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Executive Summary

1. Introduction

Landslide is one of a serious natural disaster in Thai’s northern region
especially in Chiang Rai province. Based on mostly hilly terrain, Chiang Rai is
located in the storm route and close to the main fault line. In addition, Chiang Rai also
has highest average rainfall. These factors make Chiang Rai most vulnerable to a
landslide disaster mainly on hilly terrain. Prediction and warning systems are
extremely needed to decrease the damage. Though the risk of landslides can be
approximated by debris flows [1] and GIS classification [2], disaster simulation of
landslide are also critically required for defining the catastrophic of landslides.

To define the risk area, it uses many risk factors for analyzing in algebraic
equation. The landslide risk factor [3] divide landslide causes into external causes
which result in an increase of the shearing stress and internal causes which result in a
decrease of the shearing resistance. Consequently, International Institute for Geo-
Information Science and Earth Observation [4] made a hazard map based on
quantitatively defined weight-values. Many different methods exist for the calculation
of weight-values. The method used in research is called the landslide index method.
Carrara and others [5] recommended that geographical data processing is still a
pioneering discipline that needs major changes and advancements. Possible future
research applications include object based models, 3D or even 4D data structures,
integration of GIS with artificial intelligence, hypermedia and animation techniques.

Therefore, this paper presents a three-dimensional landslide simulation by
applying a variety of methodologies. The affected areas are defined by using the
landslide simulation which is analyzed by programming through factor values
scripting.

2. Basic Concept

To analyze the risk factors, the involve information of landslide is required.
The landslide factors were mapped with the geographic map by the Geography
Information System program to classify the risk area. Then, the landslide factors
were conducted to the VR Modeling for simulation. However, the variable in each
factors are needed measurement by equipments and transfer information to VR
Modeling. Anyway, the Wamning systems have to develop and implement in the area.

3. Research Scope

The study site is situated on the north of Thailand; Ban Pha Mee village in
Mae Sai district, Ban Santikiree village in Mae Fah Luang district and Ban Lao Fhu
village in Mae Chan district, Chiang Rai province. They are the highest landslide risk
area as defined by factor analysis with GIS technique. The selected site had frequently
suffered from landslide and is still in danger.

2



4. Conceptual Framework

To define the risk factors, this involved the information and data about the
landslide which is required for analysis. The landslide factors were mapped with the
geographic map by the GIS to classify the risk area. Then, the landslide factors were
conducted to the modeling for simulation which simulates site by contour value and
simulation is calculated by scripting on programming software.

W Factor Analysix Hor,, EROT D ‘ Tusodve Factor l
>
Risk Aveas

Define Risk Asea B o Reviesy

Plame | Risk Areas

! VR Modeling Mock up

| Afoudiding Test

Phise X Develop Strueinre to conned with GIS Datuabasesystem

Display in VR

:

Figure 1. A Research Concept

5. Research Methodology

The landslide simulation process can be separated into five steps of
implementation; factor analysis, image processing, Global Positioning System in
landslide site, contouring the site and simulation. First, starting to analyze the risk
factors and mapped these factors with the geographic map by the Geographic
Information System to classify the risk area by landslide index formula and image
processing technique. Next, the site modelling is simulated in a three-dimensional
model by a global positioning system with accuracy value in each position. After
that, the landslide risk factors were conducted to the site modelling for simulating the
landslide area compare the result with the real situation.

6. Results

The process of landslide simulation is showed step by step in the following
subsections.

5.1. Factor Analysis



From the field survey and data collection that involving with the research, we
could collect meteorology data, landslide data and GIS primary information to
finding the landslide factors. So, the physical characteristics, such as rainfall, rock
unit, slope, forest, buffer fault, windward, altitude and satellite information, used
to classifying the spatial characteristic.

5.2 Image Processing

After determined the landslide factor, we had to merge these factors with the
geographical map by the Geographic Information System to classify the risk area. To
classify the high risk level, we need to determine the weighting rate for each factor
within one to six. The weighting rates are dependent on an importance of each factor.

% s Rain

— e - — Rock
W . oz _ ‘::_“ g S[O]}C
s e e —fa “ml;;- 7 ; ~"‘"“‘ - s F()l'l.‘h‘t
g T ol T TR Buffer Fault
e "4l -4 W""’ Windward
K &‘ o 4 . / ; Altitude
. I‘* . wljnncislldeArea

Figure 2. Factors intersect.

To find landslide risk area and villages of the landslide risk areas, this research use
Landslide Index, which referred to those factors.

Landslide Index = {(RrRw) + (RUrRUw) + (SrSw) + (FrFw) + (BFrBFw) + (WrWw)} * (Hr)

Where: R = Rainfall, RU = Rock Unit, S = Slope, F=Forest, BF = Buffer Fault, W =
Windward, H =High, r = Rating and w = Weighting

5.3 Global Positioning System in landslide site

Measuring the positioning value by applies with the GPS in the site, and then
it was transferred to model a landslide shape in three—dimensions with the contour
value in CAD.



Figure 3. Site Positioning.

5.4 Contouring the site

uefaey nydoequeg

Figure 4. Site Contouring.

5.5 Simulating the landslide model
The contour data, which is position from GPS, has been taken to simulate the

landslide model in three-dimensional modeling.



Figure 5. Landslide site 3D-model.

5.6 Landslide Simulation

Simulating the landslide movement is requiring the landslide risk factors and
the interaction among factors which affected landslide characteristic.

5.6.1. Soil particle analysis

Rainfall is a main key factor induced a land movement which is debris flow
type. Soil cohesive strength between soil particles is decreased when water infiltrate
to the soil. Simulating the landslide in site study, it applies the particle flow to
analysis the process as a soil particle flow concept diagram (Figure 6.).

Soil particle is simulated through the programming by setting a soil particle
source name the birth particle in particle life span. The soil particle will interact with
the water particle from the rainfall while other factors were set initial step as high,
slope, windward, etc.

Particle simulation are programmed and defined during the process by
factoring value as soil particle shape, particle position, gravity, speed, rotation and
spin, etc (Figure 7.).



Partitle Lite Spran

o Dirpction
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Figure 7. Particle simulation programming.

5.6.2. Soil particle strength and characteristic
To consider the soil strength and characteristic on soil particle flow, it can
define as landslide force (Figure 8.).




Figure 8. Force in the land movement.

p=Fc/R (1)
1w =Fc/R=Wsin o/W cos o (2)
=tan o (3)
or Fc=Rtano=puR (4)

W = particle of soil weight, F = frictional force between sand particle and

plane surface, o = critical angle, p = the static coefficient of friction and Fc = critical
limit value of F

5.6.3. Landslide simulation modeling and particle forces
The landslide simulation result shows affected area and coverage in ground
level when applies the input factor values at 90% 0f water content (Figure 9.).

Figure 9. Landslide simulation result.



Soil strength value calculates in the soil particle surface follow the formula.

n Fc/A = (nR/A)tan o _
or S=Qtano 5

F; = shearing force, A = area of surface, R = normal reaction, Q = normal
stress in overburden pressure

Figure 10. Soil particle coverage area.

6. Conclusions

Three-dimension landslide modeling process simulating the characteristic
of soil particle movement and affected area is introduced. Risk factors are initially
applied in the programming to be calculated in simulation model to generate
parameters of soil particle which are fed to the 3D MAX script to simulate
interaction of particles that affect the size of disaster area. The result shows
satisfied accuracy on both the risk of landslide and its effects.
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Abstract

The landslide is one of serious natural disasters in many countries around the world
especially on highland area during the rainy season. Therefore, the early warning
system which can predict the occurrences of landslide on hazard areas is seriously
required for preventing damage to life and assets. Three-dimensional models are also
needed to simulate landslide areas for prediction of the overall effects. This research
describes a new three-dimensional landslide model by applying methodology of the
image processing, global positioning system, and risk factor interaction on
programming. A landslide model is built by contouring the surveyed sites. In addition,
the 3D MAX script is deployed based on existing risk factors to simulate the flow of
land particles during the occurrence of a landslide. Based on observation of the
landslide site, the proposed method shows acceptable accuracy on both the probability
of landslide incident and its effects.

Index Terms—three-dimensional; landslide; particle flow; simulation
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Tosuiiinanenuiiduatosznoudaodesotanua 7 42 Taun
1) Bananiwhande (Rainfall)
2) Fuituitugiu (Rock Unit)
3) ANUAAFY (Slope)
4) ﬁu‘ﬁ'ﬂﬂﬁ (Forest)
5) umﬁ‘u‘}mmniamﬁiau (Buffer Fault)
6) NANNTTT nﬁw&u (Windward)

7) szAuAMugInNIzAtimE (Altitude)

Rainfall Factor of Landslide

Legend

Boundary
Nge LA
f s/ Matiomal Soundary

T Proviee Bowndary

Rainfall Factor

B - s
—
BEE ese-11%0

7N 4-8 TaslSinanirumae



Geology Factor of Landslide
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Forest Factor of Landslide
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Aspect Factor of Landslide
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a d ° aan : :
4.3 MINNIEH !mzaammuszummumnmmuuﬂﬂuﬂdu (Analysis and 3-dimensional

simulation System Design)
4.3.1 M3UATIH In39a3 19999017 1ARY (soil particle analysis)

43.1.1 pUaNfnvoIAY

o

Yoyadnyuzvealnsaa1eiu 99103 Boring Rs=orAEn 20.5 wasvniiey

a
Y

w @ a 5 é’ a
HTAIANHUTTUVBIAUNIZOZ 1.5,3.0, 4.5, 6.0, 9.0, 10.5, 12 4TI 20.5 a5 AuEulusy

MITTUHIY LAZANMHUNIIL (A15194.1)

B LIQUIT LIMET TOTAL
: STANDARD DENSITY
SOILS [] PLASTIC LIMIT PENETRATIO
DESCRIPTION - N
& MOISTURE
= CONTENT ®
=5
23]
- % BLOWS/ft. L/m’
20 40 60 80 20 400 60 40 60 80 1 2
80
Top soil, dark organic clays
(. 45.7 oo
1.50
Stiff dark brown organic silty clays of low
plasticity (OL-ML)
25
3.00 oe
Loose light grey fine silty sands (SM) i
— 28 @ 147 ¢
Medium light grey poorly grade sand with
silt and gravel (SP-SM) 5.0
6.00
Dense light grey poorly graded sand with
silt and gravel (SP-SM) ” 104 Q
)
; 200 103 O
Dense to very dense grey silty sands with
gravel and some of rock (SM) o
10.50 9.8
Dense grey poorly graded sand with silt
and gravel (SP-SM) 4
12.00 1218
Very dense light grey silt sands with 12.5
gravel and rock (SM)
15.0
20.5

nsuTosEnmsuaziaiion

A31971 4-2 ToyanudanbazueIAU (1)
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a a o ¥ a 3 a
%ﬂgﬁﬂmﬁﬂyﬂizﬂ]QQﬂuﬁ‘lﬂﬂqul‘ﬂ'lz llﬁﬂqszﬂ'ﬂu']ﬂluﬂu Hagvualuaau

DEPTH GROUP MC. UNI WEIGHT SPT GRAIN SIZE
(m.) SYMBOL % L/m? Blows/ft (% Finer)

FROM TO vt vd No.4 No.200
0.00 1.50

1.50 1.95 OL-ML 45.72 1.45 1.00 10 - =

3.00 3.45 SM 58.01 1.84 1.16 7 100.00 16.99

4.50 4.95 SP-SM 14.25 1.98 1.73 15 83.53 5.61

6.00 6.45 29

7.50 7.95 SP-SM 10.35 1.86 1.69 39 72.74 11.28

9.00 9.45 SM 10.34 1.92 1.74 50 55.45 12.97
10.50 10.95 SP-SM 9.83 1.96 1.78 41 76.93 11.01
12.00 12.45 SM 12.77 1.88 1.67 70 76.60 2230
END OF BORING >

asuTosEmsuazAuiioq

A3199 4-3 ToyanadnumzveIAy (2)

4.3.1.2 MaAnudnyazmail@nduesdu (Soil physics)
=1 @ a
(1.1) ALV IUALTNHU T VDIB YN AR (strength and characteristic of soil
particles)
j Ada o o K[, Y a o T @
WUNnu ﬂymwmmmqwumﬂmmf!mﬂﬂmmmﬂwuﬁmm&nu"lﬂ W

° Y a " d A a o 3 a A < - v
wﬂmﬂﬂmm'lnnuﬂwmwumm'lmnﬂmsau"!Hammnﬂummmmﬂunau

i o j { % =) d’ - =Y 1
NN 4-29 MgaunuitazdnyuzeymaduRinaduaaY
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fg A U dys‘ o = n:; o £ o =
1uwummmumganummmﬂunwﬁm’mﬂu%zﬂszn‘em”lﬂmuaumﬂﬂumum (clay)

a a . X A a d4a 3
DYNMAAUNTIY (sand) oymaaunsouil i) FudoRvsuwssibatulums lnaves
a £ o 4
aymaauez Idauasaai

MEFCR foviin o (1)
PW=FCc/R=Wsin /W cos@................ (2)
STARG, .. 3)
nio e = Righ B [0 7 4)

W = particle of sand weight

F = frictional force between sand particle and plane surface
@ = critical angle

u = the static coefficient of friction

Fc = critical limit value of F

A ) ° ¥ o PO 1 a A - a
LNIMYUVDINNUTUUIN () ﬁ]z‘n‘nﬂl'ljuﬂ']il‘wH“Uln.lﬂQﬂ’]'lﬂf]ﬂﬂ]iiﬂﬁﬂuﬂ“ua\'Iﬂlqlﬂ1ﬂ (AU

1 é 1 =)
0aY) FIHANVITU AUNIIW (sands) &L =27 — 40%, p = 05— 0.8

.32-



i S A
FInanuN 1y AUNs W (sands) 0 = 27 - 40%, 1= 0.5 - 0.8
ouMANIIUN TN 19U P5IA (gravel) YUIA > 2 mm, o = 40 — 50%, p=0.8-12
U - a ci 43 [ ") o = ..
A1 o vosoymnaudaulsnlasulasvuegiueamlsznouvesdu (composition)
g o n:i:l 1 Y . a a a
USuaveah (water content) LUAZUTINANUNUYINDUH U (prior stress) Tasdnanisiaau
' a a a ¥ . dad da ¥, v & P " 5
aaudzing luuSnuauYuLY (upper mobile layer) NINUNAITUa19R luinaaui (immobile
base material)
4 ad 4. . T ' Y1 A
Tunuidug AT wauveseynIA (grains) FUATAUNUAIDUY A1 n a0 ldaunge
T8 laa1Fauns
Fc=Rtano=pR

2 Voo : .
luinensa i o Gondufhuyunioluve ws sf o (angle of intemal shearing resistance)
4 = & ' A gy o 2 s q o
wIsuTuAsAMY Pnumartsgh MmN anniuveseynin mlianuawise
=2 o 3 — 1 i qy [ a Ao Ji' = = =)
MsoANINATY v s amartiaunsaduna IdluduifitSnaiiodumiisige vie
Tutiu

Plane of failure

Fc=Rtang

a

- & oo ' '
NN 4-31 AUNAUDANABLLLAADY
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E o a
4.3.1.3 wansgnuvaalsinanineusanszieyninau
E A 44 o qw P = ' a . g ua
eruanlumuindsai lieynnvenindi lilinedassniveymavesin i liina
3 . = e L 4 o R
ussdAsERINEYMARIIAATUA NS (7) msmagarhlieymavesduFuiadaiiuas fu

anvazadin1I8ou T lMiRANS LIS IAIRATENT198YNIA (cohesive strength)

SS=peh = 24T/ v ipBinnnnn (7)

'
2 A

Wi lhzums unuiivesievesemasznineynnau (Anmsgaiiniolimus ui

v o 4 4 ' 1 a A o a a
desnussmmeadiuuen) uazih liiuive e iuiansaud ausalssanina
(effective stress) o e TunNIzTAUAIWANILTAINAATIAIIIATEANG (o)

@ w

JUU

A & 1 a - ' =4 =3 o A

ﬂ'lilWlﬁlu‘U?]ﬁﬂ'lll'iQﬁ\‘lﬂizﬁﬂﬁNﬁ (effectiveness of suction) MUTUATUANIZANAT ﬂ1ﬂﬂ%ﬁ]ﬂﬁ
v . ¥ 3

duiustumnwaudiveseynaauG) e lufunsoesimmileusuFinuven dudu

aumsaaldlsuandlu

119 0 < x <1, x = 1 IBNILDOUM UAZ x = 0 HoAMNAUNT WIS
0 = normal stress at depth Z
o e = effective stress

Js = soil water suction

.34.



Effective stress

(kPa) _ «—— Degree of saturation ~ 10
= 0.8
Effective stress
0.6
2 .
‘0
0.4
1
0.2
Degree of
| t L ; . €g
saturation
1 2 3 4 5

Suction (kPa)

MNA 4-32 effects of suction and degree of saturation on effective stress of

a beach sand drying from saturation(From Marshall, Holmes and Rose(1996))

Hem10emMUBINIBUFIAIND 0.6 NISIMUAUVO IR effective stress vz Indifvanunusga
(suction) 9INTANNISH (8) 961915 AAMEIOAT x ana A1 Js 9IUAY LAz 0 ANDY AN
ARG
43.1.4 szvudiaesawia Inssadweynnfu
nszwunsAoufieh g afanuusne nfu msivsaninyauiineilang

D37 (soil physics) WaviinfweuituIdinzdura 18 5y 1Hody (soil texture) uaz Insaadia
AU (soil structure) uﬁzﬁnﬂ'ﬁﬁ'uqﬁﬂﬂﬂtj msAnEIG AT s (strength) HAzAnNYME
WOANSTUVBIDYNIAAU (soil particle) HANTZNUVDILI AN (water content) AoAIY
U5 WBIAY (soil strength) DIN ATMMLANLLITI (bulk density) AUNWFU (porosity) AN
n&uﬂwauﬁﬂﬁu (soil aggregate stability) ﬂ“ﬂﬂms?ﬁmhu (infiltration rate) AU IUS ﬂijrll‘l%
(water holding capacity) UaZAIUANVEIAY (soil depth) Tasfny 19N TS & s finanszny
PwdeauaaunMsinuluszezusn 1dun Yinaniwumas Rainfan) %uﬁuﬁugm
(Rock Unit) ATWAFU (Slope) Huinh'ls! (Forest) i fususnsonibon (Buffer Fault) il
W13 SUHY (Windward) HAzsEAUANNGININTE AT INEE (Altitude)

43.1.3.1 msfimndnuazszuuiaesamidialnssadumeilandveseynindundy

(particle slide)

.35.



Nl 4-33 nareuszUYTIaB T A lnseai woynAdY

4.3.1.3.2 sspudiaesmwiiams InavesInsaasueynniu

AT 4-34 nadouszuuiaesmwiams naveslassadneumaau()

(1) AT IYDIDYNINAY (soil strength)
J a A a A ¥
Tuiuifioymavesduiisuam n 1218
n Fc/A = (nR/A)tan &

3o S = QAN csesinvesnvinin (5)

-136-



F = shearing force F
A = area of surface
A = area of surface
R = normal reaction |
0 = normal stress in overburden pressure |

(2) AMUTIAITZHINOYNMIAAU (cohesive strength)

NTUNITVDI Coulomb‘s law
S=C+Qtano................. (6)
C = cohesive strength
N =2 = = . 5 Ta 1 H a
ANULIIA cohesive (C) HATYUAIANIU o (friction angle) YuBYNUAVDIUT I Tudy Ty
- = =] & a = J " d’l
NIUNBYMAAUIHLEIMTeR UMAAUNTwuaLsEnaY M C 1as o anawilosnnlSuin

2o ada 2
U luauitniu

A 4-35 nameusruUTIaaNiiAns Tnaves Tnssadsoymaiue)
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4.3.2 MIDDANVVLHUAIIIADINSINAYEIBLNIAAUDAN (System flow of soil particle

diagram design)

4.3.2.1 usuAIMIIUYesZIDYBYA (System flow of data)

Soil Particle Source

J<

Birth Particle

Set Particle Rasition

Particleilife Span

Randon Birection

Delete Particle

MW 4-36 IHUAITIAINTIRAYDIBYN AL

-38.



4.3.2.2 UHUAINMSINUYBINIAILANAUNITYNMIARY (System flow of soil particles

script)

MM 4-37 urudansihnuvesmauguialseyninay

1 - g § 4 aa
4.3.23 MIMAMAA (GPS) voaituioadn Taamuiia
Iﬂaw&’c‘ﬂ ’ gcid g (- S yd‘t A v 1 aw
mimmwnanuiaunauluiunnsdidnumimudiosnlfinsesile faminasz oy
e = A 4 ' a o
GPS(Global positioning system) Tagn13@n3aluniuiinnnmaeaadonndafisanus= 1y
= gs' o 5 = ° " 9 1 = A'l =) s a oa -g z:;
ECITRRRY b mnuui]qmmm‘lumwnwmumvmwmmswﬁmqﬂwnﬂiuwun(mw 1,2 uaz

3)

-39 -




oA

4.3.2.3.1 MIMIMNAA (GPS) YDIWUMNUMINT Muadoan19a sunow a1y

¥ 1

45zuugaiidanianun 478 (519 1) gaidlorhaudh luumuiides 1850 m (m 1)
Position
Waypoints High Distance

001 47QUTM 589142 2255734 566 1.34
002 47 QUTM 589138 2255730 568 1.34
003 47 QUTM 589134 2255725 572 1.34
004 47 QUTM 0589125 2255720 573 1.35
005 47 QUTM 0589117 2255720 579 1.36
006 47QUTM 0589115 2255713 581 1.36
007 47 Q UTM 0589104 2255708 382 1537
008 47 QUTM 0589100 2255717 580 1.38
009 47 Q UTM 0589094 2255719 379 1.38
010 47QUTM 0589088 2255729 576 1.39
011 47 Q UTM 0589078 2255737 571 1.4
012 47QUTM 0589077 2255739 569 1.4
013 47 QUTM 0589078 2255748 568 1.4
014 47 Q UTM 0589071 2255744 567 1.41
016 47 QUTM 0589077 2255760 560 1.4
017 47 QUTM 0589081 2255766 559 1.4
018 47 QUTM 0589079 2255768 559 1.4
019 47 QUTM 0589086 2255763 559 1.4
020 47QUTM 0589093 2255760 561 1.39
021 47 QUTM 0589099 2255754 561 1.38

47 QUTM 0589105 2255750 562 .39
478 47 Q UTM 0589132 2255800 552 24

P | aw A 4y =
AT NN 4-4 AINNA (GPS) VBNWUNUIUNIH Y

_40.



P T P a
AN 4-39 NMUWDUWUNITINTUANY KNI

:’ " - o g {
4.3.2.3.2 myauduFuanugnnmane (GPs) vosiud thunmi

di ! & w o 3’ § _ o 5
ma“lﬁ’mwnmm:aﬂymwmwuﬁm'quﬁ'ﬁqu1u1ﬁ§’1m"f’u%ummqﬂu7ﬂ5umn
CAD
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{ :’a as 1 el j 4
MW 4-40 M 1adUTUTEAUANGININATA (GPS) vosuT LTS

o = a :‘I J {
43233 msadnuudaesmuidnndurunnugevesituihumnmd

o J w g} o aa tg i
wrszgduveadusunuguniaoslaacmiavesiui

i o o e :‘l J i
MMt 4-41 maaanuuiaesrwiianaduiuanugevesivuithunmi
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' a o é‘ 4 o | o 1o
4.3.2.3.4 MImMAAAA (GPS) voanuithuan duaithds sunomisu

¥ 4 1 { a
¥szvugaiidaianun 216 (M319 1) yauiiohand lumudies 18830 m (1)

Position
‘Waypoints High Distance

001 47QUTM 0571563 2223830 545m 38m
002 47 Q UTM 0571547 2223827 543m 23m
003 47Q UTM 0571539 2223819 541m 12m
004 47 QUTM 0571530 2223816 539m 3m
005 47 QUTM 0571520 2223811 540m 10m
006 47 Q UTM 0571508 2223806 538m 2lm
007 47 QUTM 0571499 2223803 53%m 3lm
008 47QUTM 0571491 2223795 539m 42m
009 47 Q UTM 0571482 2223787 537m 53m
011 47QUTM 0571467 2223776 536m 72m

47 Q UTM 0571460 2223785 537m 75m
216 47Q UTM 0571522 2223813 546m 7m

S, 4 4 4
A13137 4-5 ANNNA (GPS) veaiufithumny

{ 1 oA 5 c; '
A 4-42 MsuumATng (GPS) veaituithuany aslunmswaraiien

.43.



d‘ ' 1 d. = =t 3
MW 4-43 MNEIgRUNS INTARNIIIUE Y

g’ T = J 4
43235 msadrudusuniugannming (GPS) vasnudit

9

4 g g - X 4
M 4-44 M3a310duTUITAUANUTINNAWNG (GPS) voanunT I

o kel z J 1
4.3.2.3.6 migdrnuudiassmuiannduruanugaveaiuiithuay

]
=

° ' o 3’4 o aa .&’
himszgavvaaduFuaugunsans lumamuifvesiiui

uefaepy nydoeueg

=



= 9 o A v z tﬁ‘ & v
MNN 4-45 NMTAS NLI“U‘]Ji]Tﬁi’)ﬁ’ﬂllllﬂi]']ﬂlﬁu%uﬂ'ﬂﬂq@‘u’i)ﬂwuﬂﬂ1um'ﬁd

" oA w j { @ o o [, o [
4.3.2.3.7 MSMINMNA (GPS) vaauMmudunas avauldasiuen sunauuiivaig

aw ¥ 4 a4 i w
Idszuugainavianum 307 (@151 1) yariiothaud Tunmuinee 1ddanm (i 1)

Position
Waypoints High Distance

001 47Q 0566276 | UTM 2227742 1022m 29.64m
002 47Q 0565146 | UTM 2227714 1028m 29.76m
003 47 Q 0566161 UTM 2227717 1029m 29.74m
004 47Q 0566175 | UTM 2227717 1029m 29.73m
005 47Q 0566190 | UTM 2227718 1028m 29.71m
006 47Q 0566204 | UTM 2227724 1031m 29.70m
007 47Q 0566208 UTM 2227737 1034m 29.70m
008 47Q 0566223 UTM 2227738 1036m 29.69m
009 470Q 0566238 | UTM 2227738 1036m 29.68m
010 47Q 0566252 | UTM 2227739 1035m 29.66m

47 Q 0566264 | UTM 2227747 1035m 29.65m
307 47Q 0566274 | UTM 2227755 1034m 29.65m

A "oaw & dy o oama
M137199 4-6 MWNA (GPS) VOIWUNUIUTUAAT

_45.



H Li - oo 5 a -, L]
WA 4-46 MIUNWAINNA (GPS) vBInuNThuduaasaslunmeeaufiow

21 v & 4 a o o @ A
DN 4-47 ATHDTIYAUNITINTIUANE T TUTUAAT
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]
- 9 o A

¥
2 _— 2
4.3.2.3.8 M3 duFUAIUGINMIARA (GPS) vosnufituduRis

@ Ak

P 4-48 M aduTusEAUAMNGIINA NN (GPS) Yo uAThuduARS

h.

2 @ A

o o, n,l J
43239 nﬁfﬁ'muuumammnuﬂmmr’f’uﬂmmm FIVDINUNVIUTUANT

]
=

o 1 o gl o e j
ihmszAvveudusungTIaes Tumamuiidveaniui

i o aa z g d. o =
PN 4-49 M3ainuuHiassmmiannduruagIve UM dUARS
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4.3.2.4 Man3UA (Particle script) AIUAUMMNUBIMAILsoUMAGY
) ° a ' Py a a | da A °
nanmsiasteymaauaay 19ms@suanidadaTiunsuiiniugumsviauly

Talsunsw 3p-Max Taoindnmsyanuhudesdudio
Landslide = amount of rain is 150,180,200 mi/12 Hour
1 Hour = 60 Minute, 1 Minute = 60 second, so 1 second = 0.0046 ml of rain (1x1m)
This plane rain of scene is 100x100m
This scene is 25 frame/1 second; amount of Particle is 4800/1 second
1 second = 25 frame
4800 particle/25 frame = 100x100m
4800/100 = 1x1m
48 particle = 1 second
So 48 particle = 0.0046 ml
0.0046ml x 43478 = 200 ml
So 48 particles x 43478 = 200 m

LA . o o ' w b &
INTUTAVYU Script AIVANNIIIIU TALN Amuantevoaee Tuldsunsudeil

€

Ty, T We—
= i

A7 4-50 an3UdRILUNITIOUYB I YMARY
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o -y £ =1 1 g H
4.3.2.5 Mmsdapammmauuamsinaauoan luiunnsaidgny

a aa a s 1 J .cq' - =8 8 4 A o ]
43.25.1 ﬂ'l‘w%'lﬁ?)\'m"lu11Flﬂ'lilﬂﬂﬂuﬂﬁﬂiuwuﬂﬂiﬂlﬁﬂy'ﬂj’mw]ﬂn LIGINNAT Luae

1 ar o aa a a ' j - -
A 4-51 wadns NS nansnaauoay luNuRnsSiFnE T UMM

o - a a 1 g a IS Y U=l 1KY
4.3.2.5.2 nminaosawiamsmaaunan luiunnsdidneminua ] thae wisu

- . o aa a oA " ‘g A = =2 Ed
NINN 4-52 Hﬁﬁ‘ﬂ‘ﬁﬂ’lW%"IﬁEN’ﬂ"liﬁJﬂﬂTi1ﬂﬂﬂuﬂﬂn1uwu‘ﬂﬂimﬂﬂH’lU']H!ﬁ'lﬂ
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o aa = =) 1 g H = al -, v
4.3.2.5.3 nmdassauiansnaausay luiunnssidnu i uduaas ulgaoiuen

aunouumang

= o d o aa a o " J a = 9/ o assey
NINN 4-53 waammwmammu:mmsmﬂﬂunau“luwu'nnimﬁnmmuﬁuﬂﬂi

4.3.2.6 muBouifsunmsifeauoauiifesudeamasu sz 151053 3D-Max Lz
Real Flow
4.3.2.6.1 ﬁsuuéma&mnﬁﬁmﬂauﬁhnmzﬁumms"lﬂauazmsmamqm‘guﬁiu
T1l5un5u Real Flow

(1.) 52UUT IR0 INNANATO UANHULZVDING 1HANTZA 30

-50-



NN 4-55 anvzueants lvafissau 3002)

(2.) 72VUNABINVLANAAD VAN UDINT IHANTZA 90
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NINT 4-57 SREVZVBINTG 1MaNI a1 90(2)

o =a o J E;
43.2.6.1 sx‘uumamﬁmmmﬁauanummmmi"lwaua: m‘aﬂsamqnwuﬂu

Tusunss 3D-Max

3

AMUNTUMM N UNANTIAABUAIYEINIATT A 30

=

(1.) 32UVIaDIA NI



=~ g 4 3 ¥ = a A o
NN 4-58 WUNVIADIUTUHIHUADUNANITIAADUAIVDINIG

= A‘ Ao v =) w A A o o @
NN 4-59 WUNDIANTIUFIUUHDUNANTINRDUAIVDINIANTZAD 30

o nai‘ .ﬂ' 9 = = 4'{ o d' e
(2) IZUVVMANMUVUANUNTIUNIHUNDUINANISIAADUAIVDINIANTZAU 60
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= & A, P A @ oA 4 o 4 o
NN 4-60 WUNDDDILTUHIHUHAUNANTIADDUAIVDINIANTLAY 60

° nqg a v a0 = A o = @
(3.) TEVUNADITWUANUNUIUHIHMUNDUINANITIAADUAIVOINIANTZAY 90

= j e 3/ = @ & o a o
NN 4-61 WUNDIADIU UKL HAUNANITIAADUAIVDINIANTZAU 90
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k4
ayduazdoravonus

5.1 agduszidunan
MsITReonuuNAz WAL ae uadousTsweamsiaduaanlusania

= P g = S A o a sy

o510 szoe 2 Wlunudseijaniunissiasanmmiaiiouss sawiia (three-dimensional
< 1 @ a o Al wa o @ Aa 1 a a

model) 1JumsastaAUAzAAUIIUITEINTZUZUINT Iz TS st raden s Anay

oduTaensilszgndldina TuTaBesmadumsaumegimans Remote Sensing 1Y Image

; ;g : 2 o v E
Processing ¥4 lanmuaodu@oanavua 7 Tosu 18uns Wmnaniw amarasy 1l s

a A a o 3 v ' = 3 = o e
WU seeaeu NAn1ensiuiidutazainuge uazwudsuoaniduiudesois

o w P L @ oy oy s A 44 o & o
ﬂ']"lllﬁ']ﬂil_]ﬂ'lﬂ'ﬂf!ﬂ i]'lﬂuu%ﬂllﬂ'Jlﬂ'i’lzﬂllﬂﬂwuﬂlﬁﬂﬁﬂﬁlf’)ﬂﬂi]'l ﬂ'lll"l'iﬂllﬂﬂﬂﬂﬂllﬂlﬂu 3

o vy o & oda oa X 44 o 4 o ow
bA2M ] Tﬂﬂmimumummgnmmrmwumm 1D WHNIUINYT thunai lagiggineay

~ 3 t:i c; o ar L | :’; = j {
TavlinuideadolusaniaFoesonanunsdy 5,582.68 @110 Tawns ATDUAQUNUN

vy, 'y ¥ 2 0ooa A 4 ax Al et & An -
HUTUITUIU 373 Hyuu i]1ﬂuui1‘3ﬂﬂlﬂﬂﬂwuT'!ﬂﬁﬂlﬂﬂ}i1ﬂ9g1uwuwuﬂ'}1luﬁﬂﬁg\ﬂlaﬁ

°

. 3 ~

inaduaamneundmiemdunaduoay 18un drummil druadesniei suneulas

o [

2 o U ° ! a ¥ @ A ° " 9

mu!.m'yj @nl]ﬁlhﬂ@ DUNDUUIU UAZUIUAUAAT ATUAUNTADIUDN mmmmﬂmaw
aw & A w X[ 42 ' =

ﬂi$'1J31—!ﬂ'I'i’Ji]ULiiJi]'mﬂ151’1’]?]1?1ﬂﬂ‘l]ﬂ\iwu‘ifl‘ﬂﬂﬁ?”llﬁﬁiﬂﬂi‘]ﬁﬂﬂu%‘l Global Positioning

v o U 5 o) a .g {a i a oo
System 3IAUNINAWAIANBNIN Google earth FUTUMTANS A luRURAUOAVLAZHINAA

¥
@ as

' 4 4y Hg Y1 Aw Y W Y1 a
unazyalaviuithummiilinidanavun 478 ya thuaw 1daidamun 216 90 nag
I = ow :: :‘, e 1 a a 4 :‘4 o
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