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Background

* Debris flow is a phenomena that high density
water with mud and big gravel flows down along a
stream at high speed.

Because of its high density and speed, it has huge
destruction power. Sometimes it flows over even
high ridge of mountains.

Thus damages by debris flows are very severe and
sometimes tragic. It destroys houses, bridges and
infrastructure and claim people's lives.
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Debris Flow Hit Houses
29 Jun 1999 in Hiroshima, Japan

Hob-01 Kameyama -on 1 July, 1989 by Asia Alr Survey Co.. Lid
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Debris Flow Hit Housing Compound
29 Jun 1999 in Hiroshima, Japan

Courtesy: Asia Air Survey
Company HP

http://www.ajiko.co.jp/topics/
ct/hiroshima/hiroshima2.html
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Debris Flow Hit Housing Compound
20 July 2003 in Minamata, Kyushu, Japan
4 Persons were killed

Courtesy: Mr.
Ushiyama’s HP

www. disaster-i.net

http://kodama.civil.tohoku.ac.j
p/photo/030722/index901.html
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Background-2

Numerical simulation is important for planning
efficient counter measures.
In Japan, intensive simulation technique researches
have carried out since 1980s.
Model development is based on

— Expansion of shallow water simulation

— Intensive experiment to model the movement

— Internal structure; resistance law

— Leap Frog Simulation

Especially 2D simulation is powerful to evaluate
various scenarios and damages in deposition area.
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Background-3

* 1D and 2D simulation software were developed on
FORTRAN with a support and collaboration from
JFEC (Japan Forest Engineering Consultants
Foundation ) and Tsukuba University.

1D simulation for starting point to the top of the
alluvial fan.

e 2D simulation to simulate the movement of debris
flow on the alluvial fan.
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Equations for 1D

» Equations for 1D
Continuity Equation

h :flow depth

u :cross section averaged speed

M :Flux (= hu)

¢ :Sediment Density of the flow

E :Erosion Speed

¢. :Sediment Density at riverbed deposit
Motion Equation p,, :averaged unit weight of the flow
oM  ouM 7, :Shear Resistance at the riverbed level

+ =

E o & H : elevation of the flow
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Shear Resistance

» Shear Resistance

Continuity Equation

_ _ —2
T,=T,+7,=7,+0f,u

, - Shear Resistance at the riverbed level
:Coulomb friction force
: Dynamic friction force

. : Resistance Coefficient

11 Decr 2003, Chula Debris Flow Simulation, Kiyoshi Honda




Erosion Speed

Erosion Speed Equation : Egashira

£ =tan(d-6,)

u|

6, : Equilibrium slope for c

a2 -1
tan @, = _p— tan ¢,
@ -1)+1
P
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Expansion to 2D

Continuity Equation
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Motion Equation
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Work Flow of Simulation

Rainfall under certain return period
Estimation of inflow

Development of longitudinal cross section of the stream
and DEM

Decision of parameters

Estimation of sediment distribution

1 DIM simulation down to the top of the alluvial fan
— Assumption; sediment in the stream is saturated

2 DIM simulation from the top of alluvial fan

— Inflow both in total volume and sediment concentration

"Visualization
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Study Area

» Applied in Sakurajima and Youtei-san
— Sakurajima ( Saido and Hase river )

— Youtei-san ( Aoki no sawa, Taki no sawa )
— 1/5,000 DEM ( 5m Grid )

* 1Dim ( 4 hours )
— Rainfall 90mm/hour ( return period: 100 years )

e 2Dim ( 6 hours )
— Source Code Example

— Inflow ( Saido River )
- # Total @ 462,078 m3
- # Total S 107,283 m3
 # Average_C 0.23
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1dim simulation input data
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1dim simulation input data
Saido River Profile

Fig—1.5.1 Saido river Longitudinal Cross Section and Bed Rock ( minimu
elevation ) (m)

Elevation (m)

Distance (m)
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1dim simulation output data

Saido River Depth

Fig-1.6.1 Saido River Depth (m)
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1dim simulation output data
Elevation Change ( Saido River)

Fig-1.6.3 Saido River Elevation Change (m:+Depsition, —Erosion)
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2-Dim Simulation Output Data and their

Visualization Step

* (rid data at each time step
» Height, Slope ( X,Y, Total )
* Flux( X, Y & total )

* Velocity(X,Y,Total ), Sediment
concentration ( grid and transported )

Elevation and its change
And etc.

* Visualization
+ Tiff files
* QT Movies
* VRML for 3D
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2-Dim Simulation Result

Saido River

These animation can be seen at

( Animation Viewer (QT and VRML Viewer)
can be downloaded free of charge )
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2-Dim Simulation Output

Max. Flux Max. Depth Elevation Change  Arrival Time




Advantage & Limitation

Physical model to reconstruct the phenomena
Scenario simulation

Visualization

Education

Rainfall Scenario
Sediment volume scenario
Accuracy

Calculation Time
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Further Study

Application in Thailand
Petchabun disaster in Thailand

DEM
+ SRTM-3 Data was released

Rainfall Data
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Further Study

Simulation for more complicated
scenario and situation

* Debris flow with trees, being washed Switch to DivX
away, flowing with debris flow, dam up at
bridges and makes the flow over flow.

* Hit houses and destory

Interpolated Differential Operator
(IDO)

Discrete Element Method
Collaboration with TITECH
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Thank you

honda@ait.ac.th
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