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Prevention plans for landslide and slope disasters should be appropriate for a country’s budget when considering
a systematic investment plan. The systematic management of slopes adjacent to national highways should incorpo-
rate reasonable investment risk and the expected degree of damage should be calculated by considering the invest-
ment priorities. In terms of priority of investment, the major factors used to determine the degree of hazard are
gradient, soil characteristics, RMR (Rock Mass Rating), stability interpretation, type of discontinuities, and history
of collapse, among others. The likely consequences of slope failure can be determined by considering traffic vol-
ume, the number of lanes, and average vehicle risk. We performed such calculations regarding the priority of
investment and performed a regression analysis for 392 slopes located in Yeongseo region, Gangwon province. The
calculation results show that collapsed slopes have a higher priority for investment, as do slopes with a high pro-
portion of dangerous sections and locations in valleys.
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Table 1. Hazard factor items for calculating the priority for investment, based on reliability theory developed in 1998 (KICT,

1998).
It Score
ems
1 2 3 4 5
Natural < 20° 20°-30° 30°-35° 35°-45° > 45°
(l)gfras‘ig;rg Corsn(;)ltl),site < 30° 31°.40° 41°-50° 51°.60° > 61°
Rock < 40° 50° 60° 70° 2> 80°
. . - . Slightly .
(2)Side shape of slope Parallel Slightly rising Rising descending Descending
Slightly linear Linear Slightly concave Concave
3)Road shape of slope Convex type
® pe of slop oP type type type type
(4)Height < 10m <25m <50m < 100 m > 101 m
(5)Relative position < 2/10 3-4/10 5-6/10 7-8/10 9-10/10
(6)Gradient of upper slope < 20° 21-30° 31-40° 41-45° > 46°
(7)Gradient of lower < 30 " 5 o > Hgo
(embankment) slope <3 4-10 11-20 21-25 > 26
(8)Natural slope Nothingness Simple Normal Complex Very complex
(9)Artificial slope Nothingness Simple Normal Complex Very complex
(10)Road 4 lane 3-4 lane 3 lane 2-3 lane 2 lane
(11)Other structure Nothingness Negligibility Existence
. Sedimentary Igneous Metamorphic | Non-cementation
(I2)Rock type Quartzite rock rock rock rock
(13)Soil type Clay Cobhesive soil Sandy soil Granitic saprolite | Colluvial soil
(14)Joint/Discontinuities Nothingness Bedding Joint Fault Fault breccia zone
Non-persistent Non-persistent Persistent joint | Persistent joint Persistent oint
(15)Geological structures joint joint (slope-reverse (irregular (slope-dire. étion)
(other) (slope-direction) direction) direction) P
. Slightly Moderately Highly Completely
(16)Weathering grade Fresh weathered weathered weathered weathered
(17)Activity Nothingness Slight possibility Possibility Strong possibility Collapse
. Non-stocked Flood retarding Medium-size Small-size
(18)Vegetation forest forests Shrub hardwood hardwood
(19)Vegetation density Very high High Normal Low Very low
. . Slightly Moderately Highly .
(20)Drain Existence damaged damaged damaged Nothingness
. Low possibility Possibility High possibility
(21)Valley Nothingness of catchment of catchment of catchment Catchment
. Complete Incomplete Existence . .
(22)In-depth drainage drainage drainage of drain Poor drain Nothingness
(23)External erosion . - Possibility of . o Very high
(surface water) Nothingness Low possibility erosion High possibility possibility
. . Flowing out Flowing out Flowing out
(24)Inter.nal erosion Nothingness Flowing out on on middle part | on middle-lower | on lower part
(flowing out water) upper part of slopg
& pper p p of slope part of slope of slope
(25)Surface drainage Cot‘{lp lete Incomplete Ex1sten.ce Poor drain Nothingness
drainage drainage of drain
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Table 2. Comparison of score and ratio for each item among five methods.

A5 -

g - 99 -

ol - ok

Pierson Railwg)t"ﬁlclzanage Cor;sgt:l:lcc;ion Koirala & You
ltems & Country (1991) (JHPC, 1986) (JHPC, 1986) Watkins (1998) (1997)
USA Japan Japan Hongkong Korea
Score | Ratio | Score | Ratio | Score | Ratio | Score | Ratio | Score | Ratio
Height 81 12.5% 3 18.8% 4 5.9% 15 10% 30 8.6%
Gradient 2 12.5% 5 7.4% 20 13.3% 20 5.7%
Direction of joint 81 12.5% 5 3.3% 40 11.4%
Dip of joint 30 8.6%
Weathering grade 81 12.5% 4 25% 10 6.7% 20 5.7%
Rock type 12.5% 10 14.7% 15 10% 30 8.6%
Cracks status 2 2.9% 10 2.9%
Fault 10 2.9%
Rock strength 3 4.4% 10 2.9%
Geology 2 12.5% 30 8.6%
Leakage 81 12.5% 2 12.5% 2 2.9% 15 10% 10 2.9%
Soil properties 8 11.8% 10 2.9%
Joint properties 162 25% 20 5.7%
Valley 81 12.5% 1 6.3% 5 3.3% 10 2.9%
Shape of slope 2 2.9% 20 13.3% 10 2.9%
Upper slope gradient 15 10% 10 2.9%
History of failure 81 12.5% 20 5.7%
Countermeasure 30 44.1% 30 20% 30 8.6%
A oghbskd, ARER7E S50l 3308 gttt th 27l AREHIE FAAEs] Brse e
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Table 3. Comparison between 2001 and 2002 research into Priority factor for Investment.
Soil slope Rock slope
Item Year 2001 2002 2001 2002
Total score 295 100 290 100
Height of slope 40 8 30 5
Gradient of slope 60 14 40 8
Length of slope none 3 none 3
Depth of Soil layer none 6 none 6
Groundwater 20 6 20 6
Valley 15 5 10 5
Gradient of upper slope 10 3 10 3
Hazard factor Collapse history 20 6 20 6
Discontinuities besides joint 20 7 20 7
Soil material 30 10 - -
RMR - - 60 19
Analysis of stability 30 10 30 10
Ratio of dangerous section none 3 none 3
Importance of countermeasure none 3 none 3
Status of slope protection 20 6 20 6
Investigator's risk 30 10 30 10
Total score 70 100 70 100
Traffic volume 20 25 20 25
Consequence factor AVR 20 > 20 >
Lane 10 15 10 15
Separation distance 20 25 20 25
Investigator's hazard none 10 none 10
A= Hgd =], BlE™ AL A8k, A, EApRR S sl Exfslo] EApEE B &
ARG FAL, eFold, BASH SRS Ae w2 FYsplde AAG7E 9T FSeivhal 3
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Fig. 1. Comparison between failure slope and non-failure slope.
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Table 4. Hazard factor and score of priority for investment.
Hazard Factor
Height of slope <10m <20m <30m >30m
Score (Soil slope) 2 4 6 8
Score (Rock slope) 0 1 3 5
Gradient of slope < 1:1.2 (40°)| < 1:1 (45°) | < 1:0.7 (55°)| < 1:0.5 (63°)| < 1:0.3 (73°) >1:0.3
Score (Soil slope) 0 5 8 11 14
Score (Rock slope) 0 0 2 4 6 8
Length of slope < 100 m 100~200 m > 200 m
Score 1 2 3
Depth of Soil layer <05m 0.5~1 m 1~2 m >2m
Score 0 2 4 [
Groundwater Dry Wet ) Wet Flow ) Flow
(lower) (middle,upper) (lower) (middle,upper)

Score 0 2 4 4 6
Valley Nothing Existence
Score 0 5
Gradient of upper slope <(° 0° < 20° >20°
Score 0 1 2 3
Collapse history Nothing Rockfall Existence
Score 0 3 6
Discontinuities besides joint Nothing Bedding Foliation/Dyke Fault Fracture zone
Score 0 1 3 5 7
Soil material (3% Soil Slope) Clay Cohesive soil Sandy soil Granitic Soil | Colluvial soil
Score 2 4 6 8 10
RMR (3% Rock Slope) Score =19 — (RMR x 0.19) (3% Rock Slope)
Analysis of stability Planar Failure + Wedge Failure + Circular Failure

Stability Instability
Score (Planar failure) 0 5
Score (Wedge failure) 0 5
Score (Circular failure) 0 10
Ratio of dangerous section < 20% 20~50% > 50%
Score 0 2 3

Importance of countermeasure

Non-countermeasure

Rockfall control method

Resistance method

Score 0 2 3

Status of slope protection Existence Partial damage Nothing

Score 0 3 6
Investigator's risk Nothing Normal Dangerous Very dangerous
Score 0 3 6 10
7FIith v e 2 Flslw FRAME FHAR] 71 20024 ATE B AAE dRERE F 1eielH,
g ojalel el wH S 2%zl W= ke sAolth Ee EAmER Qhig
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Table 5. Consequence factor and score of priority for investment.

Consequence Factor

Traffic volume < 5000 5001~10000 10001~20000 20001~30000 > 30000
Score 0 10 15 20 25
AVR <25 26~50 51~75 76~100 > 100
Score 0 10 15 20 25
Lane > 4 lane 3 lane < 2 lane

Score 0 8 15
Separation distance >5m 5~3 m 3~ m <1lm
Score 0 15 20 25
Investigator's hazard Nothing Normal Dangerous Very dangerous
Score 0 3 6 10
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Fig. 2. Distribution of hazards, consequences, and total
score of priority for investment in West Gangwon Province.
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Table 7. Analysis of variance.
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Table 6. Results of regression analysis.
Multiple correlation coefficient 0.738455
Coefticient of determination 0.545316
Coordinated coefficient of determination 0.535793
Standard error 8.137516
The number of site 392
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Degrees of freedom | Square sum | Square mean | F proportion | Significance probability F

Regression 8 30337.85 3792.231 57.26788 8.26E-61
Residual 382 25295.72 66.21917
Total 390 55633.57
Table 8. Values of each factor calculated from multiple regression analysis.

Coefficient Standard error t statistic P-value
Y-intercept 10.38378 3.404951 3.049612 0.002451
Length 0.01164 0.006366 1.828445 0.068262
Height 0.176685 0.030472 5.798235 1.41E-08
Gradient 0.277027 0.038623 7.172678 3.84E-12
Groundwater 1.67672 0.238842 7.020221 1.02E-11
Valley 1.492752 0.195255 7.645124 1.71E-13
History of failure 2.946718 0.257202 11.45682 2.53E-26
Ratio of dangerous section 2.50498 0.393649 6.363491 5.65E-10
Discontinuities 1.334398 0.148887 8.962474 1.43E-17
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Fig. 3. Occurrence number and scale of cut-slope failures (> 1000 m?) relating to major typoon.
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