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Source: Lacroix et al., (2020)
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Decrease shear strength

(1) Alteration/weathering

(2) Groundwater and pore pressure
(2.1) Rainfall/snowmelt
(2.2) Sewage pipes/channels/irrigation
(2.3) Cracks (favour water infiltration)
(2.4) Reservoir filling at the toe

(3) Vegetation removal

Increase shear stress
(4) Debuttressing at the toe
(4.1) Incision (river or man-made)
(4.2) Reservoir unfilling/glacier retreat
(5) Loading (natural or man-made)
(6) Transient loading/transitory stress

(4.1)
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WHAT WE WOULD LIKE TO KNOW
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HOW TO INVERT THE FAILURE DEPTH, VOLUME, AND
MECHANICS OF SLOW-MOVING LANDSLIDES
ACCURATELY?
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FINITE ELEMENT FOR SLOPE STABILITY

INPUT PARAMETERS

Gefirhs, [V & Lme, P A (9. Giotechnigre 4, Mo 3, 18740

Slope stability analysis by finite elements

Do W GRIFFITHSY

The majority of slope siabililty analyses per
formed in praciice still we traditional limit
efuilibrium  appmaches  invalving methsds o
slices. that have remained esentially unchanged
for decades. This was not the outoome envisaged
when Whitmean & Bailey (1967) sel crileria for
the then emerging methods to become readily
mooessible to all engineers. The finile element
method represents a powerful aliernative ap-
proach for slope stability analysis which is acou-
rate, versalile and requires Tewer o prond
msumpltions, epecially, regarding the FEilure
mechanism. Slope MEilure in the finite element
model aocurs ‘naturally’ thmough the oones in
which the shear strength ol the soil is insufli-
cient b0 resil the shear siresses. The paper
tlescriles several examples of finite  element
slope stahility analysis with comparison against
er salution methods, incluling the influence
a free surfsce on shope and dam stability.
Giraphical output & included to ilhstrate defor
maations and mechanines of filure It & argued

analysizs & & more powerful alternative to tradi-
tional Tnsiit wquilibrium  meethods and s wides
spreatd use  should now  be standard  in
geobechnical prachice.

EEYWORDS: dams; Limii equilibrinum meibsd; num-
erbzal meedelling; plactiziy; despes

and P A LANEY

En grande majorite, les analyses de stabilité de
pente mendes dans la pratique  continuent &
uliliser les métholes traditionnelles o equilibee
limite e des systemes de tranches qui n'ont
pratiquensent  peas change depuis des dizaines
d'anndes. Ce n'dlait pas ke nSollal envisage
quand Whitman et Bailey (1967) ont élabli des
criteres  pour que oes methodes  alors émen
peantes pubsent devenir Gacilement accesibles &
tows b ingénicurs. La méthode d'éléments finis
qui représente une allernative puissante pour les
analyses de stabilité de pente, et exscte, poly
valente e demande mwins  d'hypothéses ‘a
priori’, surboul en oo qui concerne Jes mecas
nismes ae ruplure. La ruplure de pente dans ke
modéle & éléments finis se produil ‘natorelle
ment’ & lravers des wones dans besquelles la
resistance au cisaillement du sol el insuflisante
pour résiber aux contrainbes fangenticlles. Cet
expue decrit plusienrs evempls d'analyies de
stabilité de pente ulilsant ls clémenk fini et
clalliit des comparsisons avec d'sulres meéth-

Thal The Tinile elenment methad ol slope slability ailes, comme Tinfluence d"une surface Tlre sur

la stabilité d'une pente e d'une digue. Mous
joignons une representation i]’l]ﬂL‘I.lll.! pour il
lusirer les deformations ef mecanismes de rup-
ture. Nous avangons que la methode d'cémenis
finis pour analyser la stabilité des pentes consti-
fue une albernative plus puissante aus meé thodes
traditionnelles o &yguilibre limite e gque son wiili=
sation devrail maintenant devenir une pratigue
standard en geotechnigue.

INTRCHIC IO
Elastor-phstic amlbysis of geotechnial  prohlems

wing the linfe ekment (FE) method has been
widely accepted in the research arema for many
years; VT, 1B Toulme use m o geolechmical

practice for slope slahility anahsi stll remams
limited The reason for this lack of accepince 15
merl entirely char; however, advocatkes af FE tech-
migues i academe musl ke some responsibality.

Mansorpd received 2 May 'mc.
acogpied B December 1998 [hsc
ﬂDH'b- 3 Septemibber 1999 for fanted
* Coborado School of Mises, Gokde
+ UMET, Mascheser
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Pracimg engincers are afien sceptical ol the need
tar such complexity, especially m view of the paar
quality af =il praperty dat ofien avaibble from
routine sike mvestigations. Although this scepticism
is allen warmani eT¢ are cortin iypes o
geatechnical problem for which the FE approach
offers real benelits. The challenge for an esperi-
emoed engineer & w0 know which kind of problem
would benzlit from a FE weatment and which
wauld nat.

In general, hinear problems such
fiom ol sefilements and deformat o
ue o stead
1 ol < 1c|
bl o zalut)




PROBABILISTIC NUMERICAL METHOD

The Random Finite Element Method (RFEM) in
Slope Stability Analysis

D.V. Griffiths” and Gordon A. Fenton'

* Division of Engineering, Colorado School of Mines, U.S.A.
I Department of Engineering Mathematics, Dalhousie University, Canada

Abstract The paper investigates the probability of failure of a cohesive slope
using both simple and more advanced probabilistic analysis tools. The influence
of local averaging on the probability of failure of a test problem is thoroughly
investigated. In the simple approach, classical slope stability analysis techniques
are used, and the shear strength is treated as a single random variable. The
advanced method, called the random finite element method (RFEM), uses elasto-
plasticity combined with random field theory. The RFEM method is shown to
offer many advantages over traditional probabilistic slope stability techniques,
because it enables slope failure to develop naturally by “seeking out” the most
critical mechanism. Of particular importance in this work, is the conclusion that
simplified probabilistic analysis, in which spatial variability is ignored by assuming
perfect correlation, can lead to unconservative estimates of the probability of
failure. This contradicts the findings of other investigators using classical slope lNIVERSITY
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NEURAL NETWORK
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FINITE ELEMENT FOR SLOPE STABILITY

(5] | WebFEM X | +

En] C QO O http://localhost:3000 e Y @signin O O *

WebFEM: Finite element method for slope stability Runtime OK (Python 3.12.12)

Parameters Visualization View Deformed Mesh (failure contour) v

CONFIG UPLOAD
Upload ".dat’ or ".txt' config

Browse... | ex8.dat

Load Config Into Form Load + Run FEM

Loaded ex8.dat (1 material group).

GEOMETRY Run FEM to visualize results.

wi s1
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MESH

nx1 nx2 SRF Max Disp Iterations Converged Fmax
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Submitting FEM job...
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FINITE ELEMENT FOR SLOPE STABILITY

(5] | WebFEM X+ v
@ @ O D http://localhost:3000 w L Q@sinin & O & =
WebFEM: Finite element method for slope stability Runtime OK (Python 3.12.12)

Parameters Visualization View Deformed Mesh (failure contour) v

CONFIG UPLOAD

Upload ".dat or ".txt' config

ex8.dat
Load Config Into Form Load + Run FEM

Loaded ex8.dat (1 material group).

GEOMETRY
wi sl
20 < 20 <
w2 h1
20 o 10 <
h2
5 S
MESH disp_mag
[ T e ——
1 2
™ ™ min: 1.943e-5 | max: 2.603e-2
20 < 10 <
nyl y2 Trials executed: 6 | Status: Failure detected | Critical SRF: 1.6000
10 < 5 C

SRF Max Disp Iterations Converged Fmax
np_types 1.00 1.711e-2 10 true 4.377e-2 N I V E R S ITY }
1 1.20 1.890e-2 17 true 5.946e-2 F TW E N T E
ITC
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INVERSION WITH NN: STUDY AREA
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INVERSION WITH NN: STUDY AREA
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INVERSION WITH NN: STUDY AREA

Image and Data Source: Dahal et al. (20223)
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INVERSION WITH NN: STUDY AREA
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INVERSION WITH NN: RESULTING SAMPLE MESH /{3 7
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INVERSION WITH NN: DEPTH ESTIMATION
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INVERSION WITH NN: VOLUME ESTIMATION

Estimated Volume (m?3) [Area x Avg. Depth]

Volume Estimation vs Ground Truth
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INVERSION WITH NN: PARAMETERS
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FUTURE DIRECTIONS

3D Mesh Structures
* Real Topography
 Prediction at each nodes

* InSAR uncertainity ~ Model uncertainity
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