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Under the guidance of
common sense and

casual observation ||
discovered weaknesses In
traditional procedures and
attempted to minimize
them.

Sometimes | failed, but
often | succeeded.




The air conditioner drain hole Is
clogged... What should | do?

m. Solve it layer by
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Outline: 2d Part in 2 Section

Four Five

CoupledEularian Validations &
LagrandianCE Results

ALTERNATIVE METHOD VALIDATINAGAINST
FOR SIMULATING THE RUNOUT EXPERIMENTRESULTS
WHY& SET UP
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Beyond simulations

Al

Must-know
Elements

LIMITATIONS &PPLICATIONS
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Background Stories

ASep 2015: Started my career at the NCKU

AFeb 2016:8
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Aso-Bridge coseismidandslide
(4.14.2016)

,‘;.'

EHREERBEREERRN - mAK

One

ERTHRR AR

Introduction & _ _ SaLi |
Motivation Yanchaorainfall induced landslide

(9.28.2016)
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UNDERSTANIANDSLIDES
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. b
Introduction & Motivation

A Landslides have caused major damages worldvilddy become
due to climate change.

A Studies on landslides atgpically forensic in nature,
(typically by FEAandDEA).

A We see a gapetween failure mechanisandkinematic runout
processi.e. connectingmall deformation to large distance sliding
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AFinite element analysis (FEA)s an effective

approach for studying the onset of incipient | &7,
failure of earthquakenduced landslides,
Including the sliding surface, initiation time,
velocity.
ADifficulties in modeling the postfailure runout T

behavior of landslides;large displacements in
the postfailure regime mayjstort the element
and introduce numerical inaccuracies




AMeshless approaches such as discrete Contact sfiffness Crack by shear
element analysis (DEAnay better capture 4
the

ADEA treats geomaterials ds Crack by rotation
, making It suitable for simulating

the rolling, translation, and potentially
disintegrative behavior of sliding mass Contact bond
following failure Contact Bond Model

Crack by tention






AWhile is widely recognized as a My faulté 2
robust numerical tool for modeling

landslide runout, its incipient failure
geometry typically

Furthermore, at initiation the
velocity of the failing mass assumed to

be 0 m/s




Aln the past decade, the coseismic
landsliding has been examined through

=)

numerical simulations thatten ignore
vertical seismic acceleration (VSA)
for simplicity , although it may have
significant impacts on landslide
deformation.




Rational seismic
analyses should
consider both
HSA and VSA

—

0O

Ling et al. (2014)

VSA plays a key role
when ratio of vertica
to the horizontal
accelerations is higt

—

Yin (2014)

VSA has a significan
Influence on the
Initiation mechanisn

Zhang et al. (2015

t



Notice that: theeonnection between failure and runcah be
very damaging to and

Predicting the affected zones
Implementing countermeasures

§




Progressive behavior of landslides include:

Discrete element method (DEM)

Failure Mechanism: Kinematic Runout:
1. Small deformation i : 3. Large distance sliding
2. Prefailure condition : 4. Sliding process

Thereby, we proposthe FEMDEM procedure
connecting the gap
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(@) Survey routes A Attitude measuring points pA /

Two

Field investigation of Yanchao
rainfall -induced landslide Novelty of

(2016) FEM-DEM

Experimental studies for
coseismidbehavior @ncku
WHAT IS THE THEME OF THE

FEMDEMFRAMEWORXK

§
A\
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Concept of the FEAEM framework

Landslide hazard '
(1) Deformation — (2) failure — (3) sliding — (4) deposition Combmed FEM and DEM mOdeIS

e

AFEM madet Failure surface

Initial failure time

hcteristics
ce)

of the landslide

SlientFeature

Geohazards containing p{&é
post failure behaviors,
iInvolving




Prerequisite (Emphasize)

A Insights from field investigation, monitoring, and physici =« % <
testing are important to ensure a realistic application an /w:‘? 8
Interpretation. el

A Be very familiar with the numerical themes, the material
models, calibrations of macrand
boundary conditions, etc.

Axial stress (kPa)

E=75 GPa
UCS=300 kPa
v=0.27

¢=80 kPa
$=35°

Axial strain



Prerequisite (procedurals)

A Sampling frequency of the earthquake signals should match
the calculation steps in the explicit formulation in the
algorithm.

A To minimize the calculation time (computation power), a
proper simplification on the input of the seismic signals
should be considered.




Elevation (m)

130
120 1A N
110 A
Source area
100 A
90 A Retaining wall
80 1 o o/
70 1 ; By Al
5=
60 x
Road Building
50 T T T T

20 40 60 80 100 120 140 160

Distance (m)

[] Weathered layer --- Before
[J Kuting keng formation =~ —— After

Digital elevation model of the
Yanchaolandslide (2016)

Three

Practical
Application

PROGRESSIMBDELING ORNO
LANDSLIDES

‘® o _
ns-’

ﬁ »°%

-Acceleration
\ Decelgratlon

w=0s ||  Block the industrial road t=6s

(d)
Push the building |~

t= 168 Toward equilibrium

Mechanism of the rainfall-
induced Yanchaolandslide (2016)



TheAsoBridge landslide, located west of the
caldera of the nearby.so\olcang was
triggered by the 2016 Kumamoto earthquake.

This is a recent weknown largescale
earthguakeinduced.

Most of the required information are available.

== ® u : e

AsoBridgecoseismidandslide (2016)
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One of the biggest landslides triggered
by the earthgquake.

The estimated area of thAseBridge
landslide is about 180,0004(i18 ha).

Classified as arge-scale landslide
— ST a0t S because the affected area exceeded
% epicenter ' } - j - .‘ “> , "/ »_ S 10 ha.

8 seismic station
[ landslide
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Facts: Foreshock & Mashock

Seismic Motions in4$ and BN directions

600
‘ —earthquake acceleration ‘
400
SRS iy _
SuEast 208South El
2
=Z -200
; J 400
Location ofg(ée
collapsed/Aso Bridge 600 ‘ ‘ ' ' :
P - \ -600 -400 -200 0 200 400 600
P B - E-W acceleration(gal)
foreshock earthquake | main-shock | after-shocks

magnitude of 6.2 magnitude of 7.3
2016/4/14 2016/4/15

12:26 (UTC) 16:25 (UTC)
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FEM: Sensitivity Analysé

The FEM was able to estimate a satisfactory

failure surface.

Inverse relationship b/w the internal
frictions and failure surface&{/roclasticin
AsQ.

Failureoccurred immediately at the ridge
when the main shock hit (revealed by a
dynamic analysis).

i

(a)

14
Observed

SN\ c=40kPa

2\ |c=60kPa
=3~/ c=80kPa
=2 c=100kPa

@ =25"
slope angle=33"

slope angle=33"
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1. Small DeformationKE=V)

o1
o
3
Infinite element T-o
Infinite element 1 o=
o seismic loading applied
= Infinite element 2
[V} [V}
T | |
' 640 ' 1278 ' 640
unit: m

o b

Reveal (not limited to):
A Failure mechanism

A Initiation sliding velocity (17 cm/s)

Results of Deformation vs. Time
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was validated

400 I T T 40
300 : 2016/04/16 136
= 200 32
2 100 28
_5 0 24
"@ -100 20
@ -200 : 16
S 300 |- t=18.5 sec | —earthquake acceleration | _| 12
g 400 (@, =80gal) t=20.3sec ,displacement=5cm o B 80 gal o
= yieli . . e —
500 F \ | t=21.0sec ,dlspfacemerl!:fﬂcm N ewmark disp|acement 14
'GDD | | | | | | | | U’
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Time (sec)

Suggesting that the landslide might have been initiated when
displacement reached 510 cm

Displacement({cm)



Additionally: a GUI App was also created to help estimating the
Initiation time of landslidescpseismi¢

Output After input required data

Output After select the earthquake data

Input data Limitation

time(s)

e P i % 28 29 O A B0 3L M o B e W 3 9 it M 2 9 B e
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FlnstrumentEind: A9004(T362002.263 )
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Output Data in Excel

#otartTime: 1999/09/20-17:47:02.000
WRecordLength{sec):  90.00
W#SampleRate(Hz): 200
Fhnplitudelnit: gal. DCoffzet{corr)
#hmplitudeMaZ. U: 715.870~ -426.886
FhmplitudeMAX. N: 841.541~ 463,192
WhnplitudeMaX. E: 792,386~ -627.789
FhataSequence: Time U(+); N{+3; E{+)
Whata: AF10.3
0.000 -0.050 -0.109 -0
V05 0.0 | 0L
0.010 0.070 -0.109 -0.
nniy n nin n ntt _n

.215
028
036
N=3A




Also, Initiation timewas validatedby apparent direction

Clear directional tendency matching the
sliding direction at the similar time

R e
600 [ eaninquake acceleration = ' S iy
ol "
lacking directions | g .l
2_10_
hl P
%0 a0 200 0 20 40 600 20
EW acoteration(@a) * EW disiilaariantE)
Seismic Accelerations Double Integration of the
(Kumamoto Earthquake) Seismic Accelerations
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300

0 200 400 600 800 1000 1200

-

Reveal (not limited to):
A Process during the sliding

A Sliding ends within 38 s
A Affected area and impact forces

Results of Kinematic Proces;s

Deceleration

\ and Accumulation
L i W

Velocity (m/s)
3 3 8 8 3




Addressing Vertical Seismic Acceleration (V¢

The initiation times for the two seismic input conditions

i however, a more accurate initiation
time for the landslide could be observed if VSA was
considered.

The result suggested that béil
to ascertain the initiation time ebseismic
landslides.




2hd CaseFacts: thevanchadRainfallinduced Landslid

Yanchaaainfall-induced landslide (2016)

TheYanchadandslide occurred as a resuItA o{ a
GU2ZNNBYUALFIT € NIAYy SOSyi
Megi.

Very few landslides had been observed in the area.
A newfound challenge in the mudstone area.

Understanding the interplay of rainfalh a
mudstonelandslidingwould help reveal the
prefailure mechanism.

SmartGeoEngineeringab @NCK



Taiwan
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Survey routes A Attitude measuring points
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1. Small DeformationKE=V)

Top section

Results of Deformation vs. Time

45.84 m

e
Seepage
bound

~ Seepage
boundary

Displacement (cm)

Reveal: :

A Failure mechanism 0 5 10 15 20 25 30 35
A Failure timing @28hr, by RCSD et A he

A Initiation seepage force is 0.5 N : :__—_&—_ Lnglg,,'
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A frictional rheologycan be validatechy the displaced
building

Displacement

Sliding mass 13 m

v

\ Original 6.5m
f e Y s .\ -,: =° P o
™ o -
J oy s 7 . -
’ ) 3 \’. e ks 4 - '

2R S S SRS S
3lwf« o4¢¢0¢»¢¢0

4 o \-'-,‘.. .\”-_: Y N . l 2
S R R RO S R A
. . - ° ool .
i WYl Y o¢¢¢ SRR
- - e L 5 .': - in

Sliding friction coefficient = 0.1 0.075
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Elevation (m)

Elevation (m)

Elevation (m)
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(a)

Acceleration

Blockage phase
Deceleration
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Distance (m)

(©

Interaction phase

t=32s

0 20 40 60 80 100 120 140 160

Distance (m)

(e)

Elevation (m)

Elevation (m)

Elevation (m)

Results of Kinematic Proces
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Distance (m)
(d)
130
120 4 Final phase
110 -
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80 |
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50
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®

Phases:
a) Initiation; b) Acceleration; c) Blockage;

Collision; e) Interaction; f) Final.




_
Recap of the First Pa

1. Addressed: importance in connecting failure mechanism to runout proce
(small deformation to large distance slidng

2. Highlighted: FEMDEM framework, and emphasized its prerequisite.

3. Sliding behaviors are dominated by the terrain.

SmartGeoEngineeringab @NCK



Four

Coupled Eularian-
Lagrandian (CH)

ALTERNATIVE METHOD
FORIMULATING THERUNOUT
WHY?

x




Motivation to using the CEL metho

A Eliminating the calibration process of the
A Testing anckxpanding an alternative approacgplacing the DEM.

A Experimental results are readily available (sandbox and column
collapse).



LagragianStep Euler Step

C.=

Mr. Lagrange running|
along with a car

The most common mesh approach
used in FEM is the Lagrangian
approach (may suffer mesh distortion
for large displacements)

In such cases Eulerian meshing
approach is more suitable.

8 Material Point ® Muterial Pt
o Grid Node e SN
Figun 1(a). uwpmm FIgUN 1(b). Eulerian Mesh
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Design of the numerical theme
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Design of the CEL model for simulating the
experiments of and
the

the constitutive models used to simulate the
granular material in the CEL analysis were the
Bingham plastic model, EOS (equation of state),
and MohrCoulomb model.

parameters of the EOS, Bingham plastic, and
Mohr-Coulomb models- requiring validations
and reference.



Hve

Validations &
Results

VALIDATING AGAINST
EXPERIMENTAL RESULTS
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Animate 6=45°

Y

X

Obtained from CEL simulation Without flume



Velocity
(m/s)

(a) Velocity / N\ \ (b)
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1. Validation of the flowing behavior (Bingham Plastic

7

Ideal Solid

du/dy

Ideal Fluid



Granular flow flume (sandbox

Kinematic process of the granular flow impacting a

rigid wall with an inclined angle of 45

Material Propert ; _
BOO | Experiment ( Moriguchi et alr.), 2%)/09) Density (kg/m’) = 1379
o0 | 120 Mie-Gruneisen Equation of State
50 Symbol Co (M/s) S 0
500 - % T Definition Sound speed | Slope of Us-Up relationship Material
A —— 3000 constant
§o = 5000 Value 100 0 0
5 50 ¢ Her schel-Bulkley fluid model
F Symbol n* k d (Pals) U(Pa)
S 400 I . Consisten Viscosit Yield shear
E BEITIET Flow index coeffici encty coeffici e?],t stress
E Granular Column Collapse 1 4 100 400
Granular Impact Test 1 4 100 3000

g

8

o

2. Validation of the Impact force (EOS equatidviie-

Gruneisel)

08 1 1.2
Time (seconds)
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Granular column collaps:

A The profile evolution of the
granular column collapse at time
interval of 0.1 seconds.

(a) Numerical results for a column
with a = 0.6;

(b) Numerical results for a column
with a = 6;

(c) Numerical results for a column
with a = 10;

(d) Normalized profiles for the final
deposit of granular materials
with different a.

Normalized height
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Comparison of the CEL simulation and literatu

data in the granular column collapse:

3.0 20
+® = 21.5° ~ 22.5° (Lajeunesse et al, 2005) (a) | +®=21.5"~225°(Lajeunesse etal, 2005) . (b)
" @ =22.5°~26.5° (Balmforth & Kerswell, 2009) B = 225°~26.5° (Balmforth & Kerswell, 2009)
X® =31°(Lube et al., 2005) = 18 xg@- 31°(Lubeetal, 2005)
5@ =32°~41° (Balmforth & Kerswell, 2009) L =@ =32°~41° (Balmforth & Kerswell, 2009)
25 . © = 25°(Crosta etal., 2009) ® ® = 25°(Crosta etal, 2009)
® @ =30°(Crosta etal., 2009) . o 16 1 » ® = 30°(Crosta et al, 2009)
® @ = 40°(Crosta et al.,, 2009) X X L ®®=40°(Crosta etal, 2009) n
4 CEL simulations 4 CEL simulations
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Al

Must-know
Elements

LIMITATIONS &PPLICATIONS

SmartGeoEngineeringab @NCK



The Three Mugknow Elements dbenAd

1. Generative Adversarial
Networks (GANs), 2014

a. With 2 parts: Generator and
Discriminator. A competitive process.

b. Generator: tries to create realistic d:
samples (make fake data).

c. Discriminator: evaluates the sample
for authenticity (a generator and a
discriminator).

2. Variational
Autoencoders (VAES)

a. Compress and reconstruct data
(machine learning)

b. Encoder: compress input data.

c. Decoder: reconstruct the original da|ta.

3. Transformer-based
models, 2017

a. Selfattention mechanisms (deep
learning- no need to label¥

b. Capture longange dependencies |
the input data.

c. Handles sequences of variable
lengths & complex relationships b/w
tokens in the input.

n




-
Concluding Remarks: simulations

1. Demonstrated: proposed appro@am describé
2. Understanding landslides through physics.

3. State of the art®ols, including Al & CEL approachese used to
simulating thesliding behaviors.

SmartGeoEngineeringab @NCK



Find purpose, the means will follow.
-- Gandhl

SmartGeoEngineeringab @NCK
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