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ABSTRACT: Mechanically Stabilized Earth Walls (MSE) have gained popularity as a cost-
effective, straightforward, and fast alternative to various retaining methods in recent years. Un-
derstanding the behaviour and performance of these walls is of utmost importance. This study
aims to create an numerical model for assessing the effectiveness of a fully instrumented Me-
chanically Stabilized Earth (MSE) wall in New Cairo, Egypt. The study aims to examine the
safety factor of the wall. An numerical model is created by employing finite element analysis
with the PLAXIS 2D software. The model's accuracy is verified by comparing it to field moni-
toring data. The paper examines the impact of different factors on the safety factor of MSE
walls, including axial stiffness of geogrid, angle of internal friction of the reinforced soil, aspect
ratio of the wall, and surcharge loading.

1 INTRODUCTION
1.1 MSE wall

The Mechanically Stabilized Earth Wall (MSE) is a popular and cost-effective alternative to
conventional wall systems due to its simplified building process and reduced expenses. MSEs
are composite structures made up of alternating layers of compacted backfill and soil-
reinforcing elements connected to a wall facing. The stability of the wall system is determined
by friction and tension in reinforcement mechanisms, allowing it to withstand significant loads.
The stress transfer mechanism between soil and reinforcement is primarily due to friction and
shear stress, while passive resistance is generated through bearing stress on transverse rein-
forcement surfaces (Elias et al., 2001).

1.2 Design methods

Mechanically Stabilized Earth Wall (MSE) internal stability is influenced by geotechnical con-
cepts like Rankine and Coulomb earth pressure theory. The design method for extensible or in-
extensible reinforcement depends on its stiffness, which determines the distribution and magni-
tude of tensile loads. The Coherent Gravity Method predicts reinforcement loads in inextensible
MSE walls using active Rankine and Coulomb earth pressure theory. This method is used in
North America, Japan, and the UK (British Standards Institution., 2010). However, extensible
reinforcement walls under active earth pressure conditions often have conservative predictions
due to soil stiffness and hard facing. The FHWA Structure Stiffness Method, now known as the
Simplified Stiffness Method, calculates tensile reinforcement loads for both extensible and inex-
tensible reinforced MSE walls (Christopher et al., 1990).

MSE walls are typically analyzed using analytical methodologies and often numerical simula-
tions using the finite-element method (FEM). Two-dimensional plane strain modelling is used
for most analyses. Enhancing extensible MSE wall methodologies is crucial for optimization.



Full-scale monitoring data is needed for calibrating numerical models and understanding stress-
strain response.

2 CASE STUDY
2.1 Description

This research focuses on a full-scale mechanically stabilized earth (MSE) wall that was con-
structed and studied in a residential compound located in New Cairo, Egypt. The height of the
wall investigated is 4.4 meters as presented in Figure 1. The wall reinforcement consists of an
HDPE geogrid, specifically a Tensar uniaxial geogrid, which was affixed to the wall facing us-
ing HDPE polymeric connectors. The two grades of HDPE geogrid used for wall reinforcement
are HDPE-1 and HDPE-2. The wall facing was constructed using concrete modular blocks of 20
cm x 20 cm x 40 cm, which were equipped with shear keys. This enhanced the shear capacity at
the contact between the blocks and facilitated alignment (Salem et al., 2018).
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Figure 1:Monitored MSE wall

2.2 Numerical modelling validation using measured results

The numerical model for the reinforced soil walls was constructed with the two-dimensional fi-
nite element software PLAXIS 2D (R. Brinkgreve & P. A. Vermeer, 2021b). This software also
simulated the walls' response before and after the application of loading pressures. The finite el-
ement model depicted in Figure 2 is used to simulate the instrumented wall on-site. This model
takes into account the levelling pad, reinforced face panels, foundation, filter and retained soil,
geogrid layers, and different loading phases(R. Brinkgreve & P. A. Vermeer, 2021a).

Modular blocks and levelling pad are plate elements that have a linear elastic constitutive
model. This model is used to accurately represent the modular and concrete behaviour of these
elements. Additionally, a total of seven geogrid layers were simulated using the geogrid type
and an elastoplastic material type. Conversely, all soil models were simulated utilizing the hard-
ening soil constitutive model. The Hardening Soil model is a sophisticated model designed to
simulate the behaviour of various soil types, particularly under loading and unloading condi-
tions (Potts & Zdravkovi¢, 2001). The model is capable of accurately representing the behaviour
of a specified type of soil. The research presents results of numerical modelling compared to
measured results in different cases of loading(Hassan et al., 2023).
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Figure 2:Generated 2D FEM for MSE wall

3 PARAMETRIC STUDY

Several dimensions and conditions influence the behaviour of an MSE wall. The axial stiffness
of the geogrid, internal angle of friction for reinforced soil, aspect ratio of the wall, and sur-
charge loading are the four key elements that have a significant impact on the MSE wall. Para-
metric research was conducted on the previously validated finite element model. In order to in-
vestigate the impact of any specified parameter, All remaining parameters remain constant
during the analysis.

3.1 Axial stiffness of the geogrid

MSE wall of height 4.4m and 0.6m vertical spacing between geogrids is adopted for analysis.
Furthermore, the analyzed axial stiffness ranged from 800 kN/m to 3000 kN/m with HDPE uni-
axial geogrids.

Figure 3 illustrates the impact of geogrid axial stiffness on the safety factor of MSE walls.
The graph demonstrates the impacts as axial stiffness increases. The safety factor increases. The
impact is notable for low stiffness values until it reaches a stiffness of 1800 kN/m, accompanied
by a 5% rise in the safety factor. However, the second section from 1800 kN/m to 3000 kN/m of
the graph indicates that the safety factor remains consistently around 1.7.
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Figure 3: Geogrid axial stiffness effect on MSE wall factor of safety

3.2 Internal angle of friction for reinforced soil.

Reinforced soil properties have a high impact on behaviour of MSE wall, especially the Safety
factor of the wall. On the other hand, the shown study was performed on a range of angles from
30 degrees to 42 degrees and applied to the original FEM. Table 1 presents the used range of in-
ternal angles of friction and the corresponding Young’s modulus to each angle.

Table 1: Angle of internal friction and corresponding Young's modulus

Angle of internal friction (°) 30 32 34 36 38 40 42

E(Mpa) 18 22 26 41 60 75 90

The alteration of the angle of friction for the reinforced soil results in a fluctuation in the factor
of safety of the wall, while keeping all other parameters constant. A 2-degree variation in angle
will result in a 4% impact on the factor of safety. The graph in Figure 4 shows a nearly linear
increase in safety factor as the angle of internal friction increases.
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Figure 4: Angle of internal friction of reinforced soil effect on MSE wall factor of safety



3.3 Aspect ratio of MSE wall.

The length of reinforcement is a significant characteristic of an MSE (Mechanically Stabi-
lized Earth) wall and is often determined as a ratio of the required wall height. The FHWA and
British standards specify that the minimum recommended aspect ratio between the length and
height of a wall is 0.7, assuming the wall is functioning normally as a retaining structure. In ad-
dition, some situations such as bridge abutments may necessitate a longer reinforcement length
ranging from 0.8 to 1.1 times the height (H).

Analyze the influence of wall aspect ratio on wall behaviour, specifically in relation to the
safety factor of the wall. The study includes aspect ratios that range from 0.5 to 1.1. Figure 5
depicts the values of safety factors. The aspect ratio increases by 10% as it changes from 0.5 to
0.6, and subsequently, the rate of rise decreases to 7% until it reaches an aspect ratio of 1. The
safety factor remains constant.
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Figure 5:Aspect ratio of wall on MSE wall factor of safety.

3.4 Surcharge loading.

In addition to its primary purpose of retaining soil, an MSE wall can also be utilized in an
embankment and abutment of bridge where it will be subjected to various stress situations, such
as traffic loading and construction equipment like crane loading, which can reach up to 60 kPa.

The application of increased stress leads to a commensurate decrease in the safety factor. An
increase of 10 kPa in loading stress results in an approximately 5% decrease in the Safety factor
of the MSE wall, as shown in Figure 6.
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Figure 6:Surcharge loading effect on MSE wall factor of safety.



4 CONCLUSIONS

This study presents a summary of the analysis conducted on a mechanically stabilized earth
wall, considering four of its parameters. The study utilized four parameters: axial stiffness of re-
inforcement, angle of internal friction of reinforced fill, aspect ratio of the wall, and surcharge
loading subjected to the wall. The PLAXIS 2D software utilized multiple characteristics to de-
termine the factor of safety, resulting in achieved outcomes.

The geogrid's axial stiffness ranged from 800 to 3000 kN/m, resulting in a 22% increase in
the safety factor. Changing the angle of internal friction in reinforced soil from 30° to 42° in-
creases the safety factor by 24%. In addition, altering the aspect ratio (L/H) of the MSE wall
within the range of 0.5 to 1.1 resulted in a 46.5% increase in the safety factor. The surcharge
loading effect on the safety factor of the MSE wall is impacted by 28% when the load value is
changed from O to 60 kPa.

All four characteristics have a significant impact on the safety factor of MSE walls. Wall as-
pect ratio has the greatest impact on safety factor.
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