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SUMMARY

I. Title

Development of system for an analysis on slope stability using mechanical method

II. Objectives and Importance of the research

1. The purpose of this study

This study is carried to develop a system to analyze slope stability considering

topological, geological, meteorological, geotechnical factors and GIS
2. The need of this study

75% of total land in korea is composed of mountains, which have steep slopes
and thinly stratified surfaces covering bedrocks. And it rains densely in July,
August and September from 1,300mm-1,500mm. Slope failure due to these
topological, geological and meteorological factors in korea causes casualties,
economic damages and loss of natural resources. but this can be more a disaster
from the viewpoint that it often links to the second and the third damage all over
the country. Most solutions for mountainous disasters which require much money,
time, and endeavor to get information for restoration are focused on restoration
Now KFS(Korea Forest Service)that is not yet equipped with long-term system is
carrying out instant warning system for slope failure, but it only depends upon
rainfall not considering real mechanism of slope in failure

And also criteria for slope failure from KFS is not clear. so it can not provide
quantitative judgement but qualitative one. Therefore resonable solution and

prediction for slope failure and also a system which simultaneously consider many
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factors is needed to reduce the damage.

ITI. Contents and scope of the research

Contests and scope of the research are as follows.

1. In-situ monitoring and analysis of hydraulic and hydrologic features in

natural slope

a. Study on present state and feature of natural slope failure.
b. In-situ test for ground-water table, pore pressure and sampling.

c. Study on infiltration and runoff due to evapotranspiration and rainfall
2. Influencing Factors

a. Vegetation
b. Soil property
c. Topological factor

d. Hydraulic/Hydorologic factor

3. Development of analyzing method for natural slope stability through

classifying

a. Topological pattern
b. Extraction of topology
- Topology DB construction and slope steepness, elevation, site, orientation,
curvature per unit cell
- Extraction of ridge and valley
- Extraction of fragile topology pattern

c. Topological pattern classification
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- Basic classification
- Classification in extracted slope

d. Evaluation of stability for each slope pattern

4. Development of evaluating program for slope stability analysis

a. Design and construction of GIS/DB
- Collection of digital topographic map, soil map, geological map, vegetation
map
b. Development of stability evaluating system adapting mechanical method
- Development of evaluating system through model considering factors
c. Development of practical program appliable in field

- Development of practical program based on ArcGIS

5. Alternative for failure vulnerable area

a. Aquisition and management of meteorological factor, geological factor, soil and
vegetation

b. geotechnical method and alternative for failure vulnerable area

IV. Results of Research

a. Classification methods, intriguing factors for slope failure and many worldwide
failure cases were examined. Though there are many different kinds of
classification methods they are all the same in that they define the causes and the
scale of slope failure. Among them the method by Varnes in 1978 is widely
adapted. He divided the causes into external and internal one also, natural and
artificial one. For example the most influent factor is known as rainfall. but
regional differences can accelerated or decelerated the effect from rainfall. that is to

say the need for synthesized analysis considering many factors in total increases.
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Shallow slope failure in korea is mostly occurred from rainfall but each country has

its own failure pattern because of their indigenous soil depth, geology and rainfall.

b. Gyung gi do Yang ju si Jang Heung area which contains some failed slope
was chosen for the study. For analysis of real movement in natural slope, sensors
were fixed, and field conditions was monitored. and lab test was also done to get
basic properties related to internal factors. Ground structure and geological feature
was obtained by in-situ boring test and electric resistivity test. And fundamental
data like water content and ground water table per depth were observed regularly

in newly chosen area for the development of system

c. Deterministic method using mechanical process and slope failure intriguing
factors like hydrological/hydraulic one was examined to develop stability evaluating
system. As a part of developing process, a analyzing method that is able to
consider topological factor was developed. and shortcomings in old model were also
overcome by newly developed one. the results were throughly verified. The
modified model provides more resonable results for natural condition by adapting
unsteady rainfall. also regular observation on infiltration can be possible from the
start of rainfall. And the results from the modified model and dynamic model using
calculated wetting index in subsurface were compared with each other. the modified

one shows the better results by simulating closer to real slope failure in the area.

d. Slope failure risk in a wide area was analyzed by GIS and base on this, risk
index map was depicted. in addition DB was built to support the development of
model and safety factor map for each slope and small basin was depicted too.
Finally a program in which modified infiltration in subsurface and unsteady rainfall
was applied for analysis of slope stability in a wide area was developed. it was

verified by comparison in data from model and the chosen area.

e. Lastly engineering and biotechnical solutions that reduces damage from slope

failure and reflects domestic topology and climate were examined. And also slope
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stabilization techniques which are newly developed were studied by analyzing
foreign cases in Japan, USA, and Hong kong. their possibilities of application in
korea was examined also.

A strong and weak point of studied techniques and indigenous topology both
must be considered and engineering alternatives for slope stabilization also must be

practical, economic and pro-environmental according to those consideration.
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e o w ZF9-oF AbAbeele] FadS AT & 13?% ol Hu AIZE AFg-el
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5ol RBQNA BAT AAEe BAEE BF 4000 sl A wAE e, 310~
40°91 4 5699 BARS BATE A7)BF A (A= 1oo~2ooo1w 50967} 41
11, 20~30°0141 30%, 1T 40°0] el A= 197 WASATh AR AFelAe
21~30°e Al 52%, 31~40°0l A 45%7F LAkt AE &A= 26°~35° F-1Eel A
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3% 36 FE WE ARAME 2 AR X (Kinam, 2000)
Curvature value | Landslide frequency Peroentfeigegugi(};ndshde Area(kr) Pegfoear;gge Ianggl %?ﬂirzq}tézncy
-9 ~ 4 2 0.1 0.99 0.08 2.02
-4 ~ -1 277 12.7 51.63 4.19 5.37
-1 ~ -05 291 13.3 83.28 6.76 3.49
-05 ~ -04 105 4.8 28.37 2.30 3.70
-04 ~ -0.3 116 53 34.90 2.83 3.32
-0.3 ~ -0.2 132 6.0 42.78 3.47 3.09
-02 ~ -0.1 136 6.2 54.06 4.39 2.52
-0.1 ~ -0.001 131 6.0 82.24 6.68 1.59
-0.001 ~ 0.001 34 1.6 520.51 42.25 0.07
0.001 ~ 0.1 104 4.8 74.71 6.06 1.39
01 ~ 02 96 44 45.84 3.72 2.09
02 ~ 03 105 4.8 34.59 2.81 3.04
03 ~ 05 91 4.2 2747 2.23 3.31
05 ~ 1 72 3.3 22.35 1.81 3.22
1 ~4 260 11.9 68.46 5.56 3.8
4 ~ 15 234 10.7 58.63 4.76 3.99
15 ~ 50 2 0.1 1.22 0.1 1.64
Total 2188 100 1232.03 100 47.65
B EE A Al AP FAFEAS e FES v o]dF200D)E BRE APES
Foto]l &g Al AME e k=l E AR Ay AA ST SUME SR AlE FUsko
7F 1:15 o] A= #HAagS RIATHE 3.12)
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F 39 W Al ApE e EAge] AR

A2k Ao AN lagy 49
. “2| 71| 0| +1|+2|+3] +4| 5| +6|+7|+8| AT
(mm) (mm)
e AE o 30.1 | 602 | 2534 | 81.6
271 AE o 430 | 41.0 | 211.0 | 39.0
A% A o 321 | 345 | 2152 | 158
A5 <Ak o 620 | 700 | 2122 | 0
A=A ¢ 495 | 495 | 2383 | -
EH Y 700 | 770 | 5419 | 352
T 5o o) 720 | 770 | 5419 | 352
H2F Apst O 56.0 | 560.0 | 264.0 | 144.0
A 44 630 | 680 | 4295 | -
R O 315 | 660 | 460 | 154
871 74 o) 339 | 541 | 1411 | 276.3
271 & 80.0 | 80.0 | 2180 | 30.0
BE AT ¢ 320 | 400 | 2270 | 50
=5 FT o 444 | 444 | 2630 | 40.0
A 695 | 695 | 3615 | 75.0
e 24 o 60.0 | 60.0 | 268.0 | 242.0
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¥ 310 A AbAre] T |
I3 . 7% (mm)
T e | e | 92 | e [ azpes | aoaes
A1) B 2
22 A 7,318 192 1,062 193,465
AA AT (286) () (43) (7,738)
76 230 - 56 476 225(%-91) 67(A) -
77 425 - 222 2,039 474(2F%) 96(S+%F) A
78 66 - 18 149 4440 3)) 86(%4 ) ojmjof
79 434 - 167 2,756 474(3 &) 100( 3l) ™
80 451 - 58 1,980 395(H.&) 90(H2) o71=
81 236 11 25 1,365 672(5.4) 72(33%) of 1Y
82 91 12 9 759 211(%5) 82(¢+%) L B
83 - - - - - - -
84 100 3 18 1,073 666(45 %) 76(4 %) =g
85 30 - 50 1,396 315(A ) 36(d)#3) g71=
86 12 - - 84 271074 3h) 427 3}) EES
87 1,002 34 156 15,525 673(A ) 122(4 ) Alu} t}ol i}
88 113 6 15 1,592 353(% A1) 60(EH) -
89 273 14 34 4,203 497(5 ) 90(3%) Tt
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2 age AZNAY g FUL sl AHE 33 AUl A3 Geofyzkartel

ResiStar RS-100M & 718] A & A} 7] o]t}

4) A%

B Ao A Alm AEHS AN AF F2oA FAHA o, #1 F
12 oF 120m oty 29 4238 E ZAbolA dojzl ¥Al A¥E yEhd Aol
® 29 Ade ARl 7 ZRY] AVHAY AR stgHEolth BehAe whe
A7 A TS, #& Mo 24545 52 A/NAF s vepith 19 4239] gk
4y 2RV vAg A5Es EdE 73 23] AN Y Exrzely AFanEs
agsle] ZAE s adoltt. 17 4238 S A¥S nyd 249 A7 &
s AAFoer B A xH FZoA g ez 500002m ol4e] vAE e 2t
=k SARETEe SA o] Ao R e AsE ALHAA FEE] A Ao
et ole = 7t 5 A9 vuE dAHL gtk B4HoR Au A
gt 2 oF 100002m "l HA S M= ASE oustng, AdaA el AeTx
Sl 29 4189 stdtelld 4 5~113 =4 13~144 Holl 2fzre] A8k 0]
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Depth  Iteration 3 RMS erar =582 %
0.0 200

13}
E4

12.4
Inverse Model Resistivity Section

I I N N ([

1152 1742 2633 3981 £013 9023 13754 20794
Resistivity in ohm.m Unit electrode spacing 5.0 m.
Heration 5 AWS errarm 6.7 SileD4-11-25)
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00y L
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el
=300
-40.0
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243 a1 1827 250 4X4 7200 12073 AMdS
Resmtialy in ohium Unit Elgctrode Spacing = 510 m
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- |
“ | Ground surface

-1
Residual soil

§ : Box sampling
S VWC sensor
BH : Boring hole

a9 424 A A wid 2 AEY XA
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3) As4H
2005% 99 279FE 20054 129 2297bA 9] Aska9] WstE AT A= 19
42601 e wpel Zow gARA| Qo] Zerpreel nlustold At AFg-rp g
7%= 8lmm/day <]
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Ground Water Level, GL(-)m

Rainfall Intensity(mm/day)
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348 S Askee] 8 A=
N A 5}:?%’4 A 3}:?31 Fonw N A 5}:?%’4 A 3}:’?%”] Bogn
< 4 B-1 B-2 (mm/hr) < % B-1 B-2 (mm/hr)
GL(-)m | GL(-)m GL(-)m | GL(-)m
2005-09-27 6.70 417 0 2005-11-10 7.14 4.83 0
2005-09-28 6.74 4.20 0 2005-11-11 7.14 4.83 0
2005-09-29 6.81 4.23 0 2005-11-12 7.14 4.90 0
2005-09-30 6.81 4.26 81 2005-11-13 7.15 4.90 0
2005-10-01 5.31 391 9 2005-11-14 7.15 4.89 0
2005-10-02 5.35 3.77 0 2005-11-15 715 4.88 0
2005-10-03 5.89 3.99 0 2005-11-16 715 4.87 0
2005-10-04 6.24 4.09 0 2005-11-17 7.16 4.87 0
2005-10-05 6.42 4.09 0 2005-11-18 7.16 4.90 0
2005-10-06 6.56 4.10 0 2005-11-19 7.16 4.90 0
2005-10-07 6.65 414 14 2005-11-20 7.16 4.89 0
2005-10-08 6.72 419 0 2005-11-21 717 4.88 0
2005-10-09 6.79 4.23 0 2005-11-22 7.16 4.87 0
2005-10-10 6.83 4.26 0 2005-11-23 717 4.89 0
2005-10-11 6.85 4.28 0 2005-11-24 7.17 4.89 0
2005-10-12 6.87 4.30 0 2005-11-25 7.17 4.90 0
2005-10-13 6.89 433 0 2005-11-26 7.17 4.90 0
2005-10-14 6.90 4.36 0 2005-11-27 717 491 0
2005-10-15 6.92 4.39 0 2005-11-28 718 4.90 0
2005-10-16 6.93 4.44 0 2005-11-29 7.14 4.85 0
2005-10-17 6.95 4.47 0 2005-11-30 713 4.84 0
2005-10-18 6.97 451 0 2005-12-01 7.15 4.85 0
2005-10-19 6.98 454 0 2005-12-02 7.13 4.82 0
2005-10-20 7.00 458 0 2005-12-03 711 4.82 0
2005-10-21 7.00 4.59 3 2005-12-04 7.14 4.83 0
2005-10-22 7.01 4.62 0 2005-12-05 713 4.87 1
2005-10-23 7.03 4.63 0 2005-12-06 7.11 4,95 0
2005-10-24 7.04 4.66 0 2005-12-07 7.11 495 0
2005-10-25 7.05 4.70 0 2005-12-08 7.10 492 0
2005-10-26 7.06 471 0 2005-12-09 7.09 491 0
2005-10-27 7.07 4.74 0 2005-12-10 7.09 491 0
2005-10-28 7.07 4.75 1 2005-12-11 7.09 4.90 0
2005-10-29 7.08 4.76 0 2005-12-12 7.09 491 0
2005-10-30 7.09 476 0 2005-12-13 7.09 491 0
2005-10-31 7.09 476 0 2005-12-14 7.09 491 0
2005-11-01 7.10 4.80 0 2005-12-15 7.09 4.94 0
2005-11-02 711 4.81 0 2005-12-16 7.10 4.97 0
2005-11-03 711 4.82 0 2005-12-17 7.09 4.98 0
2005-11-04 7.11 4.83 0 2005-12-18 7.06 497 0
2005-11-05 7.12 483 0 2005-12-19 7.07 495 0
2005-11-06 7.12 4.82 25 2005-12-20 7.07 495 0
2005-11-07 712 479 1 2005-12-21 7.10 4.97 0
2005-11-08 713 4.80 0 2005-12-22 718 4.98 0
2005-11-09 7.14 4.84 0 - - - -
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(b) AlA vl
19 4.27 ECH20-10 AlA 2 w4

29 424004 YERA Bkel o] AbE ] shiel] EA 30, 60, 90, 120cmel $HEH] Al
A& st AIRPE 3EHE SASA A A /}ﬂ/ﬂ—t— Oy 4279 2
DecagonAle] ECH20-105 ©] &3ttt ECH20-10= w9 §H44E SH3 9 =&
ER gAY B fHdsE d5vet AP0 ARHER o5 o] §dte] E
A s AT & Atk AA 9 Hol= ¢F 10em, 0~50TolA #8715 3}
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Volumetric water content(%)
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—=— Calibration of sensor
® Identification of calibration

15 L L L L L
350 400 450 500 550 600 650

Sensor output(mV)

" 425 Aol BAg=Ad

(%) = 0.0952 X< Sensor value(mV)—19.441 (4.10)
= 0.998
3) A4
2005 9¢ 8UFH 20059 109 497 7 HFel og g WstE 54
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2. AF # AAEAH
7h B EAL 2 A REERA
1) EE A
7h) ZAHEF
A7INA G SAME Edkolut A afrek M)A A, F AU A ®gE
ZA4ste] ASTRE AHeE Ao® AlFd oe AukAlel A AMH O A FFE
£ Totatr] 9ste] A7 A "HAFE AT

) ZAE
HAb 73kl e oF 60meolm Awk A" xAL ARG V2R st A/HATE ©
st E9E 45 F dv RS JHA da, 2 A 23 s o] §olateE b
< 9 W 4 (Wenner-Schlumberger) 8] € & o] &3} %1
= FHol Ads] vra Aol A% #AlE d5S AR
Aol 25w AAE Forp Hasi 3 A, AdH gor FA A 2

A mVe AAA L (self-potential) 7} g SRR olo st HH3 BAHI A

) 22
T 4230 Ansl MAG ARE Bolw TH 249 ANAT BEEoly X
B}2 selste] wAF s,

pot
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Elevation
100- Model resistivity with topography
’ lteration & RMS errar = 4.8

I N N N N T [ O . T ] [ T e .
G55 977 1386 1966 2750 35959 5617 7969

B0.0- Resistivity in ohm.m Unit Electrode Spacing = 2.5 m.
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YA AW AFEAE Fste] AT O3S FAME] 452 Felshglon
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ARl AT ARZALA D19 AF FARSE AXAAN A% 1wk EA
gov theon ¥ 33mel ¥HEZ, ¥
oleli= Qlgrel EAStEom NEWelA AAA Ze]
ARSE AEDAN Q% GwAN AT FAA EAssen ggos vi‘ri%ol
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$1 A |5 T4 A|FH S

zF = , Y: RITA m
N 90(Vertical) ANFT74

] 3} 9] GL(-) 2.46m ZAFY 20064 8¢ 17¢

A% 11.0mollA =3 F

= % AduH7 = E=a4YgAad
THES
* A% 0.0~65m 74 8/30
- A% 00~24m 7}
AR Rl we
6.5 7+ 36/30
- A% 24~65m 7]
SUE L A% He =
= ¢15cm o)A 50/15
A2 $p3~Tcm
2
50/26
6.5
TIES 50/10
0.8 #* A% 65~7.3m 7HA
2EZ 12y
2
7.3
oo
* A% 73~9.0m 7}
1.7 ghvo] uHa 9 S
ZF A
9.0 B
b
2.0 * A= 90~11.0m 7}A
shaje} w4l
11.0

(b) B-2 A F4%

29 432 AF AR FEE
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SEMEE]
Nz BANEE FBS Ade E 4100 e vhsh 2ok A Wit Axws)

Feo oF 158kN/mioln] Hi H|FL 26307 ERTH

# 410 Fe| 712 =47

Site B4 | 3 | FEEATHE | Axd T 0z |z TTE
(cm) (%) (kN/m?) (kN/m?) (%)

o 30 16.9 1851 15.83 263 | 0661 | 39.799

60 17.8 20.08 17.05 265 | 0555 | 35677

=0 30 20.7 1851 15.33 263 | 0715 | 41695
]

60 174 19.36 16.49 263 | 0595 | 37.308

30 18.2 17.66 14.94 263 | 0758 | 43.111

. 60 276 19.30 15.12 262 | 0735 | 42.359
]

90 279 19.94 15.59 264 | 0691 | 40.880

120 234 19.70 15.97 263 | 0649 | 39.357
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u=",hcos’A (5.1)

ANA, 71 F VAT, 4, 0 B EATF, b AREH, 2 EA,
B AR AL u BF5G

Aseele sawst gAtn, A AW FYAA9 A EPE B
Faloleh, E4olA sel2vE% B9 kol x=heosfolmz

h, = heos®3 (5.2)
oA71A, h, t F =R 9]
8.4 ABCDOIA &=
U=u s =, bhcos 3 (5.3)
gzl Zhgete AT
N =bzcos 3—,bhcos 3= beos B(yz—,h) (5.4)
Gsdol #gate dddes
C’
S= Cosﬁ—i-bcosﬂ(’yz—’yw ) tang’ (5.5)

adeg A((54), 6HEFH &S 2(56)7 )
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c'sec+cos B(yz— 7,,h) tang’
F= - (5.6)
vzsing

A(56)2 AGNE A & & gon

¢ secB+ (yz— 7,,h) tang’
F= (6.7
Yz tan(

F 2GS G Lol & F gtk

¢+ (yz— wh)cosgﬁtan '
=T i 58)
~vzsinfcos 3

Coulomb®] F3tAtH SHgaj M2 eAl F =1 183 ¢ = 0ol FupEzt(¢')S

21 (5.8) ZH-E 2599 o] §=& 4 AdtH(Cornforth, 2005).

, ~vztan(
tang = (5.9)
¢ (yz—7,h)
21(6.9)F h/zoll st Belstd, (51003 o] yerd 5 v
h v ( tan( )
—=—"|1— ; 1
Z Yy tang (6.10)
HFHAFE o] &3 A E A RHES w,=h/z2 st SRR AP &
TAFE v o R A A A S Y,
¥ E R 26100 4((B.11), 612)%F #o] & 4 At}

tan 3= [1—w, (v, /7)ltan¢’ L, (5.11)
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w; = (7/7,)[1— (tan B/tan ¢')] (5.12)

TOPOG, SINMAP 18 i Borga 5(2002)3 #o] F&AFZ ol &slo] AMAbe] ¢33
AZ d2dts RAES 9 A((G11), 5.12)2 Htg o R S HE T FHoAS A

7.

. FEATE o] FIAA AAHY

Pack 5(1998)°] AJ<t3dt SIPMAP¥} Montgomery and Dietrich(1994)7} 7§23l =
¢l TOPOG+ O’'Loughlin(1986)2] #] %3} 5 S (subsurface flow)ol] W3t A= nlgo
2R FaAFE FAAEAAG o] A4 RP oA SINMAPIIA = Fi&
A9 (Transmissivity) & EFZlolol #Aglel Fdstvtar 7H48klal, TOPOGA A &=
Aoz wktha 7 skl

O’Loughlin(1936)¢] 7

K

A4} (steady-state condition) se-A|9F 7ol
vt o 2 G5k 27 FEsto| A & YA o] 853 QAR ANt A= AFe] E
st AHE dSsr] fste M Hom 23 JEE oSt A2 Ao, A RS

s FEE dSste A WEks 2ol d7] "t o] % B AFEo] NEEHo B
ko] HE&AEHE FHotelE Fodx da o851 YrH(Bardossy and Lehmann, 1998;

o)
Western &, 1999). 28 52 iiA] Aol gk JApd ] 7joj A RojFa gl

\

z

2% 52 & Aol i AR Zjefu
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Beven and Wood(1983), Beven %(1984), ~1#] il Sivapalan 5(1987)2 7
=7 e, At ol oste] HdAHom tAHE AT HEo]l Al
o, F99 Ao H iolA AR FE=F ¢ e 2ol FojHT)

g =AuR

A4g HE2NT Tol

Mo

z%,q sﬂotq
w; = A/tanf = 1/q, (5.14)
AN, w, + FRAF], B2 A AAL
Montgomery 5(1994)& 7]o1$-%3t 9ol o] Eapaefol Aol o] vz 2(5.15)
s} o] et
(5.15)

w;, = insi/bi Tsing

A7NA, T FHEAFL2T-1], b, @ T4 w9 Z[L]

L
ok
X
i
)
m
o
B

F8A% wrt 10
F7h Zolel merd Agstka )
$oli ohelst ol 2 & gtk

w; < KsinBhcos3/ KsinBzcos 3= h/z (5.16)

D ESFEFAFLT-, b 23 Zol[L], 2 0 BAL
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FaAT w,eE AGI5EFE 7T F i w, T HdUgkd 1.00] =2t A 327HA
E3HE 7] Wl fFEol LA "k A ((G15)E A ((G12)d HYsE @9 Tl
Zolo] 3t FEMA ] vl 21(517)F o] AbAe] vty FH o] )

A;/b, = (1] q;)sinp(y/~,)[1— (tans/tang’)] (5.17)

Borga 5(2002)% #9745 E IF5S ¥ v 7Pgstal Algke] aEel
wEhA] AFARES ZHE A S Fele WHEdstE 58X 9 (quasi-dynamic  wetness

H
it

index)7} &% 94 4] (kinematic wave equation) 2458 T UeEs Hola
592 7] A (contributing area)S HIHOZ

l?_
Barling 5(1994)°] 7H&3 vbg et FHEA|F= Aol whebr gRapde] 7]ojd
o KeR

ol
>
>
ra
<
ol
2
1
o
ol
ol
8

Aol Watt: AL msor, AA4L4 8L st Darcysl WAL e
2
dH
g=—K— (5.18)
ds

71X, ¢ ¢ FELEILT-1], H : S50 FNA 9 st F[L]

AR EEE V1 Darcyel WAL T3¢ /e B 540 #dsw, ¥
AL 7HAY, ghEE Wl 2otz EA8t e HES AA R o
whek At AAZE A FEA AAReE 2o 24(5.18) thSat o] yEkd £ 9l
t}.
q= Ktan 3 (5.19)
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v=-1 — tanf3 (5.20)
n
A7NA, n B 5[]
1T
‘\\_-_‘
vy

o T

2% 53 Az-wA 3

AFAR LA S7AH U4 520

| Ktan dl (5.21)

o, AE Aol r,2 AT, Aole] A i HNET §2F ()9 w3
AxssEel Aol h(0)E e ol vk 4 vk
qt)=rA,1) (5.22)
q(t)
ho(t) = 2
( Kt (5.23)

71, A,; ¢ ARkl whE
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o))

)

(5.24)

- n

i=1,2,

1

2

A, (t)= ZAW/ b;

(2002)= 1<k

Coulomb®@| F3kAH

of thd

o

=y

A o] 7] o WA [L2]
Borga

tom, 2(5.23)= 21(5.10)

S

< ol &

Al
al

Ho

&

?l_

(5.25)

& F7}

|

tang
tang’

(1_

sinf®, 2(5.22)9 AZHAE r
Y

sinﬁl

a7 "ot

=

=

S

L >
Aez — R(t)

HA =5 f1aA = aA

A&

3T
ar

shar, 21(5.23)9 FF7AF tang

[e)
b

o

1 9]

4

Tor

59

|

Zlo

?l.

e

[e)
A

s

tel AT A&l AlFtel webd W3}

AR

(5.26)

r(t—7)dr

t) dAei (t)
dr

qi(t)zfo
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P 2 (5.27) 3 2

9

e

[e]

21(5.26)=

(5.23)°1

Al
ol



r(t—7)dr (5.27)

oI 71, r(t) @ AIZF DAt AFHE, 7 AR W ¢ EF0l Tdse AR

AR, Grideld At AFA&ol DASA 2w, Pl Ae] Jelsi A
o MGk dgsthe, FE FRAEY JeuE 4,7t FdsteE s ma
IAE Qlele) Ao elate o] BE 4 Atk o] AL ddele] WEel g Apw o
AAZL G2, Aol £9F wite AEE W RelA A mep B g
A Tleqw Aol ohel, Ve Fon FaAFE T drh

ol% a7 Slekel A6 2 AL Bwehd 2eHE ARE T 4 A

o 277k AT Gridl A ] Ade HESE slelme] ofd 7 Al zv|w
of & WEol, 4 (52009 4,(t)E 7 Ae) wel WA A2 e & Ao
whgbA zZb Ao 7]o]dtE e 2(5.28), E3tg o= 24(5.29)9F Zo]l yEld $ )

t dA,
qt)= f r(t—T1)dr (5.28)

o dr

n(t) = [

((t _Ktanﬁ . dTTt T)dT (5.29)

g AR EH 71HY ALY S 29

Montgomery and Dietrich(1994)= A E F-ZHA EIIJEE  d=3e
TOPOG R &3 FAHIA A RS o] &3t Aoha A8 S AAISAT. Pack
S (1998)2 &2 AHAtEle] 1A S o 53k SINMAP(Stability INdex MAPing) 2%
= AR, 1A AR 2218 FERES Ao, k& 3
Al AP AAAG(SI, Stability Index)& AlAske] At o] AHAHE 6714 1FOE E
W At

I % mFoA = SHALSTAB, LISA, SOILS, SMORPH, 2@ i Inversion 238 %
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S
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.
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d 54

}o] Idaho, Payette®] Middle Forke] 875km>2] &<l 4 559
P Aol WA 8E dAolt.

A& A (Borga, 2002) ¥ Eo] 7l A

Al

°

7

A AR el f1AE SAA R

R

L

o 2]

=

(2001)

[¢)

o] ¢lo] A, Montgomery and Dietrich(1994)

1

kel
=]

ul
44
A ukF A

’

Van Westen and Terlien(1996)
S|

Gritzner

Fol Ajtom FA ] At
3}

(wetness index)el]

E]_I_
o]. Z]

KeX
=

zel

x
ol

tol GIS 7]

S

R I

(2001)

=N
o

= AZE SAEk

L

L

o] A
(2002)

o, H8A
A, A EA o]

0
i
i
o

£
B
o

i

uj

N

fohd

0

-

A
o 3%

B

x
o
frvze]

ARAREI AR ZE Qs Stell

0ol A 12

=

=

H, old F&A
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o
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o] Wafol] of

=
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A=7HA Al
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il
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rvze)
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o
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%
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71 &A
TOPOGE= A& %

W z2a9 2 JEY 74

TOPOG+= Fortran®t C Z 213 Qdoj& wh5ojxa, HA| 7|4 = UNIX 922
ol ZIukel A 7] &t

TOPOG+= = Al ‘Steady State Water Balance Modeling’®} ‘Dynamic Water Balance

modeling’ &2 T =00 vt 1 F AAE AFE FekE ZE O3S ‘Steady State

Water Balance Modeling ol £:3+t}. ‘Steady State Water Balance Modeling' & <=3 3}
= 23S “TOPOG_Simul'elg sh=d ol ¥ 513 Zo] FAFH Ut}

K

3% 5.1 ‘TOPOG_Simul'e] 42 7+7+e] Ab¢

T 212
Steady-state drainage index
radiation weighted drainage index
Uniform Excess Stream Power m?/s
Variable Excess Stream Power m?/s
Erosion Hazard Index m?/s
Saturation Flow shear stress dynes/cm®
Hortonian shear stress dynes/cm®
Landslide index (Critical rainfall) mm/day
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(1) AHAHE 91843 ASF
R, AHAMHIE do7)7] st HA AANHE A9E @i (Montgomery and

Dietrich, 1994). R, > T3 o] Aol

Ps [g]_l[ B tanﬁ]

R, = Tsind o tand

(5.30)

el Aol o) gk AL A} g2 Ihi 9 FEHE AFET

(2) B3 doEY Q2Fe ol
TOPOGE &3 &%t dolHE2 ‘TOPOG_Display' gt X =13 o&te] 3=
F gtk 1 Pge e 2

- Xy data points

7]

- contours, streamlines, roads, fences and polygons

- terrain attributes such as slope, aspect or potential solar radiation
- steady-state wetness, stream power and erosion hazard indices

- transpiration rate, water table depth and soil moisture content

- groundwater recharge and depth to aquifer

2) SINMAP(Stability INdex MAPing)
SINMAP R.T. Pack ol 93] 1998 d 7ltd, A= 2o xg|sta Ao
719E T3 AFHCOIAA Xl—r-;z | XF3F= Arcview extension©]th. SINMAP 2499 3t

AlE 84 2 o Al = Mohr-Coulomb 3}2| 7] &S 48319, W2 AAL] XA

Hasta Foldy RES AlololA] EAYsth= ZhA Skl FEALA A A Q] Sk ) A A
S AHEEe] Y EE B4 e d(Hammond et al., 1992).

OR EDER
dARPANS oz FESW AG3DI pow, 7hzte] Q] Solrte
WyEel dalAt 19 54 mAH ] gtk AG3DAA Age] Weld oa ww

N AT F Qi AVATS RARAA(C, N/mDolehn 4 5 ov], BE
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zapA o] A WEeEts A7 O (N/m?) B ¢(C)E X4
bl = gad 3 Az
Jom, xEFe] F 3 ¥3td FEFTS FAE D

=~ -
gojar. Fo| ¥R FFL 4, d1 BAT & ow, 2o

FS=

9 54 FAFEA ] dHGAol o] A

C. + CS+00520[75(D*Dw)—|—(’ysffyw)Dw}tanqS (531)
sinfcosf (v,D) '

SINMAP R g A A|&te] AAwe FAE dF37] ste] x3t a5 da] &
o AAwG Agre 5L AWe AAe BAdts TaAu A a4 58
oz Ageglen, Sgon §EHE MERL IwdAd fAdHE AT Bre
A4 aeel 71 sl Dareyel WAL Agetel w3zl FAD,)E AAAAY
o 7] A

h = Dcos# (5.32)
of o] FHG ol wel FSo o] T3 o] zheFa| xt
C+ cosf[1 — wrltang (5.33)

FS=

sinf
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ol 714

w=D,/D=h,/h (5.34)
ol o] AL Ad HHEE et dAYe
c=(c.+¢c,)/ (hy,) (5.35)

2 2%d 5 9, =3 Fof dmvlel osf Al Fakd w@hd

= pul Py (5.36)

g WEo ¥ 4 9t}

&2 1 A3lge ZEL AMH AAE mEata e UL o= Helxe B
£ 7]9¥ 4 (Contributing Area)e] B @<= (Specific Catchment) a(m*)2 FA=E
JoS vt v, WHL 99 SFTFAY dold gisk ag=Ade 509 E
wHog Aogg 4 gl=d, o] w74 Beven & Kirkby(1979)0] 23] @Azl o,
ol 2 St EETS HAd F A 2R e ok fEFo S

Fdske e FE} 2dEd 23 #AE 2 ItHTOPMODEL Beven &
Kirkby, 1979; O'Loughlin, 1986; TOPOG Moore et al., 1988, Moore & Grayson,
1991; THALES Grayson et al., 1992a; Grayson et al., 1992b). o]2]3dF Wd& $H3}
T Aol e =2 B 78 £ AR Al g dFdxAte] AaRA, £H
el A el A Alzek= 7hd ARbAQl ARAE ] EARel AFE-H of $krH(Montgomery
& Dietrich, 1994). & X3} 55 SlojA, Sz FEH= At 7dF2 75
279 (Soil transmissivity) 7' (m?/hr)E o]&3to] £8=2 4 tH(Pack et al., 1999).
TOPMODELe®] ths}e] vh53F 22 7 e] ot

oN

=

O AL ol HelN 5EFC] 7]
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@ 7k el e S fFFE Tsingolth A7A Te FFFASF (m’/hr)2A 5

n

Specific Catchment Area a=Ab

Unit contour
length b
Contributing area A

.

a9 55 MgFge 4ol

_ TLM (5.37)

Tsindb = K,Dcosfsinfb (5.38)

b+
sel FW e AT JlojuAe Fom ¥

Ra= K,D,cosfsinfb (5.39)

%)
e
Yo
lo
e
Y
o
o
i

Aloltt. A (5.38)% (5.39)& =%3stH A

ol

brel FAE e

_ R _a
D, =D (5.40)
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$1e] TOPMODELe®l digt 714 & Al HA &5 FFAT7F dasva 7 8kA
e Aol A UnkA el TOPMODEL (Beven & Kirkby, 1979)¢] 7F4 = th=t}, Al
A

Jois oz AU BEFHL Ve #ES FRAFE bgac £5 o714

Q)
£ AL okl Ae ZoAe Relrlsteh 1Y F A WA FEAA dr) FEEE

ge3 2.

o Ra

w= Min( Toing (5.41)
Bl FaEEE EYS ol HAME £ AdA ZolE Ao, AE FF ¥
del oW z3 bl odlE AU FEEE: 1wt 2 g AAA endh 4

(5419 dd F8&5E 2 (633)% AFstd FSE v 2ol xdE F Uth

C’—I—cos@[l—min(%ﬁ,l)r]tanqﬁ
FS= . (5.42)
sinf

o714 O, tang, r, R/T <2 4= k<l dol wa), ¥ o9 = DEM AI==
PE Qojd gtk WEH e A5 AR AFHAAW, dA A e g gk

2S4S S Ogu 2o #E S Brw mdd 4 o

rlo
;«;
;

R/ T=x (5.43)

tang =t (5.44)

C~UC,C) x~Ulxyzy) t~ Ulty,ty) (5.45)

ot t gk oA Mg AL} F O, te 2 T AT F, S 2,9 A BE
AAE FASte Alud e T 7HE B A2 Aodd

gelstd, SINMAPLS A g4 A 2 54 fAadsel e 49 g, ddid=s 2

= A5 548 AFssts v B SEAT 22 VI FAAZTE AY HEA

e =Fd Wtk ols vwislWe A4 didA e FA =9l BEAMEG o
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A

e
ol

s

HZPEH AEHoz 7

o, 1 %

Ao ER FoH =

ki3

tel <k

S

= 7H4
(74 erg) Abole] w9t

B 31
- Xt
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M
B

¥ 52 SINMAPS| tAA Ao & 55

7 - e R EERE
=) 2~ o - = © o=
SR A5 4 e 7V o A3l A)
Range cannot Significant destabilizing factors
SI>15 |1 Stable slope zone ] o : i o
model instability |are required for instability
1.5>SI> Range cannot Moderate destabilizing factors
2 | Moderately stable zone ) . ) . .
1.25 model instability |are required for instability
1.25>SI> ] Range cannot Minor destabilizing factors
3 | Quasi-stable slope zone ] . ) .
1.0 model instability |could lead to instability
Pessimistic half of o
1.0 > SI> Lower threshold slope ) Destabilizing factors are not
4 range required for ) i .
0.5 zone . . required for instability
instability
Optimistic half of o
0.5>SI> Upper threshold slope ) Stabilizing factors may be
5 range required for ) B
0.0 zone i » responsible for stability
instability
Range cannot Stabilizing factors are required

00>SI | 6 Defended slope zone » »
model stability for stability

W 2239 2 4Ey 74
SINMAPS XA %= 4o Agss Fro] 7|uks Fau AMHAA 255 ALt
3t Ax3FEE TEaHdor Axg 71Hre  Arcview(ESRI)  extension©] t}.
SINMAPE ‘C++ =z olo] 7jutom o]Fojxgon 7]&¢ TOPOG Ed¥ e
Sl 7IRke] GIS ®do] opbd A rwke] tAd A g wdo|t
Aol ARARE Ol TR P& S AlLtEY] SIS e FAAES A EFAZS

HE gheol gty o= % 533 £t

it
o,

O
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3 5.3 SINMAPeA o] EAAF J=Egha 7183k

4 # 712 gk
FEA7EE (m/s?) 9.81
7ol @915 Flhg/m®) 2000
Bo) w915 Fhg/m’) 1000

S-A Y= g o F () 2000

T/R (3 ) () 2000

T/R (3% 30 () 3000
AHE(C=(C + )/ (hy,)) st g () 0
AHAH(0= (G + C)/(hy,)) B ) () 0.25
ek (g 7 () 30
ek sk w) () 45

S-A a#= Fo FHAF A4 (%) 10

(a) =5 W& (b) ApE A=

- 144 -



(c) A A= (d) td& A=

L
?-1"-. A PTO T fa

(e) ¥3t% A=

1% 56 SINMAP =49 23}
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08 57 AAE-REA g E

3) SHALSTAB
SHALSTAB< 19944 William E.Dietrich®} David R.Montgomery®ll & 7§2%

A8 A mAA, Aw Bergy AR e Aws s mdold

7h) A o] &
SHALSTAB®] o274 w72 FaAbd ol FEmdelgor prolAH
HEHoR F o83 AgdonA Edllo] ehddr

(1) F3AE B ol 2

SHALSTAB-S Mohr-Coulomb 3}3] o] &0l 2|3k 53k AL g2 7]ukS Fr}
7= C+ (0 —u)tane (5.46)

(¢
W
iul
£
o
s
N
o
i
o2
jutnt
)
)
rlo
o
rlo
oL

=5 N
1=
W sy dERe, 1 gol W w

=, 3 T
ol A¥E 7FALth 2%7] wFo] SHALSTABolME dA&8e] &8 2hA|sta v
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(5.47)

(psgz00529 - pwghCOSQe Jtang

psgzcosfsing

-

water table

failure plane

h/zol o

ERCE R

t;,—l_

u}
=

brol 2

dowozRE e 5

h L
y L

(5.48)
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Ak

poundary
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Darcy <]
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7+

(5.49)

qga =k hcosfsinfb

(5.50)

zcosfsinfb

s

=k

Tbsind

</

X
=0
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(5.51)

T bsinf

2] A%

(5.52)
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3 SHALSTABS S3HAH <t A o231 shnds A
o] ¢/ T 7ol logE Zsle], 1 zteo] Wale] w= AbA <l
@ gt

o
o,
off
fl
tilo
£4one
o
::I‘
m
o
FH

[l Unconditionally Unstable

[l Unsiabie 2 0 50 w0
. Stable  Cortcurs Sm Crid m,p 60 pht 6

B Unconditionally Statsie

(a) log(q/ T)= —3.4

W Unconditionally Unstable

B Unstaste m U m win
[ Stable  conors:sm Grid om0, e 45

&) Unconditionally Stable

(b) loglg/T)= —2.8
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log(gM) = 2.2

Unconditionally Unastable
Unstable

Stable  Coctrurs: Sm Crid: Im, e 0 k45
Unconditionally Stable

(c) loglg/ T)= —2.2
a9 512 log(q/ T)el w& AL

4) LISA
LISA(Level Stability Analysis)E 7|2 %

g AAAeR fALE Ao date] A}

=)

7} wWAolE 2 =3
LISA: Abss o] 75

g VS = FEE

_ a" + C; + 0082a [qO + ’YmDm + (vsat - ’Yw>DW]tan¢

F
5 sinacosalqy + Y Dy + Year D)

017]}\1y C. = A =e

%94 ™= =, (o

Ysat ~
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Histogram of natural slope factor of safety
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Model .
GLEAMS HBV9% HSPF Mike-SHE
Items
Agency - USDA - SMHI(Sweden) - EPA, USGS(US) - DH(Denmark)
AR ARG “AAeE “AAeE
Rainfall - WAREY e - nEd g g - afel W R
ststel 91 vEg Qi
S gRAAT 0§ — AN A EEPEEEEEE ~AeAR ad
Interception A5 e Aeks o - Rutter model
K-J model
X ~Penman Eq. —~Class A Pan .
~Penman-Monteith Eq. . . ~Penman-Moteith Eq.
Priestly_Tavior B ~Thornhwaite Eq. Evaporation The Kii J E
~Priestly-Taylor Eq. -The Kristensen-Jensen Eq.
) } Y a —Prestly-Taylor Eq. - FASLAEFS o] &3] ‘ 4
- Ritchie Eq. _ - N - AA TR
op R gt i) o) A5 ARFZOIALE DS
~ WA 2 2 (LAD _ o QAW AAF(LAD, EFF
. S b ek, BEYAE A, EY ng
S W
Evapotranspiration Sz)o] s A4 Zubabe T o
A&l o3k St
4
EY St
AAAF 20
FHsd
-SCS FEFAA 4 27 EFAFE i SEFEAY, BERFEAY 72 | -AWAAE 1Y
37129 EGFE AME |- AT EGAFSAA AR/T|- AARSE Al Ao -Saint Venant Eq.
A7F T2 TfrE(EFATZE T) S50l 83te] ~Richards Eq.(1-D)
B S EYGFEFA |- AFEAA ARE Chezy-Maning Eq. A3t 32k EEE
-AFE3) - AF50) B R S 2 A
2pehA] 2pehA] e *ﬂf’r% 3)
Runoff - ASAFAEAS) s - E AR AFASE |-
A 5 A fFrage AFg
- AFF@)
kA F
RAA 5
EdF AT
A sk A
. nAg el gk st 9 AgA e EHHA Saint Venant Eq.
Routing R s
VS AFE ol FAA
Parameter - FeAgRey - HSPEXP
Optimization - Harlin method - HSPFParm
- CN°ﬂ o3k Exelgel|- ake] x| wmE FE|- 2F9e] EAE - AEUHA, EXl g u
EERERES o4 afole] weuge o WAYEHANEL £ fEvs no
Landuse Change g Eojo] g Wslr o AbEEo A EA o]
& Wt o3 F&
Bol
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TExY
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SSARR SWAT UBC
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“ARTF 2 EAS AR AR
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Interception A
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(ROP)ell 9J&) & A4 ~AEH Aol wEl CN 24 ~Fast Runoff
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Runoff -A{FF5) NAfES AF/EE Askr AR
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A FE2)
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Parameter SEYG 3 EAol g wE v
Optimization dlo] el o]
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MODHYDROLOGY EPIC XINANJIANG
Items
Agency ~Melbourne Univ. (Austrailia) USDA(US) -Ho-Hai Univ.(China)
A -5 SEES R
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Az o -Penman Eq.
A= Al s = il .
© © ~Priestly-Taylor Eq. Pan Evaporation
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Evapotranspiration Egdgie g . .
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(5.53)

q=—kVh

A 4% (hydraulic head)

E = T A4 (coefficient of permeability)

A7NAM, ¢ = 9 WA FD(specific flux)
h

wjr

2

(5.54)
o] Ael
(5.55)

a}
5} A .

°©

ey

[e]
quts

=

=)

2~ =
A, 2o 35

.

1

ato] B 4(5.55)

S

dH
dz

(em/sec), H

o~
T

2 (5545 T4

o

75

L

3} F4=7)4=(unsaturated coefficient of permeability)®]il, hi =2

e, A (Gs)ez YdeErE ¢ 9t

S (em?), k

2 yehdr} Buckingham (1907)

9
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q—

[e) U]H

(553)%
7] A,
A7IM, k= &

Z] o
1 =

o7b= &

2z 5

o

Ar
ol

)
E

)

KH

1(Richards, 1931) 34

kR
2}
)

ol AR Ert. olwf Darcy®l

o))

(5.56)

s Az whe 45560
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0(2,0)=0,, t=0 for z=>0 (5.57)

0(0,2)=6,, 2z=0 for t >0

h(0,z)=h,, z2=0 for t >0 (5.58)

A7IA, by & AL ST, 6, ol sAiFsts A GFFolt. o FS F

Uk 2ol vEbd 4 Sl

)
5

N

R

T
rlo
e

1) =kt+ [ 16010~ 0,)az (5.59)
0

7H Lumb £& W9

2 ¥3FEFATY #HY 2o B 5 Qo) oju xstE X|Hky) ofy] REEo] Exs)
H FEAlolo] WME3 & HdAS JPASIH HEAAY HEZole thed o] yE
Y 4= 9t} (Lumb, 1975).
Kt Kt
= = (5.60)
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(5.62)

(< = S

S

AFH(HE LA

¥r
Mﬂ

B

W
N

el

o)
X
X

of)
s

o

(5.63)

3} o] 24}
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j=

o

R

of A, 21(5.61)
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(5.64)
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LW

h1*(1/1

|

ek o] py=00°]9 I} LS FAEE FUh o] AAHS W 9 FEs EAld

b o

—¢— L3 2t AG63)A o

iol)

(5.65)
(5.66)

|
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F/AQe1al hy =05 2](563)° d

YAQ+ F

YAO+F
2 A(5.66)3 2t}

d
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o] L
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dt
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a3l f=dF/dt °]E2 2(5.62)
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[(TQWAH)] dF = kdt (5.67)

of ¥x, 9% & Pasie] yehy

F+yA0 YAD B
[ pRo - e | (5.68)
HAh ol & v A &Eehd,
F, wAe
/0 (1= o) /kdt (5.69)
F(t)— A [F(t)+pA0]—In(yp AO0 = kt (5.70)
F(t)—quH(l—i-jX)e) kt (5.71)

(¢

21(5.70) == 2 (5.71)0] T3l oleF o] 3 Green-Ampt 2] A A HF
2ol A (573)NA FHAAFESF(HS & = At JAFH(He HGT3)AA I F

UL, TS AG72)NAME A F AUk

AZT hyE FAE F S W, v—hott AG72)F AGIDAA o A7 %

_ _ £(t)
F(t)—zwAH—kt+wA01 (1+W) (5.73)
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t}) Chu Model
Green and Ampt(1911)+= A 3%+ ponding® o] il &% (wetting front) o] 7 -
shi= EHEeEtA T E %%1@011*191 B3 9 ol wE x7] A A g
0,)7F 445tk 78 shell Darcy®l WA & o] &3t

(volumetric water content,

% mae AN

Chu and Marino7} #|¢kgt 5F mdlo] Ak 2= N 719 2 A glo
o AN K, Ky, e, Ky ol FEATeE 0y, 0, 0, 0o 271 AAEEE et
ol & 5169 YeRH AT v A 5ol dist I F A4S Chu(1978)7F A|qtst

A=
Wk $U5 pondingel WAT AFsh WA D& 92 vhrol A ok
pa

¢+ EE i, Ao AFSS fob o A 2 F oA AFeE g 2

Wetting front

D i>f¥9 4% (surface ponding case)

Z _1<z<Z 4 4

n

Z+¢mf,,
fz: n*lZ %71+Z_ZL71 (574)
=1 K K,
n—1
F,=F, +(—2,,)A0,=Y(Z—~2_)A0,+(:—Z,_,)A0, (5.75)

j=1
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F.—F,

to=t, + M”( Z, )+ Af ["212( L L w”‘f"]l 2t Yy (5.77)
2 lp— T Ly~ n i\ - n .
LK, ' =R Ky K, " Z,_ 1t Yy

ANA, 7, 1 jFe el (L)
Kt jEOIAe 2eEsA% (27 1],
sl (1],

Gy nee FEAAAAA ] BAFSY (L],

3
3
|
—
ol
N
B
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I
ol
ol
rr
=
i)
Ac)
rr
>,
N
N

Z =31 piston flowsS A ko,

f.=i (5.78)
t
F.=F, + / idt (5.79)
tn*l
F.—F,
Z = T+ an 1 (5.80)

2}) Pradel-Raad =4
(1) Green-Ampt =99 3

A

Fege ATsoln da YF

=13 1
o HEF IA ol HWAE Fo 74 ZFF(cumulative infiltration capacity, F)o] 2}
e}

s Qlele] AHESH Folzl Fol FU & At wAWNAY A RIS on @
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55 (infiltration capacity)oll tlste] thg3} 22 2o gt}
lim£(t)=0 A= lim£(t)=0 (5.81)
0 0
limF(t) = co =1 IimF(t) =k, (5.82)
t—0 t— o0

Green¥} Ampte A2l W o8] HAFTS #3517 Y8 1299 92 3 F
o q

2 E 0Za2 AGsant o nde I 44 58, 34 AdNAY 94w

T =
F52 Green® Ampt(1911)7F 3 21(561)3% A3}
toaga AR tellM e AR FARFEFoRRH E‘r%ﬂr o] Green¥t
Ampt(1911)7F 73 4 (5.73)3% &<

Z3pr7]7] Sl Fad AP e 2es & 5 Ak

A
T,= 20 2z, — YIn (

=) (5.83)

Bl

(2) Pradel & Raad Method
Darcy?] HAS 7|22 H5F gk sk 2do] Green?t Ampt(1911)ol] 2|3 |
AlE ST o] RS BX3tE s5s EE 3 A ol v & o vjg 3
2 # Q1 o A o] tH(Wallace) 1975).
58 Green-AmptR2 23 AdEE 2o FAL B FolA Brakensiek(1977)2] <

TR 7] 2] RS AtEdTh o] RE2 v JHE VxR

- 171 —



(1) &e] xWo] AlEAoE Ao gt}

(2) T3¢k Wetting front’} )

(3) Wetting zoneW F<FA14 k& A7rol wpg} WEEA] k=t
(4) Wetting zone 9ol 483 S(negative)® ESto]l St

o o] uwel Auk 2 Zlo|7kx] EdhE =l BRF AIZFE 4 (5.83)& ARE8H]

T & At
AEAZELE 2,744 Aol FstE=dHl AEs HAARGYG F FHolRg oF
Tnin = T, % 3] #AAAS FE31H @)
AY v+ z, )}
Tmln - k [Zw 'l/]ln( w (584)
AN k=F5A%F, p=RHFFY, 2, ~AFAEm), A=FFFALE, T,,=2,7H

ol2+=d Zg = AlZHmin)

Vi=k, (5.85)

ol X3t Aol mafopnt vk x5ke 7] 99 A WA =de A7 A
& VEY O Aokt gtk F WA FHle e T,R0 o e A&Eofopyt
oy, aER o] 2UES T= Tyt 7= V9 2ol yetd = glt) o] 714L& 2,
Zo] 7hA ] xshE 7] 9k Hage] ezt

I

Tmin - Tw
[min = I/z (586)
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2] (6.84)3 2(5.85), 2(586)5 Aeal roF TCH5AEHA
Ehid v A4 (5.87)3 2t

B
il
53
i
ol
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rlr
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o
it
i

/= AT? [z - zpln( wz% )] ( S M}) (5.87)

AR 2ol glolA A el ola) o] Ayre] LHE A opdA PEF Lot
lonm Ayt £4A57h AR SA Sy )BT Ao Aue ¥R gt

7}d3ke] Pradel®} Raad(1993)ol o]3] o} 3 & 2](5.88)0] A|<t=| At

=

” (5.88)

Zy ) N [zw—wln(

khm hm( 2, + w T

min

"w}) Mein-Larson 2 4€

Mein®} Larson(1973)2 T3 77970 = ot E@Aa 1 o] 9o HFo| st

B KA6¢f
_ K5¢f
W= o R (5.90)
g olo] Yl Ate e gt
F
P (5.91)
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(7}) Bishop(1959)¢] | <t2]

o] g3t W
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H Terzaghi9]
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It} Bishop<]
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21(5.92) 9
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¢+ (o, —u,)tang’ + (u, —u,, )[(x)(tang’)]

A Azg q7
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(4) Fredlund(1978)<] =] ¢t4]
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Fredlund
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@ Genuchten(1980)<] A o2
Genuchten(1980)-& Mualem(1976)9¢] o] &< u}
TX APAINE didete] g 22 544

4, = B
A FEXIE AdE dgstel 258 SA4AY 22 A%E Yehdh

=0+ — (5.96)

o714, a= 7A@kl WAEE EDET, be FA o] wAuris Ay

WA= B2, e ARl dAsH= BEdd gl

® Fredlund and Xing(1994)¢] A <k4]
Fredlund 5(1994)2 1,000,000 kPao]™ A& st=H]7} 0°] Hthi= 74 3SlollA g o
TR A3E B4 S 22 5434 4S Askh

0,
0, = C(h) e (5.97)
{ln{exp(l)-i- %) H
ln(l—&-hi)
1n(1+ }?, )
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D Vanapalli and Fredlund (1996) A

Vanapalli and Fredlund (1996) 52 &% S5-I ¥x3} AdAd= 45 o

el R¥sEe) AUREE o367 19 0ad $58 Adad
7=[c + (0, +u,)tan g’ ] + [(u, =, ) (6" )(tan¢’)] (5.99)
AN, ke FAAAY dFE 3} T A AR 5
n] gk},
@ Vanapalli(1996)2] = <t2]

Vanapalli(1996)= k7S AF&3x] &

A k3t A

]
i
bl
ot
i
Lo
R
ey
o
k1
£
A\
o
e}
=
ol
ol
1>
o

9“':5* )tang’] (5.100)
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21(5.100)+= E3t=, gHEnlel s FAE ¢ glow Hl=d Aol ddA
=] =
T =

> = - =)~ 5 ~H E
d o dn IRAASE s F-E S H0R

@ Oberg and Sallfors(1997)2] ) <t2]
Oberg and Sallfors(1997) E#o} HE & AR Fo| AT

PR Arak gt

[elale}
7=+ (0,—u,)tan¢ + (u, — u, )[(S)(tang")] (5.101)
21(5.101) Bishopel <3 Add y#HS == thal & 5 glom, FAA 3
HARPAA EslEo} At Ee] SAHS T3l 24z FHE F 3o
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W sin & cos &

F_‘ =
9 520 BESES FIAbd a4

9 5209 o]l AAME ol WHEEE Ao A JhAde] shyjwe] AWy 38 sirhal
ARSE 2ol 2,99 FAEE T 2ol A F 9

+ (o, — u,)tang’
F _ Ce (O-'n, U(L) an¢ (5.105)

s Wsinoa » cosa

714, W(=7z,)E @9 F5 7k AR 7, (0, —u,)e ATHAAN &F48
H e BE¥3 Aute FEHFY o R Fredlund 5(1978)0] <& At A7 =2

S AbESt ohg ol vERd 4 ot
¢, =c + (u, —u, tang’ (5.106)
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(2) A AR AR o2
Darcy o W3 A%ugAozRE A A5l da Aggae g

Zol A5 4 9Jth(Richards, 1931)
% _ 0 {K(Q)(ﬂ— 1)} (5.108)
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U AaAE g, A3 EA BY
1) 53
AArbde] st ARk & JApet B-w7] Abolo Al g T Fgow ¢
ato] IstESL= vl e AESA A
2 EASE AAAMAS FFS Fgsty] Sl wEAl agsop sk ANk 1f 5

=
4ol FFEAIAN FEES BAY AF DS AAsuR B,

2) Ag 2 A4
7H A=
Aol AHgE AaE A7 A AHAT AsE FAEFHAY SCo & d =
#200 & Fo] 50%olatolm, A iAol AHHE Agio] FFE FHolth Alsed did &
g4 ddLE % 587 T

F 58 AR 84 54

LL PI Grain size distribution(%6) Y4
Samples G, | 476 20 | 042 | 0.074 e UsCS
(%) | (%) m/m | m/m | m/m | m/m | (t&/m)
A 4292 | 1295 | 2.747 | 99.10 | 89.93 | 53.13 | 13.75 | 1.516 | 0.802 SC
B 32.67 | 10.06 | 2.689 | 93.23 | 80.04 | 4889 | 19.70 | 1.296 | 1.075 SC
C 32.33 | 10.11 | 2547 | 96.57 | 91.44 | 56.47 | 20.03 | 1.297 | 0.962 SC
D 43 8.6 2.831 | 99.32 | 88.80 | 54.68 | 23.85 | 1.496 | 0.884 SC
E 3054 | 1040 | 2.659 | 97.70 | 76,58 | 4832 | 1354 | 1.575 | 0.696 SC
W) A@y
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h &-5% 5434
FAA FAL 2A s Aol BE AR @ dFL A4ANL F AAW, T
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¥ 5.9 Brooks'’s equationol] A ¢ A4

Samples Sr A (U, =y ),
A 8.59 1.20 15.80
B 4.48 1.34 21.74
C 6.70 1.42 26.32
D 11.66 1.28 20.50
E 5.14 1.48 30.08

(4) Fredlund and Xing(1994)¢] A4 v x
AA gl E FA8H7] 91814 = Fredlund sol Akt WAAS vfgos A3
13 A

Foto] ackataith #5108 7 Amel A9 ARE w

¥ 5.10 Fredlund and Xing equation®l] A 2] A4

Samples a b C hr
A 15.80 1.20 2.51 1300
B 21.74 1.34 1.79 3000
C 26.32 1.42 2.53 1000
D 20.50 1.28 3.64 1500
E 30.08 1.48 1.35 870

W) AgAd=
4988 50kpa, 150kpa, 300kpal = Z+2}

E3 J
@5t 212he] FEgel wek FAL Okpa, 10kpa, Skpa, 100kpai 2elstel 45
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Deviator stress(kpa)
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(a) &= %% 50kpa (b) == %<t 150kpa

——Suction Okpa

700 M —m—Suction 10kpa
—&— Suction 50kpa
—>—Suction 100kpa

500

Deviator stress(kpa)

200

0 3 6 9 12 15
Axial strain(%)

(c) & T4 300kpa

a9 526 &1

Jb

oF Wstel mE 7 FAHAAe] MPFE o FA89 (Sample A)

(2) BEX3ES AAxgdd 4 AEHAFY =&

9 5272 A8 Aol tlste] F<l=e] Okpa, 10kpa, 50kpa, 100kpad wje] v}»3rzh
e ZAE Zlelrh adeA B 4 9l Alm Al A FHe] Okpadl B+
22 o] 8126kpa, WH-vk&2zto] 515° 10kpa?l 4% A F& o] 16.718kpa, W3-v}2
o] 23.08°, 50kpagl -l &2 o] 42588kpa, vk 7zto] 26.08°, 100kpaq! 7
o= A #= o] 65.557kpa, Wi vHEZbo]l 26.27° = ERSLT

f
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(W) EX3}EY YRupEze W3

ezt B FQlde] Skskel nldg A o w Frlskdth o= HQ19e] F
et 25 SR EHAUL A¥ete] 2HEAR 7EstA Hol WyvEge S5
7tE = Ao® Agd) o] e A3 Wheeler (1989)2] sl A E] tidt o4 xs}
Krahns(1989)¢] Notch Hill A Ee] that A7 A A% B84 LhebyTh

2 reses O eosamen

o =1 e
e SarpiE

]

70 —|—B—Sanple E

i /.//‘
50 _—4
40

//I

Internal friction angle(deg.)
o 8

Apparent cohesion(kpa)

—

3

o

0 10 20 30 40 50 60 70 80 20 100 0 10 20 30 40 50 60 70 80 90 100
Matric suction (kpa) Matric suction (kpa)

(a) 324 (b) W& vwp2z}

i
=

0% 528 AVBE Mash Fg e

(4) EXZES FLEA
a9 5298 &=29to] 50kpa, 150kpa, 300kpael AEjel A FHel=o] ok Aue=
EAISE Aolth AAN RS HS &FE5 Y] S0kpad WY ¢ o7F 8.05° 150kpa®d u)

o

o ¢ o7k 1891° 300kpa¥ W el ¢ o7k 31.55°% YERWTE ol g FlHd wE A

Sl S Ee R X3 ool WE A 484 FA¥e gt 28
Ao ddtdn dedEs FAHol Skl wep nAdgHor S e & 5 9l
o FQlge] e A= Fkete W] FdEe F-F 5N
714 AZA (Air entry value)®] Aol 4 yERST @3 Fredlund 5 (1978)2 2%
AaA e Aazie A@gAQ AadAd =S 43 vp dAnt, 919 AFA3%E 1B
b AGGEE A8 wel A er Frhsks Aol oy} Ml A ew SR
< & 5 AT AP A FUHE Kol 42 Escario®}t Saez(1986)9] A4 Atk
Al el Aol M= vEbstt
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160 350
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]
3 200 /
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Matric suction (kpa)

E=Z9 dolHE 7FA i Vanapalli(1996), Oberg and
Sallfors(1997)¢] AIQFA & o] &ate] A =Eetar Aol o3k dole e v
Estdtk. 27 5302 &7ESel S0kpagl Aol AIEA% AlEBel  thsho
Vanapalli(1996), Oberg and Sallfors(1997)2] o&213} wlu HESIITH THAA &
T Aol AFolA Aozl FI gFgS AT AolE Kol AU o= ¢
glo] EA]sl= Foll Vanapalli(1996), Oberg and Sallfors %(1997)e <]k Atk

A4 Hgss YEAoE BuHy AF everd J1Fs B2
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pondinge] WASHA ¢&& A Ezpd o]l AEAA Fo] Chu RHEe] Mde f&

A A Heg ¥3ZolE d3dE AL Fouley Ard IFuE oZse] oo

A7 wel ek Zshzlo] Ak Al 27]pn| R arelstefof gt ol A4S ¥
FAE AEEAS AL

shel oheat ol

D i< fY¥ 3% (non-ponding case)
FEAEERZ A& xstgdo] AgEZ Xtz 0
vl o] ponding caseol A1 9] %7]&4H]

z=0 " S
0,—0, 10,/ = FEATLEAA o FH T
@ i>f9 7% (surface ponding case)
FZ,*FZH 1,
z= A0 +Z,_ (5.109)
A7IA, A9 E FREAZEAA dFHE 271351 (0,)F ol &35t AR ol
2) EEAHAAMY EAFFH
Morel-Seytoux 5(1996)2 van Genuchten(1980)2]  3F=E Al 3 41 (Soil-Water
Characteristic Curve, SWCC)2} 9] S5 gaRE sadddA e agass A4
& e HE v 2ol At
2
s = 0.046m +2.07m +192.5m (5.110)
(1+4.7m+16m")
1714, a, m : van Genuchten $HF57d =172 BtEy
o @ ZEUEA g3 JFEAH 24}
1) 4749
AT AL 7= Al AW Eavlel fiAeH AR drEeelr] 244H

vhetolnt. A el A=t 30° Aol Aoli= o 50moltt. AlFEAF Ak AME

A% Im7HA FAHES, 1~45m7t A= F3tES, 1 ot 3t
A% 25m7HA] JFAES 25~73m7HA &= FIEZ,

| g

o gus Fue
%ol —J—XHO]—)\I\»—‘D:] shke]l A

7 ool Esherol ATt
— 198 —



X

o

i of HT

T
=3

ME o 24
20
Lok >
lora=

goi U0

%

o

2 o

a9 531 @ EUE™C o JFEA 24 5=
7h % AT AS
AA e A= DecagonAtel  ECH,0—10% ol&3tdon Aldel 3wt
30cm, 90cm, 120cmell wiAstdch 17 53201 AAMe] WA=, AFZAF D AEE 9

A G

- 199 -



"| Ground surface

15m
«—>

Residual soil

: Box sampling

Weathered soil

BH : Boring hole

7 g A

=
=

% 532 Y AY A

..v_mo

A
)
=

) =

=)

—_
o

st o,

& A

;OU

Al

il g
<+

A

19180 @

7

=
=

3) FEALE BAIA F5H o

1
.

el Al Gl

SPSS12.0& AHE

Iy

B
N

o
TH
~O
o)
T
B
X
—_—
o

om al

a3

o°

TE WL

A
axl

3

Agatel o ahgct

A 9 89 S

2]

A gl ol

=
=

Z} A|Zbell A A

o] we} thzme wr)

2~ I~
S5

of
e

|

ko] A

o Zolol ue

+
_Eﬁ
s
m
o)

—

7
T
op)
Az

o] Fah%5A 55

oA H 5%

21(5.111)
St #he MR 3] A A AAFH AL

AT

S

o A

- 200 —



® 511 BEE AN o @ vpas

Depth (cm) o 3 ol ) const R
30 0.067 0.272 - - 30.181 0.889
90 0.035 -0.053 0.855 -0.047 4779 0.868
120 0.015 -0.030 0.620 - 13.157 0.646
0=aR,+ 3R +~0,+ 5t+ const. (5.1116)

A7, R, : FAAFEF (mm), R, :

4 A3t (h)

FeAE (mm/h), 60, 0 2715 (%),

o

Al Ao eE 30eme] F9 +£1.99%, 90cme] 79 +1.68%°]11, 120cmel A

0.88% %Atk A7k +£1% ©]4% o FFE 30cmelA F EENFO 16.67%,
9cmol A= 22.22%9 0™, 120cme] 35 0% At wetd 2w 8920 <3 48
AEEL Ao el g oZo] 7l Aoz HE

R
R

A% A4 2 F44 JAFEL HF
7}) Az
B oo Abgd 729 2005 9€ 13Y A$E A gtel] @HAaE e F b
2 ATREE JRY AAAEe B AAe o AdEdo] wAsinw

Kim(1993)¢] Xﬂ Heb AdEA S e S ol &oto] A= we BAS Sl

D]o m?l_[
B
0
o
|d
fru
©
e,
3
o,
o

I,=35.84R " (5.112)

PR Ge Atz A =D geEHTA AJdo2HE AT van Genuchten(1980) 2]
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# 513 Chu =¥

Elapsed time F z f ) F, t, t,
Ponding status
(hr) (cm) (cm) | (cm/hr) (cm) (hr) (hr)
1 0.24 2.21 26.63 non-ponding
2 1.06 9.59 6.68 non—ponding
3.00 3.92 35.51 2.56 ponding
2.65 2.92 26.47 2.86 2.92 2.65 0.56
3 3.82 34.60 2.33 non—ponding
4 3.97 35.99 2.27 non-ponding
5 450 40.76 2.09 non-ponding
6 512 46.40 1.92 non—ponding
(2) #3€ IAF=d
3 5140 #8E FAFRAe] AT A A4S el o] A AxFY AR E
RGeS W Axgde] A god Espzloj= 0o Hia Hded IANE
sl = FHulE dZeAl Bk S8 FRuE Te AFAA A 27g5w

Add. &, 59 27185 wet gg A eel di Axs s 9
i AxF 231d A4 xszlols A Ao

¥ 514 548 ARE:

Elt?iseed 7 I ; f Ponding Bl Prediction of 6, (%)
(hr) (cm) | (cm) | (cm) |(cvhr)| — status (cm)| (hr) | (hr) | 30em | 90em | 120em
1 0.24 0.24 0 26.63 | non—ponding 3155 | 32.71 | 34.14
2 1.06 1.06 0 6.42 |non—ponding 3212 | 32.95 | 34.23
3.00 392 | 286 | 3220 | 247 ponding
291 292 | 262 | 2946 | 2.86 2.62 291 |0.50 Saturated condition
3 391 | 28 | 31.82 2.68 | non-ponding 33.88 | 3398 | 34.67
4 4.06 | 0.15 0 31.20 | non-ponding 34.23 | 34.16 | 34.76
5 459 | 053 0 9.16 |non-ponding 34.77 | 34.60 | 34.97
6 521 | 0.62 0 763 |non-ponding 36.13 | 34.70 | 35.01
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poS5_c + (0 —u)tang (5.113)

T yzsinfBcos 8

A7NA, FEZS ol digt A3tr9el ol H|d F&A 5 (Wetness index,

WDE et 2 (5.114)¢F 2t

s ¢+ (1= W)y, + mry,,,) 2 cos*Ble’
F= (- WI)~, +my,,]2-sinfcos 3 (6.114)

o ATE

1:25000 2 NGIS x AP% 870(377104, 377113, 377142, 377151, 378033,
378034, 378071, 378072)5 Al Elste] LAY Akl AbEEGATh A Y APA A
°]E 77 Skl W A 9l AAEoA 43S A
shaict. ZaE AAkEel
A&k
ApEREE F Aol 1A A AP S A EEkith At & AtS
Aol AYAHRAI =T 2ZESO] ArcMaps ©] 8393 NGIS FAAIE
377113, 377142, 377151, 378033, 378034, 378071, 378072)% ¥ A= =2 o] &3lirh &

o

FARAZLRTY &4 3 2(G114) =
=
[}

s
Z23¥% Matlab 655 ©]&, isarithm methodE %3}
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ol Hojof st Aem AU tdE AjkS 9% B V18 2312 & 5159

=¥l 7 H] 31
Resolution(m) 25
Soil Depth (m) 15
Wetness Index(D) 1.0D D:Depth(m), Saturated
Cohesion(kPa) 10
Ysat (KN/m?) 20
Friction Angle(®) 30

2. A3

HAA Ao maw 493 ddg a4 A, A we} thzA A HAT. 2
g 22 3.0013~3.12989] #xE Eomw, MAH AR AAHEHE ke 1.1 °
skl Aol ME&S 1.01~7823%°lAth 7t A Holl ok <tdE& FE+= 3E 5160

.
gelstg o 19 5358 72 AWel ohdg BEE GISAlA e el

% 516 2k AweAe] b &

ML
b

A B D E F G H
~11 1.01% | 3.26% | 1.72% | 16.15% | 21.83% | 28.10% | 30.83% | 78.24%
11~12 | 083% | 146% | 0.95% | 4.71% | 7.53% | 6.32% | 7.22% | 7.46%
12~13 ] 096% | 1.90% | 1.17% | 544% | 7.71% | 6.39% | 6.87% | 4.91%
13~14 | 1.34% | 2.21% | 1.65% | 588% | 7.36% | 5.92% | 6.80% | 3.10%
14~ | 95.85% | 91.17% | 94.51% | 67.82% | 55.58% | 53.27% | 48.28% | 6.29%

@
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_ 21 7 A= R o Z 71 Al
de (mm) (kD) (kgf/cm?) LA (ljgf/conjﬂ)T
1 2.200 15.110 397.502 0.045 8320.83
2 4.200 26.680 192,578 0.045 2267.15
3 3.150 15.700 201.464 0.068 3182.86
4 1.950 17.150 574.268 0.035 14771.07
5 2.500 23.090 470.396 0.079 8531.73
6 2.600 12.810 241.281 0.029 6620.40
7 3.000 10.790 152.651 0.059 2843.26
8 4.300 50.580 348.307 0.156 7616.45
9 1.000 7.114 905.803 0.056 18970.79
10 1.600 2.930 148.216 0.092 2136.36
11 1.600 16.810 836.08 0.068 14366.12
12 0.800 2.872 571.379 0.125 9079.50
13 2.400 20.110 444539 0.072 10652.08
14 1.750 13.290 552.546 0.077 10659.07
15 0.800 2.362 469.916 0.074 9613.57
16 3.700 59.010 548.835 0.070 13283.14
17 2.500 16.860 343.477 0.145 6371.45
18 3.600 22.150 217.615 0.122 6593.68
19 3.000 21.610 305.726 0.108 9096.11
20 3.000 37.770 534.348 0.027 20362.92
g 2.483 19.742 422.846 0.078 9291.92
Aol el A9 AFFEe] BAE 19 549 2om IAENL AN 2
3} 2 HA4e mEaan
Y=4.446 X" (R*=0.7203) (5.124)
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Infiltration capacity (cm/hr)

Saturation depth (cm)
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——— Modified Mein&Larson
—— Mein&Larson model
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O 1 1 1 1 1 1
0 6 8 10 12 14 16
Time (hr)
(C) *F5 ¥u
100 T T T T T T
——— Modified Mein&Larson model
—— Mein&Larson model
80
P T
-
-
//
60 ///
//
—///
///’—
40
20 /
/
/
/
O 1 1 1 1 1 1
0 6 8 10 12 14 16
Time (hr)

(d) *#3}zlo] Hl

— 256 —



Safety factor (SF)

Depth (cm)
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3) Case 3 (20069 7€ 274)

Case 32 19 560(a), (h)S HW F+ Ed BEF Edo] AR G55 IAT
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tAIRE 17 560(a), (D)ol Aoz gAd F¢d=s
O N7V E7F AAFSA LA AR AEE dYET 93
o] A5Fs Al & YEt

d 560(d)e] x3tzle] Az JAl 19 560(0)9] HFe2 vk AIZED B Az

2A1 7ol watE = Ao g uEwth =k 3Fzlo]l 50cmel =dake AR FAE
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Infiltration capacity & Rainfall intensity (cm/hr)
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Saturation depth (cm)
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Volumetric water content (cm®/cm?)
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Hydraulic Data. Topographic Data

Infiliration Analysis

Calculation of Subsurface How

Welness Index

Slope Stability

O 564 RYe ZEL

7h AFEAA

A xetEFoll 7lofst= ¢EFS A4St 918ke] Green-Ampt Mein-Larson(GAML)
2l (Mein & Larson, 1973)& Ab&stel IFaijAs otar IAFEFS 23t 3% A
FEArEr 7ol ol A Al

4. EAFE =Y

Eqd 98 Fr AARE AWAA, £i, 23 1424 S ATk oF A4

59 welse B39
1

=5 A th(Park, et al. 2001; lida, 1999; USGS).

Sl A= o] AFR(2000), #A1E(2001) B o5 71(2001) ol EFE=CAAM Y] FEE
S AAEYSY] FAR #dstdrh. A94H2002) CE7AAY zlolE EAow #ds)
i, BARIAIE ol gste], 2/105F SAZAA= B4l 10lem °l%, 3/10~9/10% &

A= EAlo]l 20~100cm 12 9/10% SAlelde E4lS 20cmolstz A8t

- 264 —



¥ 530 AALE=o W& E4 Zo](San Francisco beach, USGS)
Slope angle(degree, °) Depth of soil cover (m)
0~30 2.0
30~40 1.5
40~60 1.0
>60 05

USGSoll A= At ] Ao whe}l Table 5303 2ol APt EAlS A=
g Aow xstd (51273 #ot

tand

D,y =25 — L5

501

(if 6<70°) (5.127)

AN, D,y 0 BAIL], 61 AFAZA)

Eael WeE 0~25melH, T0°ol el EgFel EAsA wttha A w,
AR T AL HAEI 10707l Aol g F AR, 985 oA E KA

7
o] 20cme]stel Aoz 714 A
2 AFaAME EA 9SS T AR 7FdA AEe AXAEE T 2 G

A= Ba (51278 ol&stel EAS FASA

o LAY JF AR}EEF AL

Barling 5(1994)2 Wts 98ty F&A4E F317] Y314 Beven(1981)9] A #3515 &
of gk FE G o] &3kt 183 Borga 5(2002)0] WA =
ol gsto] Aol ek At W=
ZIRketo 2 7hAska xsh ZlolE AAsih wekA B =Rl Ak AEstEEe W
A zlolE 7INkete® THA st S EaA Aol oste] A FetEE S AE
Grid-based GISOlA A x3taEFS AAtstr] $18 dugss ALskah 2(3.20)
o] gsto] 7} A5 T F e AES Ak, A
o Axtel A ZF Ao §-;S Aststo M o] S-S g EE daeFolt) o

g
o, ZF Ao e fFem 233008 x3HzlolE A d

2=
H
g 7% W, 55 WA PolE BFEZ

=
}
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7)
t..= cell size 1 (cell size) (5.128)
51 v, Ktang ’
v, i AoA 2(320)% o]&3t T3 fEolt)
@ 2+ Ao A InputZF Output
q;— q;
[=—"1xt  O=-—"xt (5.129)
ts,i—l tsﬁi
T 23292 ALtso
@ 2zt Ao Ao §-TF
Q. =1-0, (5.130)
@ 7} Ao A Wate = ALt
Gns1 =G T Aq (5.131)
Agq=gq,_, — g (5.132)
AZIA t L ElFAIZE i A WS, ¢, AS sEd ZdEle AT
q > 715, T vlFAIZE tof] Ok AR Ao 7)o 95
S K ZIEFAF
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soh 2o ANHAL 7 AolA AESIE Aet, Aol AelA eAntel ool
NEEREA % 4 den Mg HE Aol BHA SEE FAGE 9 8o
Ao Ae EAAATA, AZE g, 8 TAA G Ao Jdss Foz AR
A e,

9 neFel we A4 A ohdsh 2tk

a9 56794 A9t B AdEo] $U%
n=47%, 9 A 77 A=25(m*)°l 1L, 7]
& oo, zF Ao AAEE ® 5307 2L,
(5.128)°l weba Fato] W)

- 269 —



# 531 74 o] A=

A Cell number tan 3 B Cell number tan 3
iy 55.95 1 41.96
iy 55.95 io 33.57
i3 55.95 13 27.98
n 16.79 iy 41.96

A (4.22)0l webA 2z Ao 7jojsts FAEH FEFE 7ok & 532, & 5333
o

¥ 532 A Ao A2 Input¥} Output

33 1(hr) 2(hr) 3(hr)
i 0 0 0

; iq 0.06667 0.06667 0.06667
' i3 0.06667 0.06667 0.06667
iy 0.06667 0.06667 0.06667
iy 0.06667 0.06667 0.06667
0 19 0.06667 0.06667 0.06667
’ ig 0.06667 0.06667 0.06667

iy 0.02 0.02 0.02
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¥ 533 B Ao A9 Input® Output

G 1(hr) 2(hr) 3(hr)
}‘]Zl' r r r
i 0 0 0
, iy 0.0.5 0.05 0.05
iy 0.04 0.04 0.04
iy 0.03333 0.03333 0.03333
i 0.05 0.05 0.05
o i 0.04 0.04 0.04
' iy 0.03333 0.03333 0.03333
iy 0.05 0.05 0.05
21(5.130) 00 upebA 7+ Ae] 7o S el F 5317 3 2
¥ 534 AoA
73 1}
1(hr) 2(hr) 3(hr)
A2
i 1.93333 1.86667 1.8
iy 2 2 2
Q, )
is 2 2 2
iy 2.04667 2.09333 2.14
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Water Content (%)
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Simulated Wetness
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|
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| | |

0.000
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Field wetness

s} a2 A} gk}
F 536 72 gJAA 9 d=d FEATF R
Location A Location B Location C
0.9210 0.9808 0.7033
R? 0.9565 0.9809 0.9241
0.9921 0.9744 0.9703
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%537 AE A 2 HFR FF 27 (19929 8¢ 9¢ ~11¢)

gkt Caias AR | FAREY | FAREY

(hour) (cm/h) (cm) (cm) (cm)
1 0.15 0 0 0
2 0.15 0.15 0.15 0
3 0.3 0.45 0.45 0
4 0.45 0.9 0.9 0
5 0.35 1.25 1.25 0
6 0.35 1.6 1.6 0
7 0.9 2.5 2.5 0
8 1 35 35 0
9 1 45 45 0
10 0.7 5.2 5.2 0
11 0.45 5.65 5.65 0
12 1.95 7.6 6.62 0.23
13 1.15 8.75 7.55 0.45
14 1.35 10.1 8.45 0.9
15 1.55 11.65 9.33 1.57
16 0.65 12.3 10.2 1.57
17 1.45 13.75 11.05 1.95
18 1.75 155 11.88 2.87
19 2.95 18.45 12.71 4.99
20 1.15 19.6 13.53 5.32
21 0.2 19.8 14.34 5.32
22 0 19.8 14.48 5.32
23 0 19.8 14.48 5.32
24 0 19.8 14.48 5.32
25 0.25 20.05 14.73 5.32
26 0 20.05 14.73 5.32
27 0 20.05 14.73 5.32
28 0.05 20.1 14.78 532
29 0 20.1 14.78 5.32
30 0.05 20.15 14.83 5.32
31 0 20.15 14.83 5.32
32 0.05 20.2 14.88 5.32
33 0 20.2 14.88 5.32
34 0 20.2 14.88 5.32
35 0 20.2 14.88 5.32
36 0 20.2 14.88 5.32
37 0 20.2 14.88 5.32
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Al ZE R AR AT FAXNEF FAFEE
(hour) (cm/h) (cm) (cm) (cm)
38 0 20.2 14.88 5.32
39 0 20.2 14.88 5.32
40 0 20.2 14.88 5.32
41 0.15 20.35 15.03 5.32
42 0 20.35 15.03 5.32
43 0.2 20.55 15.23 5.32
44 0.2 20.75 15.43 5.32
45 0.35 21.1 15.78 5.32
46 0.4 215 16.18 5.32
47 1.7 23.2 16.98 547
48 0.8 24 17.76 5.49
49 0.2 24.2 18.55 5.49
50 0.05 24.21 18.72 5.49
51 0.05 24.25 18.76 5.49
52 0 24.25 18.76 5.49
53 0 24.25 18.76 5.49
54 0 24.25 18.76 5.49
55 0 24.25 18.76 5.49
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