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Abstract

Given the well-known shortcomings of the traditional limit equilibrium methods (LEMs) in addressing slope stability issues, there
has been a growing interest towards employing finite element analysis as a viable alternative in recent years. However, due to the
inherent limitations in the conventional finite element analysis, the application of finite element method (FEM) as a strength reduction
method (SRM) or as finite element limit analysis (FELA) does not consistently yield successful results. To improve the efficiency of
finite element analysis for addressing slope stability problems, a new methodology called 'Stress Deviator Increasing Method' (SDIM)
has been recently proposed. It involves gradual expansion of the mobilized stress Mohr's circles until the soil failure takes place
according to a predefined non-convergence criterion. In this paper an attempt is made to analyze the effects of surcharge loading on
both factor of safety (FOS) value and location of the slip line using the finite element by SDIM by carrying out a restricted parametric
study. Specifically, the effects of surcharge loading magnitude, the proximity of the surcharge with respect to the slope edge and the
load distribution span were thoroughly analyzed and documented in the light of FOS values and plastic strain regions. The paper
ends by proposing design stability charts in which, for a given surcharge magnitude and a geometric configuration, the user is able to

determine the FOS for a combination of soil strength parameters.
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1 Introduction

Assessing the stability of slopes plays a vital role in geo-
technical engineering projects, such as road embank-
ments, dams, levees, highways, and structures built on
slopes. An inaccurate evaluation of the safety factor can
result in potentially catastrophic landslides, posing a
severe risk to both structures and human lives.

For nearly a century, several methods have been devel-
oped for analyzing slope stability. Among the oldest,
those of the limit equilibrium methods Bishop [1]; Lowe
and Karafiath [2]; Morgenstern and Price [3]; Spencer [4];
Janbu [5]; Sarma [6]. It is important to note that these
methods are based on simplifying assumptions and
should be used with caution.

The finite element method (FEM) is widely used today
for calculating slope stability problems. It is more rigor-
ous and precise and does not require assumptions about
interslice forces or the sliding surface. One of these

methods, known as the soil strength reduction method
(SRM) [7-15], involves reducing the shear strength
parameters until a situation of failure is reached. Another
approach, finite element limit analysis (FELA) [16-19],
provides rigorous upper and lower bounds of the safety
factor, although it is limited to problems where only
an associated plasticity flow rule is allowed. A third
finite element approach called 'stress deviator increas-
ing method' (SDIM) Amar Bouzid [20, 21] has recently
been developed to assess slope stability factor of safety
by modifying the in-situ principal stresses while keeping
the soil strength parameters unchanged. The SDIM is an
innovative method which has the advantage of preserving
the validity of the safety factor definition in the sense that
the evolution of the mobilized shear stress corresponds
to the same mobilized normal stress at every discretized
point within the medium.
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In many geotechnical situations, both artificial and nat-
ural slopes can experience external loads and surcharges
stemming from the construction of nearby buildings or
vehicle traffic in the case of roads. The presence of these
loads may cause instability of the slope. In such a condi-
tion, the value of the safety coefficient depends on several
parameters, including the geometric characteristics of the
slope, the distance between the building foundation and
the edge of the slope and the magnitude of the applied
surcharge, among others.

The presence of a foundation generating an external sur-
charge on a slope is a complex issue that has been the sub-
ject of several studies. Pantelidis and Griffiths [22] demon-
strated through a parametric study conducted within the
framework of the limit states of EC7 that the type of failure
mechanism of a foundation at the edge of a slope strongly
depends on its size and position. Xie et al. [23] assessed
the transition between the bearing capacity of a founda-
tion and slope stability mechanisms based on the founda-
tion location relative to the slope edge. The study, con-
ducted through two failure mechanisms, revealed the
relationship between the foundation setback distance and
the failure mode of the foundation-slope system. By using
the material point method (MPM), Xie et al. [24] analyzed
the failure mechanism of the foundation-slope system and
concluded that the setback distance of the load, the slope
inclination angle, and soil strength parameters have a sig-
nificant effect on the bearing capacity of the foundation.

These authors proposed a classification of failure modes
of the foundation-slope system based on the foundation set-
back distance and defined the critical failure mode, which
represents the transition between foundation failure and
slope instability. Zhu et al. [25] analyzed the stability of a
slope subjected to a localized overburden using a method
based on the virtual distribution of multiple deformation
lines. Baah-Frempong and Shukla [26] conducted a series
of analyses, considering factors such as slope inclination,
relative soil density, foundation distance from the slope
edge, foundation depth, and the intensity of the load on a
buried foundation at the slope crest using the SRM. They
assessed the impact of these parameters on slope stability
and subsequently proposed stability charts. Wang et al. [27]
employed the variable-controlling method to evaluate slope
stability, based on a horizontal distribution of deforma-
tions and the SRM analysis. The study, carried out under
various loading conditions, showed that the deformation
parameters can accurately reflect slope stability condi-
tions. Zhang et al. [28] studied the stability and interaction

mechanism of slope-pile-foundation systems under sur-
charge loading using the finite difference method. They ana-
lyzed in particular the effect of surcharge parameters, such
as intensity, position, and width, on the failure modes of the
slope, the evolution of the critical slip surface, as well as the
stress and strain characteristics. The results showed that the
surcharge parameters significantly affect the stability of the
slope-pile-foundation system. Ishak et al. [29] investigated
the behavior of a silica sand slope under surcharge loading
using both limit equilibrium method (LEM) and finite ele-
ment method (FEM). The authors carried out a consolidated
drained (CD) triaxial test to determine the parameters of the
silica sand. Experimental observation revealed that applying
a surcharge to the slope crest resulted in deformation and
swelling. The experimental results were validated by numer-
ical models. Zhang et al. [30] employed the Material Point
Method to assess the impact of surcharge loads on mixed
soil-rock slopes and compared their response to that of pure
soil slopes under similar loading conditions. The study quan-
tified the distribution of plastic zones and morphological
alterations of the slopes at characteristic stages. The com-
parative assessment revealed distinct damage patterns for
different slope types, enhancing the understanding of their
behavior under varying surcharge intensities.

The objective of this paper is to determine the parame-
ters that influence the behavior of a slope subjected to a sur-
charge using the stress deviator increasing method (SDIM).
The effect of the magnitude of the applied surcharge, its
distance from the slope edge, and its distribution length
are analyzed and the results are presented in terms of the
safety factor. The slope failure mechanism and the dis-
tribution of deformations in the soil are also examined.
Optimal values of surcharges and their locations on the
slope can be deduced depending on the geometric and geo-
technical parameters. Finally, slope stability charts estab-
lished by the SDIM are proposed for different surcharge
values. These charts can be used to quickly evaluate the
slope safety factor as a function of the applied surcharge.

2 Short description of the FE procedure SDIM

The methodology utilized in this paper is termed the Stress
Deviator Increasing Method (SDIM). It employs a finite ele-
ment strategy where stress Mohr's circles, corresponding to
the mobilized principal stresses, are systematically increased
until a failure criterion is attained. This method, extensively
discussed in works by Amar Bouzid [20, 21], aims to over-
come the existing limitations in both the Limit Equilibrium
Methods (LEMs) and the Strength Reduction Method (SRM)



while offering various advantages. This paper presents a con-
cise overview of the SDIM theory that has been implemented
in a Fortran computer program named S*DINA 3.

In this approach, the process of computation involves
incrementally raising a coefficient termed the "Mohr cir-
cle expansion coefficient" until the slope failure is reached.
FT™rial is then used to control the rate of expansion of the
Mohr circle. This coefficient is given by:

Trial
Frrial _ Tm_ )
7’-SDIM

The fundamental concept involves the expansion of
the initial principal stresses of the Mohr's circle with the
objective of maintaining the parallel orientation of the line
o,i to the subsequent line of the Mohr's circle o (Fig. 1).
This alignment ensures that both the mobilized shear
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same plane, thereby preserving the Factor of Safety (FOS)
definition in terms of shear stresses.

The critical equations derived from the SDIM, are the
expressions of principal stresses trial values. These equa-
tions have been developed to control the expansion of
Mohr's circle in function of the increased value of F7,

The resulting trial principal stresses are as follows:
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Trial
ot < EDIT oy Do _y) @
2 2

T

i ¢

T = ¢+ Jlm tan ¢

Trial t] =7 -
T o ~s
777N <
; \ ~
/ iR N :
/ i 2 N circle

Final Mohr’s
— , \ N
\ \
' m / \
’ c Tsplmf /! ‘\ \ \
/ [ N\
03 !

Trial Mohr’s
circle

Initial mobilized
Mohr’s circle

Fig. 1 Evolution of the mobilized stress Mohr's circle in the SDIM
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Where, S, is mobilized principal stress sum, D is the

mobilized principal stress deviator and ¢ is the internal

friction angle.

As the expansion factor F7 is gradually raised, stress
points with trial stresses reaching their ultimate values
undergo plastic deformation and generate plastic zones that
continue to spread. At this point, F7 is assumed to have
reached the stress point-based factor of safety, denoted as

FOS:,, which is calculated using the following formula:
/

FOSg,, = spii ©)
SDIM

From Fig. 1, the analytical evaluation of FOS.,,, is:

FOS,, =

SDIM
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For a purely cohesive soil, the analytical expression of
FOSg,, is:
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The overall FOS, is not attained as long as the solu-
tion of the algebraic system of equations is still converg-
ing. However, when the whole system fails to converge by
reaching the maximum number of iterations according to
a convergence criterion, the last value of F7"! is assumed
to be the overall FOS. Therefore, the accuracy of FOS
depends obviously on the accuracy of FOS;),, .

3 Effect of external loading on the Slope stability using
the SDIM-A parametric analysis

In practical situations, it is common to encounter external
loads at the edge of a slope, such as those associated with
building foundations, bridge abutments, or road loads act-
ing on an underlying embankment.

When the soil at the top of the slope is subjected to load-
ing, shear strength increases, leading to an increase in shear
stresses. Soil failure then depends on various variables such
as soil strength parameters, slope inclination, the length of
load distribution, and its position relative to the slope edge.
Optimal values can be determined through a stability analysis.

In the following, the stability of a slope under the influ-
ence of an overburden is assessed through a parametric
analysis. Stability is evaluated in relation to the slope
inclination, the magnitude of the load and its positioning
relative to the slope edge.



624 Medjitna et al.
Period. Polytech. Civ. Eng., 69(2), pp. 621-632, 2025

3.1 Effect of the slope inclination angle
To assess the effect of varying the inclination angle on sta-
bility, the slope shown on Fig. 2 is considered.

The soil deposit has an effective cohesion ¢ = 20 kPa,
an effective friction angle ¢ = 20° and a unit weight
y =20 kN/m>. A surcharge of (¢/yH = 0.5) over a span of
B=2.5m, is placed at a distance of » = 1 m from the edge
of the slope. The slope stability factor is computed for
four distinct slope inclinations £ = 30°, 45°, 60° and 90°.
When LEMs are involved for comparison purposes, the
software SLIDE 6.0 software [31] is employed.

The results of the variation in the safety factor as a
function of the slope inclination obtained with SDIM
were compared with those from the simplified Bishop
method [1] and the Spencer method [4] included in SLIDE
6.0 and are presented in the Table 1.

As expected, when the inclination increases, slope
instability increases, and the safety factor decreases.
The curve obtained by SDIM in Fig. 3 is nearly identical
to those obtained by both Bishop and Spencer methods,
with a slight deviation in the safety factor for = 90°.

Fig. 4 shows the distribution of the equivalent plastic
strain ¢, for different slope inclinations. It is evident that
changing the slope inclination under a fixed surcharge
directly affects its stability. For low inclinations (£ = 30°)
with a safety factor F,,, = 1.35, plastic deformations are
distributed vertically and directly beneath the surcharge,
indicating a soil bearing capacity rather than a slope stabil-
ity problem. This fact is in accordance with the results of
Wang et al. [27]. For a moderate slope (5 = 45°), the safety
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Fig. 2 Geometry and characteristics of the soil slope

Table 1 FOS values obtained by different methods for g/yH = 0.5

B S‘DINA 3.0 SLIDE 6.0 [4] SLIDE 6.0 [1]
30° 135 1.36 1.37
45° 0.96 1.00 1.01
60° 078 0.79 0.8
90° 0.55 0.5 0.46
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Fig. 3 Safety factor as a function of the slope inclination angle
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Fig. 4 Effect of slope angle on contour lines at failure: (a) # = 30°, (b)
p=45°%(c) B=60°,(d) f=90°



factor F' DIV

less pronounced towards the slope bottom.

=0.96 and the area of plastic deformations is

However, further plastic areas appear near the slope
surface, indicating an instability mechanism. In the case
of a vertical slope (S = 90°), two slip lines exhibit distinct
failure mechanisms. The initial starts from the slope crest
and extends the mid-slope height, whereas the second ini-
tiates at the slope toe and progresses downwards towards
the slope base.

3.2 Effect of surcharge load magnitude
The effect of varying the overburden on slope stability is
analysed by applying progressively increasing loads rang-
ing from 25 to 300 kPa (g/yH between 0.125 and 1.5), and
positioned at a fixed distance of 1 m from the slope's edge
for a slope inclination of § = 45°.

The evolution of factor of safety provided by SDIM and
those of LEMs in terms of ¢/yH is illustrated in Fig. 5.

Firstly, the variation curve of the safety factor as a function
of the relative overburden obtained by SDIM is compared
with those obtained by the simplified Bishop and Spencer
methods. The safety factor values obtained by SDIM are
slightly lower than those obtained by the slice method, which
can be explained by the use of a non-associated flow rule in
the SDIM [21]. The curves exhibit the same trend, which is a
decrease in the safety factor with an increase in the surcharge.

The Figs. 6 (a)-(d) display the distribution of a; contour
lines and the failure mode of a slope subjected to increas-
ing overburden. As expected, the slope failure mechanism
strongly depends on the magnitude of the applied load
Zhu et al. [25]. Indeed, for loads of low to moderate intensity
(q/yH less than 0.5), the failure surface is well-defined, and
the slope exhibits a deep failure reaching the toe of the slope
(toe failure surface). As the overburden increases, the depth
of the failure slip line decreases, giving birth to a mechanism
resembling that of a shallow foundation bearing capacity
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Fig. 5 Safety factor as a function of the relative surcharge g/yH

Medjitna et al. | 625
Period. Polytech. Civ. Eng., 69(2), pp. 621-632, 2025

x (m)

(b)

q = 200 kPa

Fspm = 0.71

20 25 30
x (m)

(d

Fig. 6 Effect of surcharge load on % contour lines at failure:
(a) ¢/yH=0.125 , (b) g¢/yH= 0.5, (c) ¢/yH = 0.1, (d) g/yH= 1.5

mechanism Pantelidis and Griffiths [22]. For heavy loads,
the slope failure is localized at the slope inclined face.

3.3 Effect of the proximity of the surcharge load to the
slope edge

Several studies have analysed the effect of varying the
proximity of an overburden to the edge of a slope to deter-
mine the critical setback distance from which the load no
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longer affects the slope's stability. In this context, an over-
burden ¢ = 100 kPa is placed at the top of a slope with a
fixed height H = 10 m. The parametric analysis pertains to
the influence of varying relative setback distance ratios of
b/B=0.0, 2.0, 3.0, 4.0 and 6.0 on the slope factor of safety.

In order to assess both the influence of the slope incli-
nation and the setback distance ratio on the slope stabil-
ity factor, four different inclinations f = 30°, 45°, 60° and
75° were considered. The resulting curves are shown of
the Fig. 7. Upon initial observation, it is apparent that
these curves illustrate an identical pattern, character-
ized by a linear segment between /B = 0.0 and b/B = 3.5.
Subsequently, there is an approximate horizontal line,
indicating a marginal impact of the setback distance on the
F, ., regardless the value of slope inclination . An opti-
mal setback for which the external loading has no influ-
ence on the g, can be set as b/B = 3.5.

Fig. 8 illustrates the distribution of the equivalent plas-
tic strain e; contour lines at failure along with the value of
factor of safety for different loading placements.

The initial observation is evident: as the distance
between the load and the edge increases, its impact on
slope stability diminishes, leading to an increase in the
safety factor (Figs. 8 (b)-(f)).

Specifically, the safety factor rises as the relative dis-
tance grows and stops when b/B reaches a critical value
of approximately 3.5. Beyond this critical distance, the
presence of the load ceases to affect the stability, and the
slope stability factor in nearly identical to the same slope
without external loading. For a slope without overbur-
den (Fig. 8 (a)), the failure slip line appears at the toe of
the slope, and the safety factor is F, , = 1.70. When an
external loading of magnitude equal to 100 kPa is placed
at slope edge (Fig. 8(b)), the FOS becomes unstable with
aF = 1.35. In this case, plastic deformations primar-

SDIM
ily concentrate under the load and near the slope surface.

Safety factor Fspim

0,5 1,5 2,5 3,5 45 5,5 6,5 7,5

Relative setback distance b/B

Fig. 7 Variation of the safety factor (F,,, ) as a function of the setback
distance b/B for different slope angles

As the load moves away from the edge, the safety factor
increases to attain 1.54 (Fig. 8 (c)) and 1.67 (Fig. 8 (d)) for
respectively b/B = 2.0 and b/B = 3.0. Beyond a critical set-
back distance, evaluated as b/B = 3.5, the slope behaviour at
failure reveals two distinct failure mechanisms (Figs. 8 (¢)
and (f)). The first which occurs in the sloping ground and
slipe line is similar to that of a slope without surcharge
loading. In these conditions, the stability becomes com-
pletely independent of the influence of the load and the
safety factor recovers its initial value of ¥, , = 1.70.

Figs. 9 (a)-(f) illustrate the distribution of the equiva-
lent plastic strain e; contour lines at failure along with the
value of factor of safety for different loading placements
for a slope with an inclination angle § = 75°.

The second failure mechanism occurs directly beneath the
load, indicating a shallow foundation bearing capacity issue.

The same observations can be made regarding the vari-
ation of the safety factor and the distribution of plastic
deformations. In fact, the safety factor is F,, = 0.84, for
a slope of f = 75° without surcharge (Fig. 9 (2)). In the
presence of a surcharge of ¢ = 100 kPa on the edge, it
drops to F, = 0.66 (Fig. 9 (b)). The safety factor then
increases gradually as the load moves away from the
edge (Figs. 9 (c)-(d)) to reach the previous value of a slope

without surcharge of F, = 0.84 for a relative setback

‘DIM

distance of b/B = 4. The distribution of equivalent plastic
deformations is practically identical to that of the slope
of = 30°, without surcharge. The closer the surcharge is
to the edge, the more the plastic zones concentrate near

the slope, indicating its instability.

3.4 Influence of the load distribution length

To analyse the effect of the load distribution length B on
the stability of a slope, the safety factor is evaluated for
a slope subjected to a surcharge loading of ¢ = 100 kPa
distributed over a length B ranging from 2.50 to 20.0 m.
The slope has a height = 10 m and has a variety of incli-
nation angles f. Fig. 10 shows the variation of the safety
factor F'g,),

charge B/L for slope angles f varying from 30° to 90°.

with the relative distribution length of the sur-

The first observation is that the curves have the same
trend regardless of the slope angle. The second observa-
tion is that the safety factor decreases slightly when the
distribution length B/L increases from 0.1 to 0.2, then sta-
bilizes for B/L > 0.2. Based on these results, it can be con-
cluded that increasing the distribution length of the sur-
charge has no significant effect on slope safety beyond a
relative distance of 0.2.
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Fig. 8 Effect of loading position on s_p contour lines at failure: (a) g =0, (b) /B =0, (c) b/B=2,(d) b/B=3, (¢) b/B=4, (f) b/B=6

Figs. 11 (a)-(d) illustrate s; contour lines at failure as well
as the safety factor as a function of the load distribution
length for a slope angle of f = 45°. The slope stability is min-
imally affected by the variation in the distribution length.
In fact, the safety factor slightly decreases from 0.96 to 0.93
as B/L varies from 0.1 to 0.4, and then stabilizes at B/L = 0.8.

This confirms that increasing the load distribution distance
has practically no effect on the value of slope stability factor.
Although the F,,, is not affected, the load distribu-
tion span notably impacts the 8; contour lines at failure.
In fact, when the relative distance is small (B/L = 0.1),
the slip line is well defined and the zone beneath the sur-
charge load remains elastic.

However, when B/L increases, the soil beneath the right
edge of the surcharge loading becomes more overstrained
giving birth to a second slip line. The plastic deformations
spread towards the left boundaries of the discretized model.

4 Stability charts proposal

Stability charts have been devised to facilitate a rapid initial
assessment of the safety factor. Several authors in the past
proposed charts for safety factor determination. Among
these pioneers, Taylor [32] introduced stability charts for
slope stability using the ¢-circle method and defined the sta-
bility number N in function of the stability factor F'as c/yHF
to present the results in dimensionless form. Nonetheless,
Taylor's charts have some drawbacks, as they do not pro-
vide any indication of the location of the failure circle,
and the definition of the safety factor necessitates an iter-
ative computation. Over the years, numerous suggestions
based on limit equilibrium methods (LEMs) or finite ele-
ment limit analysis (FELA) have been made to enhance
Taylor's charts and eliminate the need for an iterative pro-
cess. Michalowski [33] produced a series of stability charts
based on finite element limit analysis, offering non-iterative



628 Medjitna et al.
Period. Polytech. Civ. Eng., 69(2), pp. 621-632, 2025

ym

10 15 20 25 30
x (m)
(@)
g =100 kPa

y (m)

10 15 20 25

x (m)
(©)
q = 100 kPa
20
15
~
g
~
=
10
5

5 10 15 20 25 30 35

x (m)

©

13 \‘\ £=30° q/YH=0,5

H
g 1 B =45
\
g 09
£ o p= o0
z
Q@ 07 B=7
8 ——
06 1 B =90°
05
0,4
01 02 03 04 05 06 07 038

Relative load distribution length B/L

Fig. 10 Variation of the safety factor (F§,,, ) as a function of the loading
span B/L for different slope angles

q = 100 kPa

y (m)

15 20
x (m)

(b)
q = 100 kPa

x (m)

@
q = 100 kPa

iy

y (m)

15 20 25 30
x (m)

®
Fig. 9 Effect of loading position on s_p contour lines at failure: (a) ¢ =0, (b) 5/B=0, (c) b/B=2,(d) b/B=3, (e) b/B=4,(f) b/B=06

calculation process. The proposed charts are suitable for
slopes subjected to water pore pressure and seismic forces.
The effect of water pore pressure was also considered by
Sun and Zhao [34] in stability charts based on limit equi-
librium methods. Tang et al. [35] developed stability charts
for homogeneous and isotropic slopes using the upper
bound analysis theory and the strength reduction method.
These charts accommodate various slope conditions, such
as the presence of an external surcharge on the slope crest,
water pore pressure, and horizontal seismic forces.
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In the following, the finite element procedure (SDIM)
is employed to establish stability charts for a homoge-
neous slope subjected to a uniform surcharge load ¢ at the
slope crest. The slope geometric dimensions and surcharge
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distance and location are those previously presented in
the Fig. 2. The charts have been developed for a slope incli-
nation angle f ranging from 15° to 90°, and the surcharge is
represented by the previously defined surcharge ratio g/yH.
Six surcharge ratios, namely: 0.0, 0.1, 0.2, 0.3, 0.4 and 0.5
were considered in the analysis. These charts for g/yH = 0.0
through g/yH = 0.5 are respectively illustrated by Figs. 12—17.
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Fig. 12 Stability chart for homogeneous slope without surcharge
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Fig. 13 Stability chart for homogeneous slope with surcharge load
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Fig. 14 Stability chart for homogeneous slope with surcharge load
q=0.2yH
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Fig. 15 Stability chart for homogeneous slope with surcharge load
q=0.3yH
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Fig. 16 Stability chart for homogeneous slope with surcharge load
q=0.4yH
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Fig. 17 Stability chart for homogeneous slope with surcharge load
q=0.5yH

4.1 Calculation examples

The first example consists in homogeneous slope without any
external surcharge having a height of H = 15 m, an incli-
nation angle of f = 75° and soil strength parameters are:
¢ =25°, ¢ =15kPa, y =20 kN/m>. The determination of the
factor of safety requires the use of charts of Fig. 12. The nec-
essary parameters and the FOS values obtained by the meth-
ods involved in the comparison, are gathered in Table 2.

The second example consists of a homogeneous slope
subjected to an external surcharge ratio g/yH = 0.2.
The slope has a height of # = 10 m, an inclination angle
of f = 45° and soil strength parameters are: ¢ = 15°,
¢ =10 kPa, y = 20 kN/m?>. Based on this information, the
determination of the factor of safety requires the use of
charts of Fig. 14. The necessary parameters and the FOS
values obtained by the methods involved in the compari-
son, are reported in Table 3.

Tables 2 and 3 compare the safety factor values obtained
from chart assessment for the two examples with those
derived from the limit equilibrium (LE) and limit analy-
sis (FELA) methods. The factors of safety (FOS) obtained
through the Limit Equilibrium Method (LEM) were pro-
vided by SLIDE 6.0 using Spencer's approach, while those
from Finite Element Limit Analysis (FELA) were obtained
using the software OPTUM® [36]. The close agreement
between the FOSs resulting from graphical assessment and
those from finite element limit analysis strongly suggests
that the charts generated by the SDIM method are reliable.

Therefore, they can be considered as a rapid alternative
for accurately estimating the FOS for any combination of
strength parameters.

Table 2 FOS values from graphical assessment and other methods for
the example 1

Parameters £(°) qlyH c/yHtang  c/yHF  tang/F
Values 75.0 0.0 0.107 0.05 0.45
Graphical assessment
from charts of Fig. 12 077 0r 0.79
Factor SLIDE 6.0 0.9
of safety (Spencer's method) '
provided Lower 076
by: , bound ’
FELA (OPTUM®%?)
Upper
bound 077

Table 3 FOS values from graphical assessment and other methods for

the example 2

Parameters L) qlyH  clyHtang  c/yHF  tang/F
Values 45.0 0.2 0.19 0.074 0.39
Graphical assessment
from charts of Fig. 14 0.69 01 0.67
Factor SLIDE 6.0 07
of safety (Spencer's method)
provided Lower
by: ) bound 069
FELA (OPTUM®)
Upper
bound 071




5 Conclusions

A new finite element procedure called SDIM was recently
proposed for the assessment of slope stability factor.
The performances of this numerical procedure were con-
firmed when compared to other numerical approaches
especially the finite element limit analysis (FELA). By sys-
tematically expanding Mohr's stress circle, the factor of
safety is reached when the slope failure occurs, thus taking
the reverse path of the SRM which consists of reducing the
soil strength parameters. The slope failure is considered
to take place when the iterative process fails to converge
within a prescribed range of maximum number of itera-
tions. In many geotechnical situations, both man-made and
natural slopes can experience external loads and additional
surcharges stemming from the construction of neighbour-
ing buildings or vehicle movement in the case of roads.

The presence of these loads has a significant impact on
the value of safety factor, potentially transforming the sit-
uation from a stability concern to a bearing capacity prob-
lem or a combination of both.

Consequently, other parameters such as surcharge
intensity, the geometric distribution of the surcharge and
the distance between the building foundation and the
slope edge play a significant role in shaping the factor of
safety, as well as determining the geometric configura-
tion and position of the failure surface.

In order to quantify the effects of external surcharges
applied on a slope, this paper attempts to analyse the
effects of surcharge loading on both factor of safety and
location of the slip line using the finite element by SDIM.

After a brief description of the SDIM approach, a para-
metric study was carried out. Specifically, the effects of
surcharge loading magnitude, the proximity of the sur-
charge with respect to the slope edge and the load distri-
bution span were thoroughly analysed and documented
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