanization, and industrialization have led to an increase in the
amount of waste produced. The large volume of waste, environmental pollution through its
spread, the creation of unpleasant odors and appearances, and the possibility of transmitting
various diseases in humans and other living beings have led to the introduction of various
strategies such as recycling, incineration, and landfill disposal to control the issues above.
Among these, landfill disposal is more popular due to economic reasons and ease of
implementation. In the study by Fityus et al. [2] on preventing the spread of landfill pollution
to the surrounding environment through the use of unsaturated soil layers, it was determined
that due to the critical role of moisture content in pollutant transfer, the use of unsaturated layers
could prevent the transfer and spread of pollution. Liu et al. [3] also examined the long-term
settlement of unsaturated municipal landfills by presenting a theoretical model and comparing
it with a case study. In a comparative study conducted by Song et al. [7] on suction stress in silt
and sand, the results, along with the estimation of the suction stress curve using the soil-water
characteristic curve, showed that the suction stress changes in silty soils are much more
significant than in sandy soils. Currently, the sustainability of landfills is generally calculated
and controlled in the dry state, but this assumption needs to be more generally correct. In this
article, an attempt has been made to investigate the effects of the unsaturated state on the safety
factor of landfill stability and to examine the number of changes in the safety factor over the
long term and during the reinforcement process in the clay layers covering the bottom of the
landfill.

Method

Until now, the concept of unsaturated soil has been studied through two basic approaches. In
the first approach, used by Fredlund et al. [8], and Fredlund and Rahardjo [9], two components
of stress are defined: net stress and matrix suction, which act as two independent components
[8 and 9]. In the second approach, which has recently been the focus of researchers such as Lu
and Likos [10], Khalili and Khabbaz [11], the effective stress method is used, which employs
a parameter called suction stress in its calculation. This is used with the help of the following
relationships:
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In the present article, numerical modeling using Bishop's method has been employed for the
static stability analysis of slopes. The next step involves selecting a structural model for the
materials and assigning it to the different parts. Finally, it becomes possible to analyze the slope
stability and obtain the safety factor by determining the water level. A model has been
developed using the C# programming language in a software environment to study the behavior
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of unsaturated soil using the concept of suction stress. This model is then used for stability
analysis and assigning shear parameters to the materials in the new structural model.

Results
For the design of a landfill, it is necessary to comply with the operational guidelines for
establishing and managing sanitary landfills for municipal solid waste. These guidelines say
landfill capacity should not be completed for at least five years. The required waste volume per
person per year can be obtained from the following relationship:
V=1.25[5(\—1)} (")

D' 100
This relationship helps estimate the total waste volume the landfill needs to accommodate over
a given period, ensuring sufficient capacity for at least five years.
In the relationship above, the annual waste generation per person is in kilograms, the density is
in Kilograms per cubic meter, and the volume reduction is due to compaction. Waste's
characteristics can vary greatly depending on its type. In the present article, the landfill and its
related parameters are designed to dispose of municipal solid waste (MSW). Assuming a daily
waste generation of 0.7 kilograms per person and a 30% reduction in density due to compaction,
with a waste density of 1100 kilograms per cubic meter, the annual waste volume per person is
approximately 0.203 cubic meters. Considering a population of 400,000 and a 15-year lifespan
for the landfill, the required area is approximately 10 to 12 hectares with a height of about 8 to
10 meters; one-third to one-half of this height is above ground level, and the rest is below
ground level. Furthermore, according to the guidelines, the slope of the final cover should be
between 5% to 33%, and the landfill walls should be between 25% to 33%. Additionally, there
must be a minimum distance of 1.5 meters between the bottom of the landfill and the
groundwater level.

Conclusions

By examining the slope stability of the landfill using the limit equilibrium method and the
concept of suction stress in both pre-and post-reinforcement conditions, the following results
were obtained:

1. A higher safety factor is obtained than in the dry state because the landfill is unsaturated.
Therefore, the landfill can be constructed with a steeper slope or greater height in this condition,
which may facilitate more accessible site selection.

2. The safety factor does not necessarily increase after reinforcement for unsaturated soils.
Instead, the increase or decrease in the safety factor depends on the moisture content. Generally,
at high moisture content, the safety factor increases after reinforcement. This could be due to
increased water pressure and air permeability differences, resulting in increased suction stress.
At low-volume moisture contents, no change in the safety factor is observed after
reinforcement, as practically no reinforcement may occur due to the low water pressure.
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