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A Risk Analysis of Road Slopes Using GIS

A & A
Kim, Yong-Seong

Abstract

A risk analysis on the cutting slope of roads near Cheongju area was carried out with the data from
geological map, field investigation, and laboratory test and with the Geographic Information System. A risk
analysis method on the cutting slope of road using the Geographic Information System was developed with
the data from geological map, field invéstigation and laboratory tests. In the GIS, road factors which are
safety factor, class of road, slake index, slope-protection works, and height of slope in the cutting slopes
are classified into some ranks, and their weighting factors were taken into account. This method can be

applied effectively to a road management.

Keywords : Geographic Information System, Slope stability, road management, weighting factor
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o]} Z& #A &M zAAANS HHE A
T 2238 g8t AEAY EAIFAY #
2 5E J849 A=E if3oes w3E &
A Wi A o] A&d F YEF Fhe
AFE R EEA 2] B3] 27H Y e A3
ot}

AT olfF 87 §-33je] GISE o8& F
A3 A ot A% A7 FES W] A
A8t1 93 (Gokceoglu & Aksoy, 1996; Luzi et
al, 1996; Chung & Fabbri, 1999; Guzzetti et
d, 1999), ZUAME GISE o]43 takst A+
So] ARSI glo, AEAY Y4, At oY
(Lee et al, 2000), EAF THHEE 4 (Kim
et al, 2002), FEAME ABA A (Lee e dl,
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2003) & AR odF 2 AldEkdA Ea Sof
A3 Fol AZAHSR FykE 1 Qlo) el o

B dojet & 4 Utk
ey olg# AT EL GISEh= 71HE o]&%
B3 g4o Fislo] AFAHo7 AL gap} F&t
HoZ o|&3he dHele Ao AUz} A
FHololgh: SAE FAFAY Ho| ARdoltt
2 AFdME ofgt BA 42 = o A
o ANE2AN B2 ¥ ITNFRE £43tn e
shed] A9 °A] ARAIARR! GIS(Geographic
Information System)& ©|43le] FHEE HF
219 (36°30° ~36°45", 127°15°~127°30" )] ©f
gt Abde] BHAEAE ARIGeH, AF @
$g FINES EEUEERE 231 @3
Ao Azl o4 9 ERAEE T B4
& A2 F, BAEGY © @ARYYECR A
A S VAT T3 @A A Qe
7o #AE GISE |43l a&Foz #A3in
FAAY AR FHAEEAT ek AN
gozA zAAHITE B2 ALNLAYe I
8% Jrg AFstuzt sk

I. x[2FEAIAHS cfjo|Els|o]A

YAQ5 T2 L7t 2Hsh: AARE ol A}
AR SIARE AT o] WL At 9
£ AdleM & F USoE AuRALE ST
AL AP 5 glod ARy BEUE 52 5
et oAu AL Ao ApESY J[EARE U
F Sict

T AP BIRY 2 AR 35S s
of AERY A7 F8rksstn vlad x87}
g Q191 XY Ak 49, ¢, B, A4,
EXol§ T& FEat] FAFATh (Table 1).

HA A FAE FUEFRY wier|EY B
HAE wEd AAE 0~2, 3~7, 8-~15,
16~30, 31~60, 61~100 @ 100(%) o}%e.
Rt o7]el 1-7747] 58& Fo FEIN
o} ol d FEE WS XY Al HAF B4
A Gutd BREA, AAAH BAS 5] 8
o] $451 YTt (Yu et dl., 1990).

Abeigole] wE AAAS TANE FA AL
ojate AP el RellA A A @A
%7} 7 3o+ (Blong & Dunkerley, 1976: Soil
Stability Material Committee, 1990). o]ZR-& A}
Higle] WE gAY Aloje] FYFgoT FEY
g0 APAEY FIATIF UE wéo Apdrt
37) Wi Hog AIREY (Kim e dl, 1993).
olg} L ATHAE EdE ApasY SFTE
& S7HIZE BRFE AP 14A 57219 §

Table 1 Rating of slope, lithology, soil texture and vegetation

Rating | Slope (%) Aspect Lithology Soil texture Vegetation
1 0~2 Flat area alluviums GP Water, residential area
2 3~7 NW, North Granite SP Heavy vegetation
3 8~15 NE, SW, West Gneiss SM Light vegetation
4 16~30 SE, East Schist SC Grass
5 31~60 South - ML No vegetation
6 61~100 - - - -
7 > 100 - - - -
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ATFA DY AL L wnlgt, W FAF
ojr, o]F9 Zx¢ FH%e wt Y §
g @A, 992 598 A TG 3¢ X
He ¢ ATt wob AR dojd EE
o] AASFE WA FUxn, thdol Huldly} HY
9 08 Fa& FUh FAFE Ay 4
ofd Zgo| wo} 5FE ¥A Folok s}, £ &
TFAGAA 18 FEAGo] ZAF 5% wIFEAH L
Z Fgso] A8 %ol A9 glerr FF
£ WA F30

AYEFES £7E FAEFHA ©30] AR
785 ESC HES AR #F FrAS
7et £ 4458 EYY ¥ E4E 19
3o AR vRlE $A42 FEE FH9Y Kim
et al., 1991).

AR Ao uet 57/HAE EF3%eH, 9%
7t o AW dig F4g FF0] ¢35y,
2 Hae 2] AWPTE F/MI 2 9
FoANE FAAE 2B (grass) A, YAE A
o] A+ A% (no vegetation) 2 EF3I%th

£ A7oE ARCINFO AAHE o835l
o NE e £99 S48 FHHAAE
BE THUEY SAAEEE AS AAToEN A
Hey dAAFE AAEE 5 At o #3F84
E ZoN Al ST AL A8 A
At b ke oA, B4, A4 9 dEs
Zzte] AsFEs FAA Y AEFoR U
v 7/Hes F¥AF

o)

. Abeel HRZAL U AY
1. M Alelel oy T}
RFAAS) B2 AWFI Y ZAF @

AR E A48l Siste] T2AMES 3% Al
Hrigel 98 1x3808 ZARBIGPL 13} ZAR=

TEEZ9 HEAERE A3 2304 Aol
o R28 doR 3 FFEE A9 2 F
ARG AFRS BvEsAdel g A% 4
T BPEL AFEZFALNAM ARG APEE
7HPS 0]823191 01 Table 2014 X wiel Zoh

Table 29 A H7idel] st AN 7} A}
HEe] ATE )R 0) A7 Fakst EMY
AFE AE3ty o7]d A ATE TAbste
F3A57F AAHAE o] H4ES Table 3 whet
o]43= Aolt} (Korea Highway Corporation,
1992).

Table 2 Evaluation chart of slope (Korea Highway
Corporation, 1992)

Factor Point

a) Slope height (H) unlimited

b) Slope inclination 20

¢) Inclination angle of upper part of slope 15

d) In case retaining wall unlimited

e) Forest land 15

f) Shape of cross section 10

g) Slope condition 10

h) Mlxed condition with slope and 10
retaining wall

I) Agreement joint with slope direction 5

i) Geology 15

k) Drainage way of ground water about 15
slope

1) When water exist the part of slope 5

m) Drainage way 10

n) Water movement faculty 5

0) Water condition (cutting slope) 15
Distance of building, road an .

? playground from i)gwer part (()if slope unlimited

q) Condition of upper and lower part of 20
slope

1) Expected damage of building 2

s) Dangerous risk factor 1.25
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Table 3 Using plan of slope evaluation (Korea High-
way Corporation, 1992)

Classification Using plan
> 150 : Slope failure risk is very high.
Unstable point | » 100 : Slope failure risk is high.

{ 100 : Slope failure risk is low.

> 300 : Counterplan was first claim.
Total point > 200 : Counterplan was second claim.
<200 : Regulary slope management.

o 5 10 15 20 25 a0 35 40

Investigation slopes
Fig. 1 Total point distribution of investigated slopes

Total point
g 8§
e ——=]

o] B2 Ald kAN A A5 oy
2 Abdel diste] whE AlZE Ulol AY A}
sk A AbdS AAsked o)gshe AL FEt
9L Ao7 AZPT:. 1z ZAMEFH Fig. 194
Bule}l o] 1008 o] o2 EhgsiA w3
1070 Apdel dhste] FURARE HABISIT

2. 80|23 WA

&dola WA E (slake—durability test)&
7134 A dxol g% FIE 458 7 Ue
APy F54T 38, $4d U8 A
o] &%, 53¥ (disruptive force)°ﬂ Adehs o
Aol 58 Bl &g

AL 1078 S (A2FA - 24 40~60
g, AAAEFA 1 450~550 g) & test drum 9
g3 FEE FANTD g motor drived o) &
afo] oF 10¥7F 20 rpmd £E(F 200 rpm) ®
A& AlZIth. I $o Algrt B0l test
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Fig. 2 Slake durability index (5 cycle)

Photo 1 Slake durabiliti tﬁst apparatus

drumg Ao} AZZo| Yo AZAAAN AET
of AFs AEFFE S W74 A5 (slake
durability index, Id)& thea Zo] AitEd, o
vt og FHA slaking cycle 39 A, & Idy
g go] At gtk (Kim, 1988).

Id, = NEF9} RFRAEAZ
AZZTTEXTO0 (Gp)recerarerreremneens (1)

0{)4
\
e
X~
o

Fig. 2= 87} A|g9| Eﬂs} slake W7A4AE 2
Folo}. AFNEAY S 537HA] 64_*1?‘5}"‘\:}

2 1T Ze 3A, ﬂPﬂl g, sl AsE
Algo] HHEEEA AL =g %L«l THLLE
Holy whd e [dhE 2= grl 3 Ase
A& BEILTL FOR et FERAE0] 9
23 YLt
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Table 4 Results of slake durability test

Cycle Deolmi Jeopji Haepyeong | Bankye Deokyu Sudae Hwasan | Baekhyeon
Id: (%) 62.05 9081 81.01 89.84 9250 9294 69.40 76.72
Id; (%) 4765 89.12 743 85.6 90.07 9081 59.38 7442

Slake Medium . Medium Medium Medium .

durability Low high Medium high high high Low Medium

Hog gdold WAUZ 7 YEYE] EAY
o ol F5W 4@ &dola o] ¥
o AN FREE T 5 pgoH we
A A71AQ AR i ERab] Sistel 2o
SR AReE AR EEYS) A4S B8] 3
sl ¢ Aoz BuE,

V. Afeef fiEd 24
. % HES 2f F|a0kNE

EAF 9 F3ote] it 2tgA HES Bishopd
oz AU, programe IFujelA o] o]
£53 %+ SLOPE/WE o]&35leH, EAR+
= AUAE 9 @FANEE B8 2T, A
79 Z27& A 2 FEE A Auio] X
e W2 TR AN

ApR el H Aol QlojM BE WA Ade
AA FA (3%t EHEE Rez /MY
Ao AAZE o] 2Ae WEIHA] v ReE
d2iA Ut EFel F8 T AFo| ed
A, o] B So] HAF WIE AAER
oju} 33 FEE AXM & AT 74d FH
7b de}. o] ezt Y] AR Al 2 A
HEAE AZFe &9 olF3ld ving A& 34
3= HAo] AP sjoltt.

3E 7o) B AN E N nndd AN}
AFRE o2 FIHE F97) JoUR o]y
3 Apae eHsiA e W agEst opel ARAE
2 Apg-#fjo} #c} (Soil Stability Material Com—

Table 5 Analysis results of limit equilibrium method.

Point Slope Es Safety
(deg.) | Natural | Saturated
Koso 45~68 | 1046 | 0620 | Unstable
Deolmy 45 1115 | 0616 | Unstable
Jeopji 45 1063 | 0494 | Unstable
Haepyeong 45 0.993 0.143 | Unstable
Bankye 63 131 0525 | Unstable
Deokyu 45 1030 | 0141 | Unstable
Sudae 60 1037 | 0531 | Unstable
Hwasan 45~60 | 1180 | 0437 | Unstable
Baekhyeon [ 45~60 | 1.249 | 0492 [ Unstable
* Standard safety factor Fs=15(Natural),
1.2(Saturated)

mittee, 1990).

2 YoM AdAFdA LA AFEE
(residual strength) #t& 243910 n, 438F
o digt sj4d3+= Table 59 2t

2. BAHSHS| HASHsHY

Ao FUZAA H4, 9, s APEY el
AFFYe] FAslol QA sty AT,
AW B3 EQEH] W] U, 9
A7t dddle] dto] myF #eiso] $39
Aol dEHAt ol Arde] dis] HFAERH
A Ze 2FHY B EA4U(FE) Y 4
o} FU% Yaog sty Yol grc} Al
o] B¢H3te] F4el7} Daylight envelope ¢l
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Fig. 3 Analysis results of Hwasan slope Fig. 5 Analysis results of Dukyu slope
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Fig. 4 Analysis results of Seongjae slope Fig. 6 Analysis results of Bankye slope

Table 6 Rating of analysis factor

Rating Road Slake index Reinforcement Slope height Safety factor
1 Local road > 98 Prevention net & < 10m > 15
prevention fence

National road ‘ Prevention net or

2 (<4 lane) %~98 prevention fence S m > 12
National road

3 (>4 lane) 86~95 None < m > 10

4 Expressway 61~85 - < 40m (10

5 - 30~60 - > 40m -

6 - <30 - - -
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AAst HHny 7heAdo] & A
(Fig. 3~6 &%),

2% YERtt

V. GISH 0|8% ApHo| #2|7|Y
1. A8 dloide 2y

2 ATE dst AdE AF, A, EF o
3 27 AuFEE 28 44l dist] A
AAEte] A3 *] 3 o] H2rH e
CADCORE ZIHE MM diabg HEzoly
(vectorizing) & é!*ls}%’i‘:}. o] Met | Y
ARC/INFO AHz|AZ rﬂ#}fz} ¥ AHAE 3
AR BEARES 7IRE $19 AREA
o] YAA7)3 TM(Transverse Mercator Pro—
jection) E¥lol FEAE Y9 HE AL
FaIch v E 7t AuFo dFt wo], EY
7 93 Y SAwEC] U¥EHo doleuo]
2 THEA & AHAA 9 AukyEy E4g
7|2E ol FEe AT F AFHMA nA= F
Q5o & 7EAE F315it

AYAEALEE o] g8 AMY 34 4
29 FaEA Aol o] FHeAE AFEY
MAEH BRY FF, A ALY 5, A
o Fo|, E3te] APFE F 7AE AU
5 T exd AAE FHol EF A} A

A8 E3) doJeuo]A Yo £AAR

%‘i’% Z5e] APYE, ApEe) go] T

L4E AP %ﬂﬂ #dd 940, 29
TR, A AE 52 22 ddAs) #y
d 248AN ERYHATE FAsHeT o 8EH
ERE wE%% ?— £5 F& 13l 14%
2, 4244 o)) I, 4R Rk 3%, WE
9 45908 53 }%E} IEER 5L 0%%
o] ¥ TL T2 w1319 FHof visie] B o
7b wAgs - glovmy o SES AL
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£do12 WTARNTE 142 7|F0% st w)
& E8(>98), E2(96~98), o E2(86~
95), E&(61~85), ¥ (30~60), Wt (<
30) ¥ 6502 EF3ISih

AR AR dekske YME anFoR
A & Qe HAEAE S G 52 &
29 g Had 4 ¢ de TREY ¢
e FREY 5ol webA E29 Iy o
e o A 5 gtk wed AR
AR oA F M) B AXE 499 &
ZHARE AAE A9, 2GR Ajde] gl
BALE Pro 3580E TR

dutzog AbHY| Fol7} #E4E APES Y
o mXE Qo] U Z ApHEold e BH=
55RSZ TEU & A7oAE 40 m ol
H Apdo] @A dgt7] WEe] 40 mE H1EH
o AARCZ Al

APAS) QHoi-E s AUF Qe A
24 ALY B A g 718 1.02
2 AES P EoMde TEsh, HA kA
AE A% AFGAE 71EL 1.5 D), 1L.2(Z
AN E 7IELR he Zlo] gutHolnE Apdl]
g U3t FETEL 45HOE TR

Akratdel ofg) Qe FolM REyFE &
e A8 E29 FF sdola Ut Ag, o
AR A, APEY] gl APEY g F A
9 AEFES FAAM P AEFoR wEE
7IMer FMNACH E2uEEA aﬂ AFe 3

THOE THI 298 JEEE st
Table 7 =29 A4S 3% 5 aﬂr 7FEA
2 TES Zojth

=29 gEAE A% EF BAE B2y
ol mAe Y pestd AbdY kg, 3y
HEA) A, AFEY) gol, B2 5, £do)a
TEAFY £o8 JEAE H43%oH, o]
HoM A T3 TN &F g2 A8g
Ao o Heto] Hase} w3k Apde 984
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Table 7 Rating and extra-weight of road risk map

Factor Rating Extra-weight
Road 1~4 3
Slake index 1~6 2
Reinforcement 1~3 4
Slope height 1~5 3
Safety factor 1~4 5
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Soll texture

Fie. 7 Hazard map for road slope
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HAREE ety AFAAE, AR, EYLE,
MRS 2t 949 vlw - F483Y (Fig.
7). AHY S8R B2 AYL IF =2
(1:50,000) A HAME AHolQy thF-7 24
A AEgen, 2 oW, S YU A
o] (Y| AMEE XA 0T HAHeor|Y &
LEAET Algoln TAFES Ay, A, v
AFEA, APRA, BRI FAES olF1 Ytk
ZAMA L AN sEe At dale
HAZ N30°~50°E9) F&3% 50~70°NWS] A
£ YeIth o3 shte] 299 A A
Ao M At HeEoR B3t Yol B
Fds ok HFAMS AFAAE F3 Ak
Axth= A HA 9 AARZ] fE-Eelie
o AFHO AR FSES 49 45°~68°0|1 &
abEe) A= 50°~60°% oW BRSSPt
SMo] F/E ©|1F1 Yt} (Korea Institute of
Energy and Resources, 1974).

ARG tha dEe] gl AMEE 407) Abd
FAA 107} Abde] EdstEs AR we
WA F7 Aol AR 9 AldEe] 7t
4% st AAE FAAQA S Aslor
& Aox AAdr. 53 TR FHGRA Fo
AFEY S BHE ASede B9E AR
A8 4 71He Aeshe A& gvEA X3
o, HIEA] RN FURAE AAFL o]d] &
A #4E Yo} gt

[}

3 AMH B2V

2 AFNE AR dAEs dANAY
7, AHERE3Y 47, F59 2935 44 &
39 20 F doleo)s el S43n2
Uehslo] AMIRA2TS FEAAT, ARG o
A% 9 F3 59 0ie A9 $9E A3
W olgsigon, YANAE, AENES BE &
29 Sjaey A5E AYsd o)gHA &

TR APARH A defshs ¢4 aREoR W
A F Qe AR FY WA 52 &
9 g Haw APE F e FEREH o)
& FxES 7 wEd E29 iy 4F
T oA 279 & ok 13 129 FFo et

1EER L 1FF0| BE 35 & @ 18]
of gl tiste B Falr} Y ¢ o
HEAE A AL B2 el AU
A4 A, st v, 94, gn), A, &%, A
A, GiAbdoA B2 ey Aot A4 vE
U A $AeAE FES Jegth
(Fig. 8).

EEAMS fAEEY Al oXE AF,
A4, &y, 2 & FEAATA A} @AY
A A&, SFAEAE Fo AMHESE AR, F
3o AL 5O ¥ Y E4FEES FH T

lo x

N/ Safe
N/ Potentially dangerous w*s
N Dangerous X

Fig. 8§ Risk map for road slope
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ojgl o] AFZAE AR & ANMAEEH
A8, A4, Agprd, AFatg 5 31
AgEe 9¥sto] HolguolAE 75§ &AM
o ABAT A AFGE TA BAHE = 3
= AFeAage Toe AFAe 5% 22
o ARQUOERY FHAT A9 B2 Ad
9 QHdE ER3= AAE YIS Ayshedl &
#Hog olgd £ Ytk #H FEE vlojelo]
2 Aot thet ol § fox ERwA A
AR AEES fAdE, AFHA, 2EALE F
of Ezg #dd FH YEA Jgo] st

Vvad &

£ dTodEe 7EY #4xd8g JURAL
AN FE2¢ ANAEE AYPRAILHE 0] 83}
o dolgiol A8 FE3T FFA el thet Abd
Y 7 2RO digt #AATE
ArERoH, 1 A gew gt

1 AFAYGY 2AM 407045 AFH AR
kA Hrpbiog AR Ax ApagI) of
AdE AL 10/M4% JeRton, B3 3Ard
10704 7He-dl HRAFASE A 9lg 97l el thstod
A3 STl it P $H & AN A, BT
ZIEkAE 1L.5(AAAD, 1.2(X3A) By A
wor 59" 7ksAo] B2 RA0E Yehkth

2. AYHBA2LHEE olgsto] Aldsz 84
B4 AN A3} 5968 Atre] Labd Az
R F2, o9 shdel, wde, Adel, AAE
2ol Fa7teAo] 2 Aoz ekttt

3. ARFFAE 2AR & ANREN 34"
AEEE Y4Yste diojeo] A8 723 ¥ Abg
o A8 A HEAE Bl BAE 5 gl
= AHYBRAAEE T3 AFAS T TS
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o Hig EEat AHH dos BT &
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