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Evaluation of Slope Failure Possibility on
Forest Road Using Fuzzy Theory(1)'*

- On the Fill Slope of the Metamorphic Rock Area -
Du Song Cha’, Byoung Yun Ji* and Jae Heun Oh’
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ABSTRACT

This study was carried out to evaluate the fill slope failure possibility of forest road in Metamorphic
rock area using fuzzy theory which is non-linear model. The results were summarized as follows.

The potential slope failure by nine factors was mainly occurred under the such conditions as the total
road width ranging from 4m to bm, longitudinal gradients below 2°, fill slope length greater than 8m,
fill slope gradients steeper than 40°, road on ridge position, soil types with weathered rock, slope
gradients steeper than 40°, aspect of NW, and longitudinal slope form in convexity. The weight of
importance by factors on fill slope failure was ranked in the order of fill slope length, fill slope
gradient, road position, soil type, aspect and longitudinal slope form,

The analysis showed that the fill slope failure possibility was low with less than (.485 of the fuzzy
integral value and high with more than 0.620 of the value. And the discriminant accuracy was 74.6%.
The analysis with six out of nine factors indicated that the possibility was low with less than 0.441 of
the fuzzy integral value and high with more than (.583 of the value. In this case, the discriminant
accuracy was slightly increased to 78.0%.

Key words : slope failure possibility, potential slope failure, weight of imporiance, fuzzy theory, forest
road
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Fig. 1. Flow chart for evaluation of slope failure possibility in forest road using fuzzy integral.

3} b},
X={x, 2, « * + -« * . Xn) e}

A7 x~ s JEAIRY F-F 8<]le]),

zb gl g imAbge BANIEE Mx)El
gopA, 2919 Categoryd 2 ©2AS HE3lE
E BAHYEEE 7HE g A@9 2ol A
Wdgcl, o)Re dEAEe E3E Jehye
HEXFT o™ 393l xeoll A Category™ = 0
7 1Alo} o] A akslg 3to2, 99l Category™
2 293359 ar|eAz E Aol

M) = o) = M) =+ - - - - = M%) @

ai dxAE el #ojste 84l Fa
B ¥¥ A AT Y] s AR
A, 53 g7t d¥ 7 8<l9) s =E H7}
e HErE He, o A@)s el A&y
ot

H; =— max(az) —min(ap &)

Z @] pi% Fd2 sl 249 (Eigen-
vector) aE A& F, 2 a9 Categoryel
oyl mHaEgie Adzs HAage ez
Al FR5(H)E A3,

ol9} o] dxAlH ] BN =(h(x))s} £
82qle8 Faxr A AT ((H)E 9
ol Foixj &= HAAHEL o}-g A Fo] ety

4+ alt,

n

Jmx)-e= ;2 Lz)Ag(H)] @

=3 H2 ARXS] Y »E3ges obf
s} zro} ®AIG £ o},

H.o={xi, x, 23, -+ +, xa} ()

olu] HAHE g(H)E Hdlgte] 1o} H& 7}
WAL YA =}, aFeye a9y 29 o
o, 2 849 K)ot g(H)e AgAA ebt
= HAagEd Hogke Aste HAH e 4
2% 4 vk, zev HAA R gAY =24
2z 5e oz 299 AFoR s F8E ol
1% 2398+ A%, 03 1409 gt /RS
tgd e AHAHEE AM-sg o),

E¢} Fr} lxabde] 238 vehule A X
REAFge) ENF=0Y o

gA(EUR=g.(BE)+g:(F)+ Ag:(E) - g.(F),
—1< A<® (6)

7|4, AE ol 7 4= 24 A>00]4
GH{EUF)>g:(BE)+g:(F)sh o) givs E7HHA
< 723, 1=019 gi(EUF)=g.(F)+g:(F%
ol FEE%9 dH e Y-S vHxH, 4
<0eol® g (EUF) <gi(E)+gi(F)% 7ol A4
Ae et B gd=g(xhos o s




36 FuzzyBa@< FIRY REMES] ST #®(1)

o(H)
o g
I

L2

hix} A 9(H)
Xt X X

Fig. 2. Calculation of fuzzy integral.

A3 e,

gA(H)=£+ga(E-1)+A g - gi(Hy)

-1 H [A+igh-1 @
og7iA AbEEE e Hold Abgd 8<dEe
a0, %022 S gla,m, o xd=10] H o
of @c}, Geba gz ARE AL FH JEAT
239 Hrho] AW BE KAT HE HEo|
gol loleh= 2zl 25l n-132& E9H wiA
W 2ol e 7Y 4 sleh

2. el MEAINS ROIN BIPHE W ST

drAdEamde] B3 gy Categoryy 2R
E 13 o, A Ao} ApHEFEHE S 39A,
X i, AEAEAAL Y AR H AN
434, 242 5uhA, ArA el TdA, A}
Hike e SuthAlE AR sk,

7t 2119 FAHP T CategoryH2 7} 24}

F-9 g8 kATl HF R Adiugal
Sl ln g PR F, Hoiglo] 1o] HEE At
glsle] A&l e, 1 A= 1y 37 2o,

Z2 %0 B3P 4~bmAaleldl4] 7A =
A vhebstar, 6melabelA kA ARAl dpebg o,
AP Aol k| & 4ES TR v AR
Hojzlct,

oty oz Ak Az} ks, dEsRA
o] folg Ao Fo| °J£*I*éﬁ‘?é%94
1995 2 E06mEt ARz H o] 9lo,
sabgdel Ao}k AR oot FxHU AL 7;1
ek, el AR A AE 8 Fol A, =l
do] Iyt Aol M= il A A AA
Aei odv ExEF(U~bmez WA= A3k
glomg, ool & o AR 9¥
7 EA el Ao AR

ZErle] BIgPxE 20 olslelA B39
ol 71 =A debda, 2~47 Alelol A 71
AA el dubdew Zohiulrl e A
frel B8o] A=Y HEWRE B9 I¥F
VA 5 glan, ARURr) dExsiges
A 2o FA 7L FrbEe] By ¢gde] oty
Reog kgl e B9y xe) gel i
o]7} Category 2 =A ¢ vieh) Fajde
A4 8qleg 2H43lx] ¢ Aow ddd
o},

AralmZolel BN dEE 4mo] st 7FRH
aHA) el 8meolAbell A= A E Al Aol A
FE 2R Folste Ao vepdd),
T O%(1992) ¥ EE #a(1995)8 drddE

ﬁi‘ru -{0

Table 1. Categories of items by slope failure occurrence in fill slopes of forest road

Jtern Category
1 2 3 4 5 6 7 8
Total road width(m) <4 4~5 5~6 6<
Longitudinal gradients( °) 2 2~4 4~6 6<
Fill slope length(m) 4 4~6 6~8 8~10 10~12 12<
Fill slope gradients( ") <30 30~35 35~40 40<
Road position slope valley ridge
Slope gradients( °) 30 30~35 35~-40 40<
Aspect of direction N NE E SE S SwW w NwW
Longitudinal slope forms straight concave convex




37

WEHEETE 831, 2000 38

2-4

Longitudinal gradients( "}

‘Ll + I L
46

0

1

-
; g

'5<

5~6

Total road width(m)

<4

(=) «© © -~ o
- o < =] o
asnjie} adojs jenuejod jo essbeg

<
=]

4
4

4 < @ < Il =3
-« P> =3 S I} S

aunyiey adojs [equejod Jo aalbag

o @ © - & o
- o ©o ©o @ © o

aJnjiej adoys jequatod Jo eaibag

30-35

<30

12<

10~12

8~10

6~8

Filt slope length(m)

<4

Fil slope gradients( ')

2 ® o * o

anjey adojs jenuatod jo sasbaq

Hard Rack

Grawelly  Weathered  Soft Rock
Sandy Soil

Soil

Rock
Soil types

o @ © < o
-~ o (=4 (=] o
ainyie) edoys |enusiod jo aaibeg

=)
=

Vallet
Road position

2 ® @ T ~ o
- ©o o ©o o o

8inje;} edojs jenuaiod jo eaibag

—
2 ® e = N 9
-~ o < (=] o o

ainie) adojs (epuelod jo asibaq

35~40 40<

30~35

<30

Aspect of direction

Slope gradients( °)

factor.

=
3}
$
>
a
g
=
S
£
w
|
b
3
8
B3
&
g
“
20
<)

L " "

P
2 @ © - o o
- =3 (=] (=] o <

ainjie; adoss |eruslod o aeibaq

Stright

Longitudinal slope forms




38 FuzzyB#m-e FIAY WHFHE S MRTTREM FR(1)

HEAR dolt ¥24% AESE Eapo] i
Hol $39ge] AXE AR veht, Ao A
ol djsted AAY +EO Aol F ARaiA
o, Bl A% Awe) AA 2 ¥l

42 =2
9| Mgo] Ho¥ Hog AdEeg,
AEAFA AL B EE 307 olstelA 7}
A AHA Ve, 407 ool E Ao vE
wirh, o)Al Est RiE(1999b)e) 357 oA
A= g el o, &M F(1990)9 d=
LA 3H5~40" Afelellx F3] Fobe Ve
ArAstet FAEE A%E BoFa et wet
A JEAbde] S 3B FEoR Eud,
35° olaellA At F¥eE FIHYel e
Aoz #dsch,

%JE 41829 A%fﬁsa#: A TR 7}

g 2 vhehda, Aol EA ebger, o
ez AFAS ATE ASAUA EEY
o) A3, JEAEl} WwA Fow A5
% g 59 AEALE ATl Yuade)
IS A, FAYe AeE ma

ol wWw, Abde] Holr} E7}shd Z—ﬂéfﬂ g
AABEA] gkel B 9ge] & Aoz Aladd,
aleba JEALA AN dfste] Fopd B3y
& HAFNA FEAA FALAYS dA| st &
Aoz @),
Exe iyl AP EE FutE Bl A

7y by A, Fsiqha) dghela 2 Ren »}E}
wek, dubx ez Faighad AYgAgLE FE A}
WA F§ A deln], dxe FAAi]Al %
Ao A A= EgArt AE s, 7
Al Almio] ZatElml EAbH Q) B Fefo] € A
SHoh g o R Byfdel F ZoE g
o, el9} e AFAFA= EHRT iR
(1999b), &4 %(1990)2) Aol fAbsA
ehytom, P %(1992)2 Ao sleid F3
Zo] FALESE ARt Aty st

AR 7 A 307 olstell A ok, 407 olAbellA]
At 2 Aoz Jehgo, o|R& 4bA
A FE4E dHEES gy 9sle] A
Eopo] Adizlon wolxmz F¥9gle] HAX
£ Aes abAch(E R Wb, 1999 ; F
H 5. 1995, 1996).

Ao 29 Ee FAAbdelA 7hA
A e, dabmelA g 2k slez o
ehytont g AL Holx 9lx ke, Ab

HEddyge AT vy A 73t
AA ey, M3 abgdelA b 2 el
ok, ol FE SAFelA 4y Alde] ol
Zdsa, A *1“ M3 apbde] o] iehi}
= A3 Ae] 70 Aog AgEo),

=g AQ)d g3te] A& dE AEAY B
ol B3l Q] FarE ¥ 49 o},
ArAAC ) FoEs 047824 714 B3
A2A 7ldEhe Aoz dvebhdw, AEATgal
0.27, d=%1= 0.24, &4 0.18, <49} 0.16,
AtdEcidy 0,15, 2% 0,14, AHAAEAF 0.11,
FEd 0.09 ¢o2 vedtl, 3419 F8E
= BN g T A wel 7 89l
o FojRle 7EARA, F8T el vt F
TE B {5 9L gol FA Ho, o
2hA] A EA el efagld wlste] B3ay
of £ 4g%g v AL Vel dEsfEA
FAAM g AlRAel7l AR UEE AlFE
718 o7l e Aoz Abudc),

3. HXIFEN 23 A= HEAIHS Bidls
o HI|

JdeA B B4 Hrte ARAES
ol gald 3, HAAHEL sy FHYP=e} F
253 FAE AHAHEE o|&3d FgHo
2 Hriste g eg Al o Az At
AbAdel -0.8166°0-2 vt ow, xwie] ¥-37}
TS AT Aake 29 59 2},

#HA A £ 0.50~0.554 01 9] e Bjie

A =g HAF AdiNlEge] W wissg
wo Sy 47} g nEg AuE o
e glow, HAHEge] 0.55 oAl 1
o 7I7geE BIrsAdel sk 0.50 °)sh
A= 0ol 7MAESE b Ao Frke}, =%
By} 43y BafFe HTY AAHEG o
el 0.4850181E r|EeR, FHTY Yl
0.6200148 71Eo2 BA s Ao wiway
Roz Atmylc,

JEAEAL] B35 gridA HAHE

% 0.55% 7l *"E‘ﬂ’ 34%2—‘1%%—‘" 29}
7ol %3'4'3_18 3 1334 2F 26707 R—L F= o
L8782 19.5%, °.}7‘é:r-f?°~ F 9NF 334
7} %”— 5101 LEFE2 33.3%% ‘/‘rﬁ}‘;h.

AAAl WEHFELS F 2204aF 1T3040
HFsted 74.6% 2 viebstrh,



BEAREE S9(DM. 2000% 3A 39

(=]
B 8 2 &

Weight of importance
[=]

o

- Q- gm Q »w K wr
22 36 323482 &€ § 27 &%
88 o3 Qe o= £§ = 20 2% 3@
52 82 56 84 53 o 52 =
== % ZoO 0w 00 « o = =
38 25 38 29 3 ] .?.'S 9o &
-8 25 =% ¥vg 2% =8 3%

= @® ®
— - - w2
Factas

Fig. 4. Weight of importance of each factor using
correlation ratios.

L0 r .
2w} 1
z >l 1luem'ity
§ x| Dy |
g
ER
5 s ﬂﬂ I’I]Iw I
5 l
4 Ll NNENERS. ...
© © © o © o o o ©o o
8 3 8 8 3 8 8 3 g8 8
1 ! I { 1 { t 1] 1 t
© © © o o o o o o o
Q b [\*3 [#] - [4] [o2] ~ [+ ©
[3,] 14, [4,] [3,] [3,] [3,] [4,] wn [4;] (3]
Fiezy inergdl vaue
Fig. 5. Relative frequency distribution of fuzzy

integral value with nine factors.

Table 2. Summary of discrimination by fill slope failure possibility with nine factors.

Discriminated to

Discriminated to

‘Stability’ ‘Instability Total
Sample of instability 26(19.5%) 107(80.5%) 133(100%)
Sample of stability 66(66.7%) 33(33.3%) 99(100%)
Table 3. Summary of discrimination by fill slope failure possibility with six factors.
Discriminated to Discriminated to
‘Stability' ‘Instability’ Total
Sample of instability 14(10.5%) 119(89.5%) 133(100%)
Sample of stability 62(62.6%) 37(37.4%) 99(100%)
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