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This study systematically compares probabilistic slope stability analyses performed using
three widely used geotechnical engineering software packages: PLAXIS LE V21,
GeoStudio 2024 (SLOPE/W module) and Slide2. Probabilistic analysis has emerged as an
essential approach for quantifying uncertainties and calculating key metrics such as
probability of failure and reliability index, given the critical importance of risk assessment
and the inherent uncertainty in soil parameters. This research evaluates the capabilities,
accuracy and efficiency of each software package, as well as their respective limitations,
by performing identical analyses on three distinct scenarios (homogeneous soil, three-
layered soil and pseudo-static conditions) while employing ten common limit equilibrium
methods. The results show that, as the complexity of the problem increases, the factor of
safety decreases while the probability of failure and discrepancies between the software
packages increase. In the homogeneous scenario, the mean factor of safety ranges from
1.35 to 1.55, depending on the method selected, with a failure probability of 8-12%, and
inter-software differences of less than 5%. In the layered scenario, the mean factor of
safety decreases to 1.30-1.40, with inter-software discrepancies reaching approximately
15%. Under pseudo-static conditions, the mean factor of safety reduces by around 21% (to
1.15), the probability of failure rises to an average of 27%, and the inter-software
discrepancies reach 25%. Advanced methods (Morgenstern-Price and Spencer) yield
higher safety factors than simple methods (Ordinary/Fellenius). In terms of software
performance, Plaxis LE offers the greatest accuracy in complex conditions, GeoStudio
provides the most conservative estimates and, thanks to its advanced graphical tools,
Slide2 is a suitable option for probabilistic risk assessment.

Introduction
Slope stability analysis

common limit equilibrium methods were applied to

is a vital topic in each scenario using software. Soil parameter

geotechnical engineering, where failure can cause
substantial losses. Traditional deterministic methods
provide a single factor of safety but often overlook
inherent uncertainties in soil parameters and loading.
Probabilistic analysis addresses these uncertainties
by quantifying risks through metrics like probability
of failure (Pf) and reliability index, offering more
robust risk assessment. This study systematically
compares three popular software tools—PLAXIS
LE V21, GeoStudio 2024 (SLOPE/W module), and
Slide2 for probabilistic slope stability analysis. It
evaluates their capabilities and accuracy, as well as
their limitations, to help engineers choose the right
tool for the reserch.

Materials and Methods

Three scenarios were analyzed: (1) homogeneous
soil with groundwater; (2) three-layered soil with
groundwater; and (3) three-layered soil under
pseudo-static seismic loading (kh = 0.15). Ten

uncertainties (unit weight, cohesion and friction
angle) were modelled using normal distributions
with a 10% coefficient of variation (COV), based on
the literature. Latin Hypercube Sampling generated
1,000 samples per analysis to ensure convergence.
Identical geometries, material properties and
probabilistic settings were used across all software
packages to enable fair comparison.

Results and Discussion

All three software packages reliably performed
probabilistic analyses, producing converged results
and normally distributed factor of safety outputs
after 1,000 samples. In the homogeneous case, the
factor of safety (FS) ranged from 1.35 to 1.55, with
minimal differences (less than 5%) among the tools.
In layered conditions, the mean FS decreased by
~0.15 and discrepancies increased (up to 15%).
Pseudo-static loading lowered the mean factor of
safety to ~1.15 and increased the average Pf to 27%,
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with maximum differences reaching 25%. Slide2
excelled in terms of advanced visualisation and risk
tools, GeoStudio offered an intuitive interface and
integration, and PLAXIS LE provided the highest
level of accuracy in complex scenarios via its FELA
approach. The selection of method significantly
affected the results, with the more rigorous methods
(e.g. Spencer and Morgenstern-Price) yielding a
higher factor of safety than the more simplified ones.

Conclusions
This comparative study confirms that PLAXIS LE
V21, GeoStudio 2024 and Slide2 are all capable of

conducting accurate probabilistic slope stability
analyses. However, each software has its own
strengths: Slide2 is ideal for comprehensive risk
assessments, GeoStudio is best suited to routine and
integrated projects, and PLAXIS LE is optimal for
complex, high-precision modelling. Probabilistic
approaches outperform deterministic methods in risk
management. Engineers should select software
based on project complexity and requirements, and
ideally cross-validate critical results. The findings
provide practical guidance and emphasize the
importance of probabilistic analysis in modern
geotechnical design.
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Table 2. Relationship between probability of failure and reliability index

Reliability Index Probability of failure Performance level
1 0.16 Hazardous
15 0.023 Unsatisfactory
2 0.0027 Poor
25 0.0006 Below average
3 0.0001 Above average
4 3x10° Good
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Table 3. Characteristics of materials and their probabilistic parameters

" NAME PROPERT DISTRIBUTIO MEA STD. REL. REL.
Y N N DEV. MIN MAX

i Phi Normal 30 3 9 9

ToPLAYER | Material o

1 Unit Weight Normal 20 2 6 6

) Cohesion Normal 15 15 45 45

MIDDEL LAYER Matze”a' Phi Normal 30 3 9 9
Unit Weight Normal 19.5 1.95 5.85 5.85

Cohesion Normal 30 3 9 9

BOTTOM Material .

LAYER 3 Phi Normal 35 3.5 10.5 105

Unit Weight Normal 22 2.2 6.6 6.6



http://dx.doi.org/10.22034/JEG.2026.20.1.1018843
https://ndea10.khu.ac.ir/jeg/article-1-3188-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOI: 10.22034/JEG.2026.20.1.1018843 ]

Yy

Sr Syl | slofidle s sl oslaral b oo (s sl (VLo U (glaslie Julos

Slaws ows )‘0)55).3 wlﬁo c;")i"‘m )‘ @L»J 9 009 iz g
S b bl ol Kl 10 cwgmtme ot in sladiges
osls 45w oo Lis ¥ S5 5o giasl o 2o #0595 pl,S gl
Gy 1V Hlse Byl o VFY sgus Sl b Loy 2595
(39,9 Syl sl Jboy i 28 L Bl (nl 0 e
lacaabs pae ax g5 BB 56 samo LSV A B Ve e

Jlel @5 bl 2 (63959 b yiie 5l (lbdiges odsi sln
Ve g ad eoliul (Y 0seS mle (g pSdised g, Sl dag]
Gl diges Vv aS wies oo lid b ol a8 5 S 4 diges
Oeized (W JS2) Cl S sl ol SKen o drale
(ol cop2 polie @Sl @595 (n e 45 WS (oo LIS S
ol Vs s @l Kes loges (VJS2) conl Jboy @98
Saie 4y digei oo g 5l (Seul oy 2Ske 4S B0 oo
ol ey JBla 4 o Sllegi g ooy VIEY o)i jlal
S YLz Judos gy aigas Ve v v il a5 ams oo LS

1.18

1.16

1.14

1.12

1.10

1.08

Factor of Safety (mean) - janbu simplified

o 100 200 300 400

500 600 700 800 900 1000
Number of Samples

Wgos Voo e gl SVl ST bl ol Ken N S

Fig. 1. Convergence of probabilistic analysis results for 1000 samples

5 5
BREN

>
€ 4 4
- [ "
=
=4
23 F 3
w
]
5 2 2
=
©
: [ 7

1 = 1

ﬁfﬂ ['r
e T i o 0
0.8 0.9 1.0 1.1 1.2 1.3 1.4
Factor of Safety - janbu simplified

[ Highlighted ~ [C7] Other Data

Best Fit Distribution

SAMPLED: mean=1.082 s5.d.=0.08286 min=0.8365 max=1.364 (PF=17.100% RI=0.99121, best fit=Normal distribution)
FIT: Normal mean=1,082 s.d.=0.08286 min=0.8365 max=1.364

(903 Oloan gl gy 3 051> @95 dsal cord 2 oS @i ¥ SO
Fig. 2. The distribution governing the safety factor (the distribution governing the Janbo method, for sample)

5l 5 s o gl 5l iges Sy ol 0 plovl il b,
RS (# uLw.l Y J\i,.u ] O;MT Y J.i..u 39 o ‘U"’j) 6‘,\
S sle ) selbie Glou 2530 gsha JIBles 4w e a5
19 00 dmals oS ez yolie wilos S olulit Sen

0y 23 ST 0929 b oFed S Jol (599 b
Material ) S5 iz G 5l s plad ool (5,8 g3yl ol 5o

Ve eyt s ool 5T 580 a5 dns o 5l ooliziasl by .ol 2


http://dx.doi.org/10.22034/JEG.2026.20.1.1018843
https://ndea10.khu.ac.ir/jeg/article-1-3188-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOI: 10.22034/JEG.2026.20.1.1018843 ]

Voo lads Ve 0,98 (gt owlid (yae

Yy

GeoStudio
2024

1.076

Mean F of § 10768
Reliability Index 0.6731¢
Reliability Index (Logarithmic) 0.6474¢
P (Failure) (%) 24.600(
Standard Dev. 0.11411
Min F of § 0.6938:
Max F of S 14327

Slide2

Deterministic Global Minimum
FS (deterministic) = 1.072

FS (mean) =1.072

PF = 26.600%

RI (normal) = 0.640

RI (lognormal) = 0.612

Plaxis LE V21

FOS=1.071
e

"

ue”

Slope Information
Calculation Method:
"] search Method

Lot FOS
et Probability of Failure:
Total Weight:
Total Volume:
Total Activating Mement
Total Resisting Moment:
Total Activating Force:
Total Resisting Force
Rotation Center.
Radius:
Slip Surface Entry Point:
Slip Surface Exit Point:

Spencer
Slope Search
1.071

29.6 (%)
2.829E+004 (kN)
1.532E+003 (m"3)
1.074E+008 (kNm)
9.388E+005 (kNm)
1.016E+004 (kN)
8 875E+003 (kN)
107.311, 118.572 (m)
91.086 (m)

24.795, 80.000 (m)
128.565. 30.000 (m)

(A0 Olgins puaccmsl G29,) 381 33 A y0 (Kol S o 50 oh (55l (VLo S LT ol ¥ IS
Fig. 3. The results of probabilistic analysis of slope stability in the case of homogeneous soil in three software (Spencer's

method as an example)
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Fig. 5. The results of probabilistic analysis of slope stability in the case of layered soil in three software (Corps of Engineers

#1, as an example)
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Fig. 7. The results of probabilistic analysis of slope stability in the case of layered soil and quasi-static analysis in three software
(Janbu method, as an example)
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