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ABSTRACT

In order to investigate the stress characteristics of a composite geomem-
brane during the operation of a rigid landfill, a three-dimensional finite
element model was developed for a specific rigid landfill project in
Tongling China. This model takes into account the contact behavior
between the composite geomembrane and concrete unit pool. It aims to
calculate and analyze the distribution of stress and strain in both the com-
posite geomembrane and rigid landfill under various working conditions,
including empty and full storage. At the same time, the influence of the
change of friction coefficient between the composite geomembrane and
the concrete cell pool on the stress and strain of the geomembrane is
analyzed under the condition of full reservoir. The results indicate that
the stress and displacement distribution of the composite geomembrane
and concrete structures in the landfill site remain reasonable and safe
before and after transitioning from empty to full storage. Under critical
conditions, specifically when the cell pool is fully loaded, significant tensile
stress and strain occur at the top anchorage of the pool, the edge of the pool
bottom, and the corners of the cell pool. The tensile stress in the concrete
structure is notably higher at the junction between the side walls and the
bottom floor of the cell pool, while compressive stress is more pronounced
at the connection between the frame columns of the lower maintenance
layer and the bottom floor of the cell pool. Increasing the friction between
the composite geomembrane and the concrete cell pool can effectively
mitigate stress concentration in the composite geomembrane, thereby
enhancing the structural stability and safety.
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1 Introduction

In recent years, due to the growth of the economy and the rapid pace of urban development,
the generation and disposal of industrial hazardous waste has emerged as a pressing issue [1],
with improper disposal posing significant threats to both the ecological environment and human
health. The current methods for treating and disposing of hazardous waste primarily encompass
incineration, secure land filling, comprehensive utilization of physical and chemical resources, among
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others [2]. The safe landfill method, among various waste disposal methods, offers the advantages
of a straightforward process, flexible and convenient operation, as well as maximum isolation from
the natural environment of the biosphere. Consequently, it has gained widespread utilization [3]. The
rigid landfill is a reinforced concrete structure specially used for the treatment of hazardous waste, and
composite geomembrane usually serves as an important part of its structural anti-seepage system [4].
Due to its characteristics such as lower requirements for geological conditions of the construction site,
and fewer requirements for waste indicators entering the site, the rigid landfill is currently in a stage
of rapid development [5].

Geosynthetics are synthetic polymer materials, such as plastics and elastomers, that are uti-
lized in civil engineering, hydraulic engineering, and other projects to perform functions including
drainage, filtration, seepage prevention, and reinforcement [6]. Geomembrane, as a category of geosyn-
thetic materials, is a flexible and impermeable film manufactured from synthetic materials through
specialized processing techniques. And the composite geomembrane is constructed by integrating
geomembrane with geotextiles and other multi-layered materials [7]. As an innovative impermeable,
the composite geomembrane has gained increasing popularity in water conservancy, municipal,
transportation, construction and other projects due to its exceptional impermeability performance and
remarkable adaptability to deformation [8–10]. The selection of composite geomembrane as a lining
material in the reservoir cell pool of rigid landfill projects is often preferred to effectively mitigate the
risk of hazardous waste leakage.

In recent years, the research on the mechanical characteristics of composite geomembranes
during operation has focused on earth-rock dams, reservoirs, embankments, and other similar
projects. Liu et al. [11] adopted the developed Duncan-Chang model to establish a three-dimensional
numerical calculation model of the composite geomembrane core rockfill dam, and analyzed the
stress-strain distribution laws of the dam body and the composite geomembrane under the conditions
of the completion period and the water storage period. Zhao et al. [12] utilized the finite element
method to develop a three-dimensional computational model of a stone-filled dam equipped with a
composite geomembrane for seepage prevention. They further analyzed the stress and deformation
characteristics of both the dam body and the composite geomembrane on the dam surface before and
after water storage. Zhou et al. [13] established a three-dimensional nonlinear finite element model
to simulate the construction filling and water storage process, and analyzed the deformation stress
of the dam body, the backfill at the bottom of the reservoir and the geomembrane during the water
storage period. Koerner et al. [14] calculated the tensile stress of composite geomembrane by using the
limit equilibrium method on the basis of assuming that the upper and lower interfaces of composite
geomembrane were in the ultimate strength state. Eldesouky et al. [15] conducted a numerical simula-
tion analysis to investigate the local stress-strain behavior of high-density polyethylene geomembranes,
and successfully derived its corresponding local stress-strain relationship. Gilbert et al. [16] used the
finite element method to study the stress-strain law of composite geomembrane under superimposed
loads. Currently, there is a limited amount of research on the utilization of composite geomembrane
for rigid landfill seepage prevention both domestically and internationally. During the operation of a
rigid landfill, the composite geomembrane is subjected to complex loads, which necessitates research
on its stress-strain characteristics to ensure project safety and prevent potential leakage of harmful
substances that could compromise both the integrity of the landfill structure and its surrounding
environment.

Based on a rigid landfill project in Tongling, this paper develops a finite element model of a rigid
landfill site incorporating a composite geomembrane using the finite element software ANSYS. The
study analyzes the composite geomembrane within the landfill structure and unit pool under varying
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operational conditions, specifically empty and full reservoir scenarios, to determine its stress and
strain characteristics along with their variation patterns. Additionally, the influence of the friction
coefficient between the composite geomembrane and concrete cell pool on the stress and strain of the
geomembrane is evaluated, providing valuable insights for similar projects.

2 The Project Overview

The reservoir area of the rigid landfill engineering at Tongling Solid Waste Treatment Center
measures approximately 20,000 m2, boasting a total storage capacity of around 75,000 m3. The rigid
landfill is compartmentalized into 15 discrete units, with structural expansion joints placed between
adjacent units. Each unit comprises 20 individual landfill cell pools, resulting in a total of 300 cell
pools across the entire facility.

The principal project of rigid landfill site is designed as an overhead reinforced concrete con-
tainment structure, according to the functional requirements, the landfill site is divided into three
levels from bottom to top, namely the inspection mezzanine, the reservoir pool body, and the landfill
operation layer. The concrete grades of the engineering beams, slabs, columns, and walls are all C35.

The inspection mezzanine consists of a superimposed layer supported by structural columns and
shear walls, the clear height of the mezzanine is 2.3 m, specifically designed to meet the requirement
of visual detection for potential leakage.

The reservoir pool body is a hazardous waste landfill zone, consisting of 300 landfill cells. The
landfill cell pool is a cuboid structure. The net dimensions of each cell pool are
7.05 m × 7.05 m × 5.6 m (length × width × height). The side walls and bottom plate of the reservoir
body have a thickness of 0.4 m. Since adjacent landfill unit pools share side-wall retaining walls, the
side-wall retaining walls in the storage pool body are designed as bidirectional force-bearing plates.

The mobile rain shelter and traveling crane are installed in the operational layer of the landfill. The
mobile rain shelter is to prevent rainwater from entering the repository during the landfill of hazardous
waste, and the traveling crane is used for lifting and landfilling hazardous waste.

In addition to utilizing the self-seepage prevention function of concrete, this project also lays
composite geomembrane anti-seepage materials. The composite geomembrane is laid on the bottom
plate and side walls of the landfill unit pool. It adopts a three-layer integrated structure of “geotextile-
geomembrane-geotextile”, Specifically, it consists of two layers of non-woven geotextiles with a weight
of 600 g/m2 on the upper and lower sides, and a layer of HDPE geomembrane with a thickness of
2 mm in the middle. To ensure the complete fit between the composite geomembrane and the rigid
pool body, the composite geomembrane is fixed at the top of the pool wall with galvanized iron sheets
and compacted at the corners of the pool bottom with pressing plates.

3 The Research Methodology
3.1 Constitutive Model for Materials

The rigid landfill concrete materials are considered to be linear elastic substances [17,18] and
conform to the generalized Hooke’s law of uniform isotropic bodies, with their constitutive equation
expressed as follows:
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σij = E
1 + ν

εij + νE
(1 + ν) (1 − 2ν)

εkkδij

δij =
{

1 i = j
0 i �= j (1)

where σij is the stress tensor; εij, εkk are the strain tensor; ν is the Poisson’s ratio; E is the modulus of
elasticity; δij is the kronecker delta.

The foundation soil material is modeled using an ideal elastic-plastic model, which adheres to the
Drucker-Prager yield criterion [19]. The expression of this model is as follows:

f = αI1 + √
J2 + m = 0 (2)

where f is the plastic potential function; I 1 is the first invariant of principal stress; J2 is the second
invariant of deviational stress; α, m are the constants of material, the value of the aforementioned
parameter is directly influenced by both the cohesive force exhibited by the material and its internal
friction angle.

3.2 Simulation Methodology for Composite GEOMEMBRANE Materials
The composite geomembrane is a flexible material exhibiting excellent tensile properties. The

stress-strain relationship of the composite geomembrane during the stress process can be described
as follows [20]:

T = J (ε) ε (3)

where ε is the tensile strain of the composite geomembrane; T is the tensile stress of composite
geomembrane; J(ε) is the tensile modulus of the composite geomembrane.

The stress-strain curve of the composite geomembrane is presented in Fig. 1, illustrating the
ultimate tensile stress (Tmax) and ultimate tensile strain (εmax), which represent the maximum strength
and elongation capacity of the composite geomembrane, respectively. Additionally, T 1 and ε1 denote
the actual working tensile stress experienced by the composite geomembrane.

Figure 1: The stress-strain curve of composite geomembrane

The thickness of the composite geomembrane is significantly smaller than the dimensions of the
cell pool, posing a challenge for simulation using solid units. Therefore, shell units with a specified
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thickness are employed for simulation purposes. In the process of engineering design, it is imperative to
maintain a relatively low stress state for the composite geomembrane. As illustrated in Fig. 1, the stress
deformation of the composite geomembrane demonstrates linearity during its elastic stage, thereby
enabling the application of a linear elastic constitutive model for simulating its behavior [21,22].

3.3 The Method for Simulating the Contact Interface
The material characteristics of composite geomembrane and concrete differ significantly. During

the hazardous waste landfill process, there is noticeable friction behavior at the interface between
the composite geomembrane and concrete in the cell pool. Therefore, it is essential to consider their
contact in order to simulate this frictional shear effect [23]. The surface-to-surface contact model is
utilized to simulate the interaction between a composite geomembrane and a concrete cell pool. The
contact algorithm in the calculation is implemented by assigning a contact stiffness (spring) using the
penalty function method [24]. The penalty function method incorporates a contact spring to establish
the relationship between the composite geomembrane and the concrete cell pool. This spring remains
inactive when there is separation between the two, but becomes active upon contact closure. The
stiffness of this spring, also known as the penalty parameter, determines their contact behavior.

The contact spring undergoes deformation and satisfies the equation under applied load:

F = k� (4)

where F is the contact force; k is the stiffness of the spring contact; Δ is the degree of interference
between contacting surfaces.

4 The Finite Element Computational Model
4.1 Model Establishment and Unit Division

In order to ensure the overall structural stability, deliberate introduction of structural cracks is
implemented between every 20 cell pools. This study establishes a three-dimensional finite element
model incorporating 20 landfill cell pools, each containing a composite geomembrane, and the under-
lying foundation. The model adopts a Cartesian coordinate system with the coordinate directions
illustrated in Fig. 2. The total height of the rigid landfill is 8.3 m. To mitigate the influence of boundary
constraints on the calculation outcomes, an extension measuring 25 m in length and 15 m in depth
has been implemented along both the anterior and posterior sides of the landfill (including a 10 m
pile foundation within).The Solid65 unit was employed to model the reinforced concrete material
and foundation soil, while shell elements were utilized to model the composite geomembrane. The
contact element Contact173 and the target element Target170 are employed to simulate the interaction
between the concrete cell pool and the composite geomembrane. Upon contact of these two surfaces,
contact constraints are established between the contacting surface and the targeted surface, effectively
capturing nonlinear tension phenomena.

A fixed constraint is applied to the base surface of the foundation in the calculation. Normal
constraints are applied to the front, back, left, and right sides of the foundation. At the same time,
according to the anchorage situation of the anti-seepage system mentioned in the project overview,
fixed constraints are applied to the anchorage positions of the composite geomembrane.

The entire model is divided into 514,142 units and consists of 523,534 nodes.
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(a) The finite element calculation model of rigid landfill 

 

(b) The finite element calculation model of composite geomembrane 
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Figure 2: The finite element calculation model (a, b)

4.2 The Parameters of Finite Element Calculation
The material parameters of the finite element model were obtained based on relevant literature

and project engineering data [25–27], as presented in Table 1.

Table 1: Material parameters calculated by finite element method

Material type Unit weight
(kN/m3)

Modulus of
elasticity
(MPa)

Poisson’s
ratio

Angle of
internal
friction (°)

Cohesion
(kPa)

C35concrete 25 3.25 × 104 0.2 – –
HDPE composite
geomembrane

9.5 1.08 × 103 0.42 – –

(Continued)
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Table 1 (continued)

Material type Unit weight
(kN/m3)

Modulus of
elasticity
(MPa)

Poisson’s
ratio

Angle of
internal
friction (°)

Cohesion
(kPa)

Fully weathered calcareous
shale

20 12 0.22 22 30

Highly weathered
calcareous shale

22 20 0.3 24 50

Weathered limestone with
shale in weak to medium
permeable water

24 22 0.32 28 250

Weathered limestone
intermingled with shale in
slightly permeable water

24 23 0.32 30 500

Coulomb friction is employed to model the contact friction behavior between the composite
geomembrane and the concrete cell pool. Based on relevant experimental data and engineering
experience [28], the friction coefficient for this interface is established at 0.3.

5 The Analysis of Calculation Results

The study employs a convention whereby tensile stress is represented as positive, compressive stress
as negative, and displacement as positive in the upward direction to ensure consistency with established
conventions in the field of mechanics.

5.1 Working Condition 1: The Empty Storage of the Cell Pool
The rigid landfill has recently been constructed under these circumstances, with the composite

geomembrane being installed, and the current consideration only involves self-weight load.

5.1.1 The Analysis Results of Landfill Structure Calculation

The distribution of the first principal stress and the third principal stress in a rigid landfill is
illustrated in Fig. 3. It can be seen from the calculation results that the joint of the side wall and
bottom plate of the cell pool will produce a large tensile stress, and the maximum tensile stress value is
0.43 MPa; The maintenance layer of the lower part of the landfill, which includes the frame column and
shear wall, will experience significant compressive stress. The maximum compressive stress recorded
is 2.17 MPa, observed at the junction between the central frame column and the bottom plate of the
landfill site. The stress distribution of a rigid landfill is uniformly distributed.
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Figure 3: The main stress cloud map of landfill under working condition 1 (a, b) (unit: MPa)

The vertical displacement distribution of the rigid landfill is illustrated in Fig. 4. The displacement
distribution of the entire structure exhibits symmetry. The vertical displacement at the central region
of the unit pool is greater compared to that at the periphery, with a maximum value of 0.22 cm
observed in the middle section of the unit pool bottom plate near the landfill site’s center. The vertical
displacement of the base plate in a single cell pool is significant, with the displacement being greater
towards the center of the base plate. However, the displacement of the bottom frame column and side
wall is minimal.

Figure 4: The vertical displacement cloud map of landfill under working condition 1 (unit: cm)
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5.1.2 The Analysis Results of Landfill Geomembrane Calculation

According to the calculation results, the stress, strain, and displacement distribution of the com-
posite geomembrane on all four side walls of the cell pool exhibit remarkable similarity. Consequently,
one side wall is chosen as a representative for further analysis. The stress, strain, and displacement
distribution of the composite geomembrane on the side wall and bottom plate of the cell pool are
illustrated in Figs. 5–7.

Figure 5: The contour map of the first principal stress in a composite geomembrane under working
conditions 1 (a, b) (unit: MPa)

Figure 6: The contour map of the first principal strain in a composite geomembrane under working
conditions 1 (a, b) (unit: %)
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Figure 7: The contour map of the vertical displacement in a composite geomembrane under working
conditions 1 (a, b) (unit: cm)

It can be seen from Figs. 5 and 6 that under this working condition, the stress and strain are
approximately symmetrical for the sidewall composite geomembrane. Due to the boundary constraint
effect, the composite geomembrane surrounding the anchoring of the pool top experiences significant
tensile stress and strain. The maximum tensile stress reaches 0.05 MPa, while the maximum tensile
strain is 0.19%. As the height of the side wall of the cell pool decreases, there is a gradual reduction in
tensile stress. Furthermore, at the lower end of the side wall, a certain compressive stress is exerted on
the composite geomembrane. The stress and strain of the composite geomembrane applied to the base
plate of the cell pool exhibit approximate central symmetry. At the four corners of the pool’s bottom,
higher tensile stress and strain are experienced by the composite geomembrane, reaching a maximum
tensile stress of 0.09 MPa and a maximum tensile strain of 0.25%. Moving towards the center of the
bottom, there is a gradual decrease in tensile stress. Additionally, there is an occurrence of compressive
stress acting on the geomembrane.

The maximum vertical displacement of the composite geomembrane on the side wall is illustrated
in Fig. 7, exhibiting a slight downward trend at the midpoint of the pool wall with a peak value
of 0.38 cm. The proximity to the anchoring area leads to a reduction in vertical displacement. The
composite geomembrane exhibits a maximum vertical displacement of 0.26 cm at the base of the cell
pool, precisely located at its central bottom. Conversely, minimal vertical displacement is observed at
the periphery of the pool bottom.

It can be seen from the results that the stress displacement of both the concrete structure and
composite geomembrane during the empty storage period is minimal and uniformly distributed.

5.2 Working Condition 2: The Full Storage of the Cell Pool
Under this condition, the hazardous waste in the rigid landfill cell pool has been filled, and the

load considered in this scenario encompasses both self-weight load and hazardous waste load. Since
most of the materials landfill in this project are waste salts, taking waste salts as an example, hazardous
waste bulk density γ is calculated as 18 kN/m3.

https://www.scipedia.com/public/Huang_et_al_2025 10

https://www.scipedia.com/public/Huang_et_al_2025


M. Huang, T. Tu, Y. Jing and F. Yang,

Numerical simulation analysis on the stress

and strain behavior of composite geomembrane in rigid landfill,

Rev. int. métodos numér. cálc. diseño ing. (2025). Vol.41, (3), 53

5.2.1 The Analysis Results of Landfill Structure Calculation

It can be seen from the computed cloud image that the stress and displacement distribution
patterns in working condition 2 are similar to those in working condition 1. However, due to the
presence of hazardous waste, the stress and displacement values are significantly higher compared to
an empty cell pool scenario (Figs. 8 and 9).

Figure 8: The main stress cloud map of landfill under working condition 2 (a, b) (unit: MPa)

Figure 9: The vertical displacement cloud map of landfill under working condition 2 (unit: cm)
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The distribution of the first principal stress and the third principal stress of the rigid landfill site
when all cell pools are full is illustrated in Fig. 8. In this scenario, a significant tensile stress occurs
at the corner where the bottom plate of the cell pool meets the side wall, with a maximum value of
1.52 MPa. Additionally, there is a maximum compressive stress of 5.68 MPa observed. Consequently,
substantial vertical displacement can be expected at the center of the base plate for each unit pool,
reaching a maximum magnitude of 1.68 cm.

5.2.2 The Analysis Results of Landfill Geomembrane Calculation

It can be seen from Figs. 10 and 11 that under the specified operational conditions, the composite
geomembrane installed on the side wall of the cell pool experiences a maximum tensile stress of
0.74 MPa, with a corresponding maximum tensile strain of 2.68%. This critical condition is observed
near the anchorage point at the top of the cell pool. Additionally, significant tensile stress and strain
are also observed at the corner region of the side wall due to hazardous waste influence. Consequently,
compressive stress occurs in this composite geomembrane. And as for the composite geomembrane on
the base plate of the cell pool, the stress and strain are approximately center-symmetric distribution.
Near the edge of the pool bottom, the composite geomembrane experiences higher tensile stress and
strain, with a maximum tensile stress of 0.48 MPa and a maximum tensile strain of 2.58%. At the four
corners of the pool bottom, compressive stress is generated in the composite geomembrane, with a
maximum compressive stress of 0.21 MPa.

Figure 10: The contour map of the first principal stress in a composite geomembrane under working
conditions 2 (a, b) (unit: MPa)
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Figure 11: The contour map of the vertical displacement in a composite geomembrane under working
conditions 2 (a, b) (unit: %)

The vertical displacement distribution of the composite geomembrane in the cell pool is depicted
in Fig. 12. It can be observed from the figure that the maximum downward vertical displacement of
the composite geomembrane on the sidewall of the cell pool measures 4.83 cm and occurs at a quarter
height position along the sidewall. And the vertical displacement of the composite geomembrane on
the bottom of the pool demonstrates approximate central symmetry, with a maximum downward
vertical displacement of 1.71 cm observed at the central region. Moving towards the periphery of
the pool’s bottom, there is a gradual reduction in the magnitude of vertical displacement experienced
by the composite geomembrane.

Figure 12: The contour map of the vertical displacement in a composite geomembrane under working
conditions 2 (a, b) (unit: cm)
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5.3 The Overview of Other Working Conditions and Assessment of Structural Safety
5.3.1 The Overview of Other Working Conditions

The calculations and analyses in Sections 5.1 and 5.2 cover two typical working conditions: the
empty storage of the cell pool during the construction and completion period, and the fully-filled
storage of the cell pool when the landfill is completed. Meanwhile, this paper also calculates two
working conditions in the mid-term of hazardous waste landfill, namely, after filling one cell pool
and after filling a row of cell pools, as shown in Fig. 13. The red areas in the figure represent the
hazardous waste that has been land filled in the cell pools.

Figure 13: Two working conditions in the mid-term of hazardous waste landfill (a, b)

In Fig. 13a, for the cell pool in which hazardous waste has been landfilled, all four side walls are
subjected to unidirectional loads, In Fig. 13b, there will also be side walls subject to unilateral forces.
Both of these working conditions are hazardous working conditions to the side walls of the cell pools,
which are subjected to unidirectional forces. For these unilaterally-stressed side walls, a large tensile
stress occurs at the connection part between the lower end of the side wall and the edge of the bottom
plate, and significant horizontal displacements will take place in the middle and upper regions of the
side wall.

Tables 2 and 3 respectively present the maximum values of stress and displacement of the concrete
structure of the rigid landfill under four working conditions, as well as the maximum values of stress,
strain and displacement of the composite geomembrane.

Table 2: Finite element calculation results of landfill concrete structures under four working conditions

Conditions Maximum values of stress (MPa) Maximum values of displacement (cm)

Compressive stress Tensile stress X -direction Y -direction Z-direction

The empty
storage of the
cell pool

2.17 0.43 0.05 0.05 0.22

(Continued)
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Table 2 (continued)

Conditions Maximum values of stress (MPa) Maximum values of displacement (cm)

Compressive stress Tensile stress X -direction Y -direction Z-direction

Filling one cell
pool

2.78 0.96 0.41 0.42 0.76

Filling a row of
cell pools

4.45 1.21 0.77 0.84 1.35

The full storage
of the cell pool

5.68 1.52 0.89 0.92 1.68

Table 3: Finite element calculation results of landfill composite geomembrane under four working
conditions

Conditions Maximum tensile
stress (MPa)

Maximum
tensile strain (%)

Maximum values of displacement (cm)

X -direction Y -direction Z-direction

The empty
storage of the cell
pool

0.09 0.25 0.02 0.06 0.38

Filling one cell
pool

0.54 2.15 0.05 0.09 3.16

Filling a row of
cell pools

0.65 2.34 0.06 0.12 3.63

The full storage
of the cell pool

0.74 2.68 0.12 0.23 4.83

5.3.2 The Assessment of Structural Safety

The stress safety factor KT and strain safety factor K ε of the composite geomembrane are derived
from the following equation [20].{

KT = Tmax/T1

Kε = εmax/ε1
(5)

According to the specifications and relevant literature [29–31], when the stress-strain level of a
composite geomembrane is limited to less than 20%, its service life will be significantly extended.
Therefore, a safety factor K of 5 has been selected in this study, and when KT and K ε are greater
than 5, it indicates that the composite geomembrane is in a safe condition.

The calculation results indicate that under the full reservoir condition (i.e., the most unfavorable
working condition), the side wall composite geomembrane experiences a maximum tensile stress of
0.74 MPa and a maximum tensile strain of 2.68%, while the pool bottom composite geomembrane
experiences a maximum tensile stress of 0.48 MPa and a maximum tensile strain of 2.58%.
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According to the material parameters of the composite geomembrane utilized in this project, it
exhibits an ultimate tensile strength of 20 MPa and an ultimate yield elongation of 15%. The calculated
stress safety factor (KT) is determined to be 27, while the strain safety factor (K ε) measures at 5.6,
both meeting the requirement for a safety factor greater than 5.The use of composite geomembrane
for seepage prevention in rigid landfills demonstrates a significant safety margin.

At the same time, the maximum tensile stress and compressive stress experienced by the concrete
structure in the rigid landfill site are 1.52 and 5.67 MPa, respectively, which are below the specified
design values for tensile and compressive strength of C35 concrete as stated in code [26].

5.4 Influence of Different Friction Coefficients on Stress-Strain of Composite Geomembrane
This section focuses on analyzing the impact of the friction coefficient (μ) on the stress-strain

behavior of composite geomembranes in a fully filled cell pool scenario. By maintaining all other
computational conditions constant, the stress-strain distribution of the composite geomembrane is
evaluated for contact friction coefficients of 0.5 and 0.8. Figs. 14 and 15 illustrate the variation patterns
of maximum principal stress and maximum principal strain for the composite geomembrane when μ
equals 0.5. Additionally, Figs. 16 and 17 depict the distribution patterns of stress and strain for the
composite geomembrane when μ equals 0.8.

Figure 14: The contour map of the first principal stress in a composite geomembrane when the friction
coefficient is 0.5 (a, b) (unit: MPa)
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Figure 15: The contour map of the first principal strain in a composite geomembrane when the friction
coefficient is 0.5 (a, b) (unit: %)

Figure 16: The contour map of the first principal stress in a composite geomembrane when the friction
coefficient is 0.8 (a, b) (unit: MPa)
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Figure 17: The contour map of the first principal strain in a composite geomembrane when the friction
coefficient is 0.8 (a, b) (unit: %)

It can be seen from the figure that the change of the contact friction coefficient between the
composite geomembrane and the concrete unit pool has a certain influence on the stress deformation
of the composite geomembrane. The results indicate that both the maximum tensile stress and strain
of the composite geomembrane exhibit a decreasing trend as the contact friction coefficient increases.
Specifically, when the contact friction coefficient increases from 0.3 to 0.8, the maximum tensile
stress of the composite geomembrane decreases from 0.74 to 0.63 Mpa. The maximum tensile strain
decreases from 2.68% to 2.56%. The maximum tensile stress of composite geomembrane decreases
from 0.48 to 0.43 Mpa, and the maximum tensile strain decreases from 2.68% to 2.51%. Furthermore,
the stress-strain contour map illustrates that increasing the contact friction coefficient effectively
diminishes the area of the composite geomembrane subjected to higher tensile stress. Consequently, in
engineering applications, appropriately enhancing the friction between the composite geomembrane
and the concrete unit pool can mitigate the stress-strain state of the composite geomembrane, thereby
improving the structural stability and safety.

6 Conclusion

The finite element method is employed in this study to simulate the rigid landfill with a composite
geomembrane. The stress displacement analysis focuses on evaluating the overall structural behavior
of the landfill and the composite geomembrane within the cell pool, considering various operational
conditions such as empty and full landfills. The obtained results demonstrate that:

The symmetrically designed rigid landfill site analyzed in this paper exhibits approximate symme-
try in both stress and displacement of the entire structure as well as the composite geomembrane laid
within the cell pool when subjected to symmetrical loads.

When the rigid landfill is empty, the stress displacement of the concrete structure and composite
geomembrane is minimal. The stress deformation in most areas of the landfill is nearly uniform, with

https://www.scipedia.com/public/Huang_et_al_2025 18

https://www.scipedia.com/public/Huang_et_al_2025


M. Huang, T. Tu, Y. Jing and F. Yang,

Numerical simulation analysis on the stress

and strain behavior of composite geomembrane in rigid landfill,

Rev. int. métodos numér. cálc. diseño ing. (2025). Vol.41, (3), 53

only tensile stress generated at the corner of the unit pool. The maximum values for stress and strain
in the composite geomembrane occur at its anchorage area.

When the landfill unit pool reaches full capacity, the stress and displacement experienced by the
rigid concrete structure of the landfill and the composite geomembrane within the pool significantly
increase compared to the empty condition. The maximum tensile stress recorded at the landfill site
is 1.52 MPa, occurring at the junction between the side wall and the bottom plate of the cell pool.
The maximum vertical displacement is 1.68 cm, observed at the center of the cell pool’s bottom
plate. Additionally, the connection structure between the independent frame column of the landfill
maintenance sandwich and the upper bottom plate experiences substantial compressive stress, with a
peak value of 5.68 MPa. The composite geomembrane exhibits significant tensile stress and strain at
the top anchorage of the pool, the edge of the bottom of the pool, and the corners of the cell pool,
reaching a maximum tensile stress of 0.74 MPa and a maximum tensile strain of 2.68%, both occurring
at the top anchorage. Furthermore, compressive stress is generated in most central areas of the side
walls and bottom plate of the composite geomembrane. The maximum vertical displacement of the
composite geomembrane on the side wall is 4.83 cm, noted at one-quarter height of the side wall of the
unit pool, while the maximum vertical displacement on the bottom of the pool is 1.71 cm, located at the
center of the pool. Increasing the contact friction coefficient between the composite geomembrane and
the concrete cell pool can effectively reduce the tensile stress and strain in the anchoring area, thereby
alleviating the overall stress-strain state of the composite geomembrane.

The analysis indicates that the stress and deformation distribution of the composite geomembrane
installed in the rigid landfill project, as well as in the cell pool before and after reservoir emptying and
filling, remains within a reasonably controllable range. Nevertheless, during both construction and
operation phases of the landfill, particular attention should be given to areas with high tensile stress
near the geomembrane anchorage zones and at the corners of the cell pool. During the operational
lifespan of the landfill, effective monitoring must be implemented to prevent hazardous waste leakage
caused by long-term tensile cracking of the composite geomembrane. From a technical perspective,
applying an adhesive waterproof coating or utilizing self-adhesive waterproof coils within the cell
pool can enhance the integrity of the composite geomembrane placement while increasing the friction
coefficient between the geomembrane and the cell pool, thereby reducing stress concentration on the
composite geomembrane.
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