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Landslide Risk
Assessment

Debris Flow
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Deterministic (Physical) Method

c,mun“s“ﬁai// Factor of Safety
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Deterministic (Physical) Method
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A tion & Numerical
§ lnearization method
1D analytical solution 3D numerical solution
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(Iverson, 2000; Baum et al., 2008)
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Numerical solver of 3D subsurface flow

Assumtion

o The effect of horizontal flow
is not significant as
compared with vertical flow

|

Usual discretization (full implicit, backward Euler)
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Our approach (partially implicit)
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Horizontal flux is computed by pre—determined interval

much less CPU time
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GUI development
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rainfall intensity (mm/hr)

2011 Umyeon Mt. landslide

Namhyeon Station
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rainfall intensity (mm/hr

cumulative rainfall (mm)

cumulative rainfall (mm)

© 140 occurrence (blue points)

Y
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§ 140 Landslide initiations (Blue & Orange points), {

-
©31 sub-catchment ( )
Table 1. Parameter setting
K, 7, @ c, c, e, a
(m/s) (kg/m?) (%) (kg/'m?) (kg/m’) (m’/m?) (m*/m?)
1.3E-05 2195 29.63 1838 0 0.5 0.18
m S = LH <5l

CHUNGNAM NATIONAL UNIVERSITY



YA

Volumetric Water Content (%)

Parameters

Table 1. Parameter setting

K: -7: @ c; c, 9: Er
(m/s) (kg/m®) (%) (kg/m?) (kg/'m?) (m?*/m’) (m*/m®)
1.3E-05 2195 29.63 1838 0 0.5 0.18
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TiVaSS (Time-Variant Slope Stability model)
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l Rainfall tram/hrl

Visualization of Results

: www.Bandicam.co.kr
File Output Help
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imulation Results
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Accuracy assessment (3D subsurface flow)

@ The accuracy index (LLR.,..) is proposed by Park et al. (2013)

class

@ It can be used when the landslide area is unknown.

Slope failure | 9%b of location | % of predicted % of LR |4

FS classes
location (a) (c)=a/b area (d) =e/f

95 67.86 19.25 3.52 72.54

1<FS<125 18 12.86 20.81 0.61 12.72 ’
125<FS<15 12 8.57 18.79 0.46 9.39
15<FS 15 10.71 41.15 0.26 5.36
140 (b) 100 100 4.86 () 100

B . gms 25 ) St
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Accuracy assessment (1D subsurface flow)

© The accuracy index (LR, is proposed by Park et al. (2013)

@ It can be used when the landslide area is unknown.

Slope failure | 9%b of location | % of predicted % of LR |4

FS classes
location (a) (c)=a/b area (d) =e/f

03 66.43 19.26 3.45 70.81

1<F$<125 20 14.29 20.88 0.68 14.05

125<FS<15 13 9.29 18.81 0.49 10.14
15<FS 14 10.0 40.06 0.24 5.00
140 (b) 100 100 4.87 (f) 100

B . gms 25 ) St
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Ti1VaSS vs TRIGRS

1 X1mDEM Distributed soil depth
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TiVaSS vs TRIGRS

Results, FS

TiVaSS vs TRIGRS
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Accuracy assessment
T1VaSS vs TRIGRS

9 am July 27

Observed % Observed % of predicted

LRclass % LRclass

ES Classes sliding sites sliding sites area

TRIGRS TiVaSS TRIGRS TiVaSS TRIGRS TiVaSS TRIGRS  TiVaSS TRIGRS  TiVaSS

FS <1 15 16 60.0 64.0 19.3 20.1 3.11 3.19 64.18 65.75
‘.- e eneesensnssnsnsnnnnnnt

’/. -— ,\-,
1-1.25 2 4 8.0 16.0 12.8 15.0 0.63 1.07 12.94 22.01 ‘,f -
>

1.25-1.50 3 1 12.0 4.0 16.7 14.3 0.72 0.28 14.81 5.73

5 4 20.0 16.0 51.2 50.6 0.39 0.31 8.07 6.51

25 25 100.0 100.0 100.0 100.0 4.85 4.85 100.0 100

mg & = 1 >=; 1l

. ™
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Accuracy assessment
T1VaSS vs TRIGRS

6 am July 27

Observed % Observed % of predicted

LRclass % LRclass

ES Classes sliding sites sliding sites area

TRIGRS TiVaSS TRIGRS TiVaSS TRIGRS TiVaSS TRIGRS  TiVaSS TRIGRS  TiVaSS

FS <1 4 0 16.0 0.0 3.1 0.1 5.16 0.00 56.27 0.0
‘.- e eneesensnssnsnsnnnnnnt

’/. -— ,\-,
1-1.25 10 1 40.0 24.0 14.4 3.1 2.79 1.30 30.38 27.60 ‘,f -
>

1.25-1.50 4 11 16.0 32.0 20.7 15.9 0.77 2.77 8.42 58.75

7 13 28.0 44.0 61.8 80.9 0.45 0.64 4.93 13.65

25 25 100.0 100.0 100.0 100.0 9.17 471 100.0 100.0

mg & = 1 >=; 1l
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Summary

TiVaSS (Time-Variant Slope Stability model) was
developed based on the combination of the infinite
slope stability model and the 3D subsurface flow model

TiVaSS was applied to 2011 Umyeon Mt. landslide
event and the performance was satisfactory in overall.

TiVaSS works on Windows OS, and supports GUI tool
and basic 2D data visualization tool. /

Updating and further application is ongoing...

https://sites.google.com/site/cnuaehelab/software/tivass

1
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Future Plan

Earthquake

Data assimilation
for forecasting

Py + Observation
o |
)

Distributed rainfall

Py
\l/:pdatin;vimqmﬁnldaumlmihﬁon
P

A Modelensemblas Timeaxis

¢m¢ S =i ot

CHUNGNAM NATIONAL UNIVERSITY



Development of Debris flow model
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Governing Equation

8q of ag
o ox oy
h hu hv E
q=|hu |, f=|hu*+gh®/2]|, g= huv , s=| —hgz, - S,
hv huv hv® +gh®/2 ~hgz, -S|,

h: water depth, u,v:velocity,
== _ - . E:mass source of erisional and deposition effect,
S S . friction effect of debris flow mixture,

fx !
T e - N >~ v
AN —~— ‘1 \

gla]’ gaf
S, =n,| xgh+ 'S ugh+—

|U|2=‘u2+v2‘

Voellmy friction model

%JGHEHZS*E[
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MUSCL scheme

@
L
uj+1/2\(/ Qij¢ =0i; t1; 'Vqu
L / uly
WEANES J
uR
e vq :W(qj+1_qj qj_qj—l)
X )
Xig =X X; =X /
w(a,b) : limiter function.
| T T X
-1 J j+1 j*+2

Piecewise linear extrapolation

{‘&ﬁ“* S st
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\

HLLC Reimann solver

St
(f,  if 0<SL
f.. if S.<0<Sy

f
b f1+ 1.""2‘.}‘ — <

(urL,vr,hy) (Ug.Ve. hR) f:xR if SMQOE:ESR
\fR if 0=5g
>
. Sphg(ur — Sr) — Srhr(ur — Sp)
—2\/gh fh=0 Sy = .

SL:{”R V ghe it e M= " heur — Sr) — A — St)

min(uy — \/ghr,u. —\/gh.) 1if h >0 ,

1[1 1
h., == 5{ ghL+V9hR)+Z(“L_”R}

. {ML—|—21/ghL if hg =0 g
R:

max(ug + /ghg,u, ++/gh.) 1if hg >0 U, = %(HL +ug )+ \/ gh — \/ ghr
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Temporal discretisation

oq of oq
ot OX A ot | | !

Prediction step
n+ At L
A'J’qilim =A% _?(Fi,i +S; ),

Correction step

'A‘,jqinj1 = A,jqin,j _A'[(F‘i,?ﬂ/2 + Si,j)'
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Quadtree grid

y
Adaptive mesh Quadtree grid structure

im &S5 = CH ot
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Adaptive Mesh Generation

o S

points data triangular mesh
—
-
- quadtree
adaptive mesh
generation
grid data

> o ¢m¢ S =i ot
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Adaptive Mesh Generation

e 1083 tsunami

* 7.5m
maximum wave
height

« 5 dead persons

y * More than 400
- ees
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Study Area

S =i st

- CHUNGNAM NATIONAL UNIVERSITY

oUljin-goon, Meahwa-myeon



Crack

J

qe:
=
<
>
o
-
o
op)




Initial condition
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Deb2D (Debris flow model, 2D)
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Visualization of Results

www.Bandicam.co.kr
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Case study: 2011 Umyeon Mt. debris flow

* 150 occurrence (blue points)

« 31watershed (v« 0w ) -&.} S H oSt
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Case study: 2011 Umyeon Mt. debris flow

Average slope : 19 degree
watershed area : 75600 m?
3 fatality

Reamian APT is damaged up
to 3" floor




Case study: 2011 Umyeon Mt. debris flow
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Simulation Result : comparison with FLO-2D

= Computation area
- Result (FLO-2D)

Observation

_ Developed model
erosion (X) Erosion (O)
Buildings (X) Buildings (O)

- Black box -> guessed velocity 27 m/s 1
Flow depth at APT-> 31 floor > 4Tl |
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Summary

Adaptive grid based Debris flow model, Deb2D, is
developed.

A simple GUI and visualization tools are supported in
Deb2D.

2011 Umyeon Mt. debris flow seems to be
successfully simulated by the developed model
although further verification is required

Model verification is ongoing.

https://sites.google.com/site/cnuaehelab/software/depad
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Balance 1ssue

oq of
— 4+ —=3§,
ot OX

h hu 0
q: ' f: 2 2 y S =
hu hu®+gh°/2 —hgz

A hydrostatic solution is given as

)

u=0, h + z = constant !
0 0 Tz
2 Z
&(gh /2)+hg&_0 Ly

e
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Well-balanced scheme

o ) oz
| | - =
Fi—:uz FiJIrlIZ OX (gh / 2) +hg OX 0
ﬂl |~ 1l I
: : (Fi+1/2_|:i—1/2)+hg(zx)i =0
i1 . const const  Continuous
i non-const const Discretized

(hgz,); i+1

“hydrostatic reconstruction” technique
(Audusse et al., 2004)

Well-balanced scheme for shallow water equation
(i.e., Rogers et al., 2003; Audusse et al., 2004; Begnudelli & Sanders, 2006; Benkhaldoun et al., 2007;
Caleffi et al., 2007; Gallardo et al. 2007; Liange & Borthwick, 2009; Liang & Marche, 2009; etc)
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Friction (tflow resistance) models

Flow resistance relation Flow resistance term S f
" _ 'r{:l
Full Bingham S¢= p o
T can be detem]med by: 21: (n +””—}f'§) 73 —I—rﬁ =0
Simplified Bingham S p=-0 with 75°1.57,+3 551 ”Bq
T . q \/_
Voellmy Sr=11020 —+cosa tan
Turbulent & Coulomb Sf= M +cosa tand
h2h, '
— ) 2 ) .
— - Turbulent & Yield Sf= nq 4“' +-2
- - 3 peh
- h2h,'

Turbulent. Coulomb & yield §p== Yav/a® + |
. ; L P /6/
: s

with r,_mm(n . pghcosatand)

e f c; q- Kng Ty
Quadratic S¢= J2h45 e g T Peh

Coulomb viscous Full Bingham mth Ty=pgh cosa tand

b i @}%Hmﬁ*m
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