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Regional Evaluation of Slope Stability by Using GIS and
Geostatistics Around the Southern Area of Chungju Lake

Sangki Moon* and Younghoon Lee*

ABSTRACT : Regional evaluations of slope stability by the failure criterion and by environmental geological
factors were conducted. The failure criterion is the general conditions for plane failure which consider the
geometrical conditions between geological discontinuities and topographical slope planes. The factor focused
in this condition is dip and dip direction. Geostatistics, named semivariogram was used for establishing struc-
tural domains in slope stability evaluation by the failure criterion. The influential range was calculated to 6
km in the case of dip direction of dominant joint set and 7 km in the case of dip of the same dominant joint
set. Then applying this failure criterion to the study area produced a slope stability map using the estab-
lished domains and slopes generated by TIN module of ARC/INFO GIS. This study considered another
regional slope stability analysis. 5 failure-driven factors (the unstable slope map, geology, engineering
soil, groundwater, and lineament density) were selected and used as data coverages for regional slope
stability evaluation by geoenvironmental factors. These factors were weighted and ovelayed in GIS. From
the graph of cumulative area (%) and instablility index, finding critical points classified the instability indi-
ces. The most unstable slopes are located in the southern area of Mt. Eorae, Dabul-ri, and the eastern
area of Junkok-ri in the first evaluation and around the Joongchichi and the Kyeranchi. The expected type
of failure in the latter two area is plane failure. Also, the expected orientations of failure are 59/338 and
86/090 (dip/dip direction).
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A FHue F¢
© dele] Fo| AMHF} FYPsAL £20° UY=
Ao HEPsieiof it
@ Ao} APe] FApLEke] YX|stedol sln A
o] ZAX}7F Ae] ZAtET} Folof s,

® Aele] AAp FaHe) vjdzRy) #Hof ),

718 miale 4719 HW e 2oy oy, &
dede] Fg1 HAF gial 5 dade] i o)f
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Rock mass quality (Q)ollA ARE3E 2ol 2]l A4k
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RQD : Rock Quality Designation

J : Joint set number
J.  : Joint roughness number
J.  : Joint alteration number

J, : Joint water reduction factor
SRF : Stress Reduction Factor

o714 ]/, & interblock shear resistance =& v}
ATE EPATE (Farmer, 1982). &, 2w vh&
7 thgat 7o) JERd 4= Qlth

£—tanq)
=

a

¢=arctan L
= an| —
5

a.

¢ : friction angle of joint

zZt Ao A Fg vpEzte o APEY e
Thiessen polygon & 2JA1Z] ¥ 7} polygon off &
2= B2 HLIAct (Fig. 1). ¥, Mz
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Fig. 1. Thiessen polygons for joint friction angle.
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Hoek ¢} Bray ¢ 71500 &8 AMIFEH7MA &
T HE&2 ok 2¥A At (Fig. 2).

X FEH &

Einstein 5 (Einstein ef al., 1979)0) AFJ=0]
o] I WFEL o= AR FTEHA 4B
HAE Zheth AdE Eo & oHH Hedel wEke
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o]&gt ¢hite] F7HERQ) ARHAE wdHsk=t o
o)A AFEAT ] FFHoR AMEEY St} (Yu ef
al., 1993)

96017, B4 BAk] HASE 9jakd AFFAIS
OIEHE A2g Wgol iRt o|7L g At

[ Initial instability rate = 0

]

Is slope face parallel with
strike of joint ?

[ nswbility rae =0 ]

[ Instability rate_1 = Initial rate + 1

s slope aspect parallel with
dip direction of joint?

[ Instability rate = 1 J

[ instability rate 2 = Instability rate 1 +1 |

Degree of slope

> Dip of joint

Yes

‘ Instability rate = 2 ]

Instability rate_3 = Instability rate_2 + 1 J

Dip of joint

> Angle of friction

L Instability rate = 3 J

[ Instability rate_4 = 4

Fig. 2. Rating of unstable slopes by Hoek and Bray's method (1981).
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A sPEgEe S tigh 37 JdH3AE 299
3171 9% RozA HEHd 5L FFP3AIWTG
Matherone ABBAE G728t FHOE AN
Holgtd F4HF (regionalized variable)®] M'dE
231819t 18 semivariogram ¥ y(h)E AL
slq b AR AE44E A3

y(h):zivm [f(M+h)~£(M)IdV

V : geometrical field

h :the distance between the points in a spe-
cified direction

fM) and f0M-+h):the values taken at points M
and M+h

AR ArME 99 HES AdEA F3L Miller
Miller, 19797} Atz thg 412 o83t}

1 N(h) )
Y(h)=m§[z(xa)—2(xa+h)]
vh)  :semivariogram to the distance h
vh)  :the distance in the assumed direction
Z(X) :the sample value at point X;
Z(X;+h): the sample value at X;+h
N(h) :the number of sample pairs separated

by distance h in the same distance

AEHQ semivariogram & & Folle o|EH =
doj 2Jal 1 ABHEL 2RI o] Rde]
7SS AR 5438 A Zlolch Miller
Miller, 1979y Azlol gk Az A9 FTHAQ
Z71434 BoF7] 9314 hole-effect model & A&
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Fig. 3. Variogram of Fracture Spacing (from Miller, 1979).

°j3E

B3tk (Fig. 3). 22 thadt o] 2ddd.

sin(ah+p)
h)=K| 1-——+2
) K[ ah+p ]
K :sill value which is the average value of
the cyclic portion of the semivariogram
a :constant that controls the x-axis shift
h :the distance apart in the computational direc-
tion

FH9] (rangeye F714% FRoZHE A
Holx= AF9 h Folth X e 2de 73rd
(spherical model)e]t}. Miller & ©] 24L& A
A%, 7H4, 28l ZAL S F83dnt (Fig
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Fig. 4. Variogram of Fracture Density (from Miller, 1979).
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Fig. 5. Variogram of Fracture Spacing In the case of no
correlation (from Miller, 1979).
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Fig. 6. Variogram of Dip Direction Referenced to Distance
(from Miller, 1979).
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FIg. 7. Variogram of Dip Direction Referenced to Fracture
Sequence Number (from Miller, 1979).

h?
3

a

y(h)=c0+c(1.5*—‘-o.5 or h<a
a
yh)=Cy+C for h>a
Co: nugget value showing the randomness of the
value at a point
C :the difference between sill and nugget values
h :the distance apart in the computational direc-
tion
a :the range showing the influence zone
F7HH0) ARAAE 71 o weF £ ®Ee A
7t dapggEct I F RS AudAs 24 o
. 2 dAgdMe AR |l 7 Bl AR
' 7YrEE Mgsie HEsch
Xy 2x
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STEP 1 ! Determine the largest joint at every site

:

STEP 2 : Determine the range through variogram
analysis

STEP 3 : Determine the structural domains based on
the range

STEP 4 : Plot the stereonet of the structural
domains

Fig. 8. Procedure of establishing structural domains.
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ZAYe] W9 wat thaksic}. Nickelsen 3 Hough
(1967)= Pennsylvania 2} New York$] Appalachian
Plateau Aol Sl Aleg ¥4 o ol o3t
o T2TE MEsTh Rehrig 7 Heidrick (1972)
e W2 Arizona o %1% Laramide A2 de
=g E4le] F3) of BEsE F27E TE
t}. Jagnow (1979)= A9l uigke] el de] wdk
(trend)® Carlshad E2 ol U 22 HS
(rooms)e] Fehol rlxle FFE H7ish] ] F
2 Fzo 7zste FRTE AR Davis,
1984).

B Aoy a7l 2¥3= HHE T F
209 7 site oA AR Aol sk FTHEQ
ABBAE 7122 NAHH F2TE YA A
ey 3272 A 9 A3 ok 283
2T} (Fig. 8).
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™ Fig. 8 ¢ @A 28 95l AE AFEAT =
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GEO-EAS : determine LAG SIZE for GSLIB

GSLIB : calculate EXPERIMENTAL VARIOGRAM

l

GEO-EAS : determine the extent of SILL, RANGE, W

NUGGET, for SPHERI

SPHERI : SPHERICAL MODEL FITTING

Fig. 9. Procedure of variogram analysis.

Fig. 10. Site map for getting joint data.

ARE DL site o FZHAEY EXE Fig 10 o o
Bt 0ot GEO-EASE o831 47 zlgAlole] J
W Aol thalA lag o MFR e ol sigEks
lag sizeZ 3t & GSLIB Tz 13e] mjsjdsz ¢
&)} (STEP 1). GSLIB 2130 2 2E] variog-
rams 7% ¥ (STEP 2), ©] variogram o 7}¢ ¥
e mdo] JARSE UYohhr] 9isld GEO-EAS
¢| VARIOGRAM PLOTS =8t} (STEP 3).
2do| ZARXEZRE 7MY AP 2de FARE))
$18ko] SPHERI T2 a8 A48y ojRe
experimental semivariogram | 3l TERdS 2
a7l Aste ARy} HPYE RY) g olgd
Aok, mde] FARREY tidh HFEE AAsIdA]
°] ¥ 10 7 77he RS mdEA Hgsls Zea
HPolr}, o] ZeaYe] TEEE theFH 2t} (Fig. 11).

GSLIB Z2ag9] JdHAT = site o) AhHY x,
y FHE9} 113te] &350 gl FE A}
o} AAPYEES w8k}, Table 12 GSLIB X213

(i

[ Input parameters ]

|

DO LOOP according to \!

range, sill and nugget

Is h less NO
than range?
Calculate the linear
YES part of the model

L

Calculate the curve
part of the model

Calculate R?

END LOOP

LFind the best of Rj

Print spherical model
fitting at the best R?

Fig. 11. Flowchart of spherical model fitting.

Table 1. An example of input file for GSLIB (gamv2).

Entire orientation data of joints
4 //mumber of column

XCo /fx coordinate
yco /fy coordinate
index //sample number
Dirl f/dip direction
299561 383088 56 5 50 //data
299405 382890 65 120 85
299454 382692 77 100 67
298152 377342 98 300 42

- continued -

£ A% input file T ZHAPYT th3 Aolt),

Fig 12 = 89 AARIEs ZAAldel g z+
Z}e] experimetal semivariogram (asterisk) ¥ theore-
tical semivariogram (solid line) ©)t}. ©)5-<] w74
20 tiste] Fe3 7} Table 2 olth T Wi
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range = 8000, 3111 » S580, rugeet « 4800, BA2 * 1.0001MST range = 7000, $1l1 = 250, russet = 328, 32 = 0.99971581
Paraasters Paramaters
o0, Filo  lnpef oo [ Yile  :imtpet
hairy ¢ 15228 so0. Talre 15225
direct.: 000 Direct.: .08
! Tal, 9000 ! - Tob. 9%.00
i Haxband: va H MaxBand: L
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.
- Riilowa: L) ' Hininua! 10.000
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. T T v T Var. 18769, LB v - T v Gar, 49.19
6. M0, S, 12008. 15808. 20000, 0. WM. 3e8e. 2080 1G008. 20008,
Distance Bistance

Fig. 12. Experimental semivariogram and spherical model fitting.

Table 2. Results of variogram analysis.
Parameters Dip Direction Dip
range 6,000 (m) 7,000 (m)
sill 6,500 250
nugget 4,800 320
R? 1.00016057 0.99971581

JEVL  17/100  SET2 - 42/343  {WTemecY . 12/087

3l range 7} 6km 9 7kmZ FXE AL ¢
 slom APt 14 wig- shgc) 4, sill of o
& nugget o F7|E vimsiE W BAPEE] iF
nugget ©] ZARl et nugget ot AiHoz =7
YEIGES 4 4 AUtk nugget & dFo w9
error 9 3= FACIER o|Fe Eapt o] A
et FAtHokE AR range 32 U AH 9
3ot & 4= glth ©)E range o) @& MRE Fo

SULATY TN OURAIHZ

JET1 - serve

(a) domain 1

JOINTS LK DORRING

SETY . 37/2387 €72 : €3/183  INTEMECT : ¥5/247 .

(b) domain 2

UINTS IF DURAINA

(c) domain 3

Fig. 13. Stereoplots of Structural domain 1~6.

(d) domain 4
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JOIATS LW DONAING

e
3ET1 . 96,000

Fig. 13. Continued.

(e) domain 5

Table 3. Dip/Dip direction of structural domains.

%‘:;221 Dip/Dip direction
1 Set 1: 177100 Set 2 : 42/343 Wedge : 12/057
2 Set 1: 59/338
3 Set 1: 37/267 Set 2 : 83/163 Wedge : 35/247
4 Set 1: 54/344
5 Set 1 : 86/090
6 Set 1: 78/075 Set 2 : 61/282 Wedge : 29/352

SET1 . 78/075 _ 3EIZ : Gi/262  INTERs€LT ; Zas3s3

(f) domain 6

FEA Qo] BX3l= FHeEY] W] A A
£ Fol AHH w2TFE AT (Fig. 13).
T 6 M9 FRTF/ BEHIeH 79 1, 3, 6 &
= Mol $AE "ol Al = 3 e
domain & ¥ /Hel AElzwel EAldle RS ¢ F
Utk z+ F23e AGAE Jeple deEleey W
o] Table 3 ol 712= o] it

ool A& kA e} vz g AN
Eoll tisiA Hoek ¢ Bray o AP 7|88 44
31 o)|AE] E 0] Fig. 14 o Yeht slch

fl

nEm @
o wWwN o

Fig. 14. Unstable slope map
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Table 4. Instability index vs. number of slopes.

Instability index Number of slopes Percentage (%)

SCORE=0 50,297 7N 85.76
SCORE=1 3478 7B 5.93
SCORE=2 4297 7 7.33
SCORE=3 305 7\ 0.52
SCORE=4 275 7 0.46

A 58,651 7l 100.00

Fig. 14a oA AlHzke F2 MBA H 34 7t
A B WA $9) ving B& AR X
gtk Fig. 14b ol Apeigke AAHeR A% Y
2) Bajzo] SAsAl vepdth, XAy gl A
712 B® Domain 1 3 Domain 2 7} ¥lxd =3
Domain 4 7} 7} 2% variogram ¥4 o] 3
847 (range)?l 6 km WA 7 km & A Weojut
2 ok}t (Fig 14c). AAERL HY dA|Hos

Table 5. Rating of (a) soil, (b) lineament density, (¢)
lithology, (d) depth to groudwater level (equipotential line)
(a)

Instability rating Soil

1 GP
Sw
SP
SM
ML

vt & WM

()

Instability rating Lineament density

1 0.0~1.0
1.0~2.0
2.0~3.0
3.0~4.0
4.0~5.0
5.0~

S O N

(©)

Instability rating
1 Limestone, Dolomite, Limesilicate
2 Slate, Amphibolite, Biotite granite, Sandstone
3 Gneiss
4 Chlorite schist, Phyllite

Lithology

(d
Instability rating Depth to groundwater (mim)
1 914.4~1524.0
2 457.2~914.4

Fig. 15. Geological lineaments of this study area.

legend o VERE BLPAYAS (instability index)7t 0
ol ApHEBo] Bol B¥ske A& ¢ F Utk ol
Hoek ¢} Bray ¢ 71& & R ¥ A 7I& A
o} Zgw} ApdHol +20° oA HePsHA] e A
ojmlict, 2 ghell BePgRAv 139 290 APRES
o] wlgdk 2 vehdn 33 42 AFHe] = FF3]
78k ek (Table 4). o1& Hoek <t Bray o 7 |
z z Fwe Az gisid AR AApzte] A
] 7] W2 AYL & F Ut (Fig 2). BB
Ag7h PV BE IR AVES T2 old 9
Az} galet AFe] FEAY F A X
e Ao2 Jepta gidh

o 8

=

=2

X

N

sAX Y= o8t FEH
AtHOFEHIt

E Q7dXE SHAEREA 98 THH A
AH7LE AAERch 2 d7elA A3 @3x2H
BE oMb, EA, xskd, Ade a2y oM A
718 Hoek 9 Bray o i¥ Bgrpazelnt. 74
$4ARAR R he 5FL Table 5 & 2ot EZE
FUEYE (FI71edTL, 19788 FEHH A

Table 6. Rates and weights of selected factors in slope
stability analysis.

Factors Rates Weights
Unstable slopes 0Ot 6
(from Hoek and Bray method)
Soil 1~5 5
Lineament density 1~6 4
Lithology 1~4 3
Groundwater 1~2 2
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(©) Lineamnent deswity Map

LEGEND

05-89

Fig. 16. Data coverages for slope stablility analysis.

Cumulative areal(%) vs. Instability index

Instability index
o 85888

L

O 10 20 30 40 50 60 70 80 90 100

L

Cumulative area(%)
Fig. 17. Cumulative area (%) vs. Instability index.

AHeEle EYEFY (United Soil Classification
System, USCS)o.&2 AEF3 o2 B silto} A
B9 g, AL, 7)E 83 4E 5 E
FH BAe T3 AlEBH] ZdEte o=
AR5} (Table 5a). ol we BTES =
W AR g AP 3 $AY] (74, 1989)
E Fzsle] BEsiul. GRIHe] Aol wigt
a¢ AA3] A3l FAR (FAEFIFTTAL
1983~1991)¢}t 259 BA AFRAL AR §F o)%
slo] F 229 Fol jE diole{lo]2E 753 F 3]
ARNY S o] g3l A7AYe X3AE HAH L
2 BN} AL o P

wt=(.9901852xs-3.32505955 'f=0.985
(s : XA 7%, wt : Jslrgle] 1x)

AT (e A 1o 7Phe e HedFn o] 4

LEGEND
w very stable
stable
[ ey

unstable

” . unstable

Fig. 18. Regional slope stability map.

S o83t ANE ATAHY A3 o] HHel
TEE Azt AFe) TkerE Apde] A9

2 oA ZIthe 7Pt Table 5 9 7o) AA3
Frk (Tuble 5d; °IALZ 9], 1996). A1Z2 Y=g &
7] §3k] 4 |7A ) tfgk LANDSAT $14¢
™ AA7E Ze 48 st FHEEH
(Principal Component Analysis, PCA), %%z}
(High Pass Filtering), FAY & % 7F (Edge
dectection and enhancement)®} & FAFAE] 7Y
& HAAIEIY AFAF EXshe AATH HERE
dobhRtt (Fig. 15). 2 & A7AF 1 kmXx1 km
719] AAE A3 e tgAel sty dyx U=
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& Axlsid

a8 Adert 855 QRS APAE] EX)
g ggo] At 71 Flell AdEd Ui B
& AA3YTH (Table 5b). APAEHE 8]1E°) Al
Bl miale 93 Zv] 28R 7+ 8%ld o
st iRl 7FEAE AAgsorst it 4 Hoek
9} Bray ol 2laiM 3 AlHEM T APHE] ZAAL
9} AApgsE, d2jHe] AL vz Fol 4 Ay
HAouz M 5 55E FAL &, EF 5
£ A9 gAY BA4E 13l 7€ die
2 FHEE 4, 19918 Fasle] AAsn. A4z
Axo) dg 7EEXs A7z sdshs A0 79
o, ool 7o} gMeliM vehlmg Mgt vl
& 7ERE AAslg Aske AN o)
F23 AHololA tE 82189 Hlg) 2y gsl=E vt
A e 7S R, o) e nEsl 44
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Table 7. Slopes in regional slope stablility map.

Classified slopes Nursrll(l:;sof Per(;;:l)tage
Very stable slopes 10,451 7H 9.13%
Stable slopes 90,058 7N 79.47%
Potentially unstable slopes 10,174 7} 8.89%
Unstable slopes 2,876 7\ 2.51%

A 114,462 7} 100%
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