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Risk Analysis for Cut Slope using Probabilistic Index of Landslide
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Landslides which is one of the major natural hazard is defined as a mass movement of weathered material, rock
and debris due to gravity and can be triggered by complex mechanism. It causes enormous property damages and
losses of human life directly and indirectly. In order to mitigate landslide risk effectively, a new method is required
to develope for better understanding of landslide risk based on the damaged cost produce, investment priority data,
etc. In this study, we suggest a new evaluation method for slope stability using risk analysis. 30 slopes including 10
stable slopes, 10 slopes of possible failure and 10 failed slopes along the national and local roads are examined.
Risk analysis comprises the hazard analysis and the consequence analysis. Risk scores evaluated by risk analysis
show very clear boundaries for each category and are the highest for the failed slopes and the lowest for the stable
slopes. The evaluation method for slope stability suggested by this research may define the condition and stability
of slope more clearly than other methods suggested by others.
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Fig. 1. Flow chart for hazard analysis.
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Table 1. A new standard for the relationship between landslide and rainfall.

*

* &

Hazard VL M H VH
Classification ©0.1) 0.2) 0.3) (0.4) 0.6)
Max. hourly rainfall 05 10~15 1530 > 30
(mm)
Daily rainfall

(mm/day) 0~20 21~40 41~80 81~150 > 150

Cumulative rainfall
(mm/2day) 0~25 26~50 51~100 101~200 > 200

*; VL(score): Very Low(); L: Low();

M: Medium(); H: High(); VH: Very High()
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Table 2. Relationship between magnitude of earthquake and landslide.

hazard(score) VL(0) L(0.1) M(0.2) H(0.3) VH(0.4)
Magnitude 1~3.5 3.6~54 5.5~6.0 6.1~7.9 8 or greater
VL(score): Very Low(); L: Low(); M: Medium(); H: High(); VH: Very High()
Table 3. The hazard score of slope characteristics.
Hazard score of slope angle
Classification SR>04 02<SR<04 SR<0.2
angle(®) score angle(®) score angle(®) score
<26.6 2 <398 4 <45.0 2
<337 7 <450 15 <550 5
Hazard Index <398 15 <550 20 <634 10
<450 30 <634 23 <733 18
>45.0 40 > 634 25 >733 20
Hazard score of ground condition.
Classification Soil slope
S::)l;liy very dense dense moderate loose very loose
Hazard Cohesive
Index soil very hard hard moderate weak very weak
Score 1~2 3~6 7~12 13 15
Classification Rock slope
Hazard SMR I I I 1\ \'%
Index Score 5~9 10~14 15~29 30 35
Classification Composite slope
sanfiy very dense moderate loose very
soil dense loose
Soil Cohesive very very
Hazard soil hard hard moderate weak weak
Index Score 1 74 58 5 10
Rock SMR 1 11 I v N
Mass Score 2~4 5~13 14~17 18 20
Hazard score of failure history
Hazard  Failure history NO Rockfall YES
Index Score 0 6 10
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Table 4. Hazard score of failure sign composed of tension crack and ground transformation for slope characteristics.

Failure sign Hazard score Drainage, Support system Hazard score
Efficient, Good -10
i 10
Tension crack Efficient, Damage -6
Ground transf i 5 Inefficient, Good -4
on
rounc transtormatt Inefficient, Damage 0
Table 5. Hazard score of geological characteristics.
Hazard score according to Rock type
Igneous rock
Particle Size Shape of a Particle Color
Detailed fact - igr- . i
claled faclor pine  Medium  Coarse  Imregular  Mode-  Bauige i alitle g
rate anuar light
score 0 1 2 0 1 1 0 1 1
Sedimentary rock
Particle Size Shape of Bedding Grade of Chemical weathering
tailed fact i i
Detailed factor Fine Medium Coarse Massive  Lamina, Strata, Strong Moderate Weak
not. <lcm >1em
score 0 0 1 0 1 2 1 2 2
Metamorphic rock.
. Structure Metamorphic grade
d fact -
Detailed factor Cleavage Foliation Schistosity Gneissosity Low Medium High
score T 2 3 3 0 1 2
Hazard score according to geologic structure type
factor Simple Bedding Joint Fauit Fracture zone
score 1 2 5 7 8

Hazard score according to vegetation type

factor Small Pole Medium and Large Pole

Mixed forest

score 2 1

0
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Table 6. Regression equation of H/L versus landslide volume(Hunter and Fell, 2003).

Path type A B R? Std. Dev.
Unconfined 0.77 0.087 0.71 0.095
Partly confined 0.69 0.110 0.52 0.110
Confined 0.54 0.27 0.85 0.027

Table 7. Results of evaluated movement of debris flow to landslide surface.
Ratio of Upper/Low angle <02 <04 <0.6 >0.6
The degree change High Confined Panl}ll) colnfmed Partly confined Unconfined
of dip direction Low Confined artly Unconfined Unconfined

confined
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Table 8. Travel velocity assessment and scoring.

confined, W52 partly confined, #&3 vj¢ WEa
unconfined2 H3l AFE z}2} 2, 4, 8702 Hod)
Atk

osE 24

HEE AP B dstel BYAAL BT &
e 2, 5 Aol ALY} MalE FAHol

Velocity Class Descrition Score
Extremely slow Confined 2
Slow Confined 2
Moderate Partly confined 4
Rapid Unconfined 8
Extremely rapid Unconfined 8
Table 9. Consequence sheet for roads.
Component Description Score
a one-lane 02
a two-lane : lane on the inside 0:2
a) Type :lane on the outside 01
a four-lane : lane on the inside 01
:lane on the outside 065
(Inside means inner-way, in case a two-lane, where is a side of slope) '
S :No matter what landslide volume is small or large, it has no influence on facilities 005-0.1
(5m or greater between slope and road). 0.1~0.25
b) Scale M : Landslide volume is small (soil depth:0.1~1 m), there is a little probability that o
landslide debris has influence on facilities (3m or greater between slope and road).
L : Landslide volume is large (soil depth : over 1 m), there is very strong probability 03
that landslide debris has influence on facilities (1 m or less between slope and road). )
Vulnerability Score =(Nv/24) X (Lv/1000) X (1/Sr) x (Nvp)
Nv : Average number of vehicle per day
¢) Characteristics Nvp : Average number of persons in vehicle per day
Sr: Speed regulations
Lv : Average length of vehicle
Proximity
- easy access to slide : it takes about 30 minutes to landslide area. 0.1~0.15
Low traffic density(< 3000/day)/A four-lane and more
+ difficult access to slide : it takes over 1 hour to landslide area. 0.16~03
High waffic density(> 3000/day)/A two-lane and less
Connection
d) Indirect loss - easy contact with someone 0.01~0.03
s surely recognize landslide within a range of view.
« difficult contact with someone 0.04~0.1
: hardly anyone recognize landslide within a range of view.
Economic Loss
- Time Loss : Delay time to the vehicle movement/expected time to the reopening a road
- Bypass is or not (0.03 or 0.08)
Lo Stable 0.01~0.02
© aSsls]:;sercntgrllét: Possible 0.03~0.07
Failure 0.08~0.1
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Type Scale
a)One-lane a)Small
b)Two-lane b)Medium
c)Four-lane c)Large

Characteristics

CV (Characteristics Vulnerability)
= NV/24 x LV/1000 x 1/SR x NVP

Indirect Loss
a)Proximity
b)Connection
¢)Economic Loss
Subjective
Assessment

Total
Vulnerability Score

Fig. 2. Event tree chart for consequence analysis using road
and building vulnerability score. (T.V: Total vulnerability
score)
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Table 10. Consequence sheet for buildings.
Component Description Score
Squatter 0.2
prefabricate 0.15
concrete
Low-rise building
a) Type prefabricate 0.15
concrete 0.1
Multi-story building 0.1
High-rise building 0.02
S : Very little serious damage to properties within a few flats or individual houses. 0.05~0.1
M : Some damage to squatter or low-rise buildings within a few flats
b) Scale or individual houses. 0.1~0.25
L : Severe structural damage to multi-story buildings including a large
number of houses 0.3
Vulnerability Score = (Sh/24) X (Sd/7) X L
¢) Characteristics How long stay in the building : Sh(hours), Sd(days)
How many live in the building : L
Proximity < >
- easy access to slide; it takes about 30 minutes to landslide area. 0.1~0.15
Low traffic density(< 1500/day)/A four-lane and more. T
- difficult access to slide; it takes over 1 hour to landslide area. 0.16-0.3
High traffic density(> 1500/dayy/A two-lane and less. ’ :
d) Indirect loss Connection
- easy contact with someone
. . L . 0.01~0.3
: surely recognize landslide within a range of view.
- difficult contact with someone 0.04~0.1
: hardly recognize landslide within a range of view. ’ ’
Delay time to the economic activity/expected time to the
building restoration from the effects of the landslide
¢) subjective Stab!e 0.01~0.02
assessment Po§51ble 0.03~0.07
Failure 0.08~0.1
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Total hazard score = (Rainfall + Earthquake score)

(Slope + Geology + Runout behavior score)
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Fig. 3. Distribution of hazard score for stable, possible and

failed slopes.

Table 11. Hazard score for stable, possible and failed slopes.
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Hazard score for Hazard score for Hazard score for
stable slope slope of possible failure failed slope
17.20 22.20 43.40
8.80 32.60 41.00
18.20 32.20 40.20
6.80 27.00 35.80
15.40 32.30 45.00
11.40 25.80 43.10
7.50 27.30 39.20
9.80° 30.00 44.90
7.40 29.30 38.20
10.30 27.60 4220
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Pp=0.0043 x §2%*2 (0 < Sy < 45) ®
(P¢ Probabilistic index of landslide; Sy: Hazard score)
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Total risk score = Probabilistic index of landslide/100 x

Consequence score
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P,=0.0043 x 8 ***
(R* = 0.999)
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Fig. 4. The correlation between probabilistic index of
landslide and hazard score using regression analysis.

Table 12. Probabilistic index of landslide for a district of stable, possible and failure using equation-8.

Probabilistic index of landslide
for a district of stable

Probabilistic index of landslide
for a district of possible

Probabilistic index of landslide
for a district of failure

7.90
1.34
9.17
0.68
5.89
2.66
0.88
1.78
0.85
2.03

16.50
42.82
41.45
26.02
41.79
23.07
26.79
34.37
32.29
27.57

91.26
78.51
74.53
54.85
100.42
89.60
69.72
99.83
65.12
84.73
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failed slopes.
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Table 13. Consequence score for a district of stable, possible and failure using the consequence sheet.

- Risk score for Risk score for Risk score for
a district of stable a district of possible la district of failure
0.197 0.164 1.898
0.037 0.876 4.185
0.139 0.464 1.259
0.090 0.497 0.817
0.039 0.121 8.144
0.064 0.424 3.709
0.015 0.201 2.280
0.017 0.120 1.208
0.013 0.601 2.162
0.053 0.119 0.881

Table 14. Total risk score.

Consequence score for Consequence score for Consequence score for
a district of stable a district of possible a district of failure
0.0250 0.0094 0.0208
0.0279 0.0204 0.0533
0.0152 0.0112 0.0169
0.0136 0.0191 0.0149
0.0067 0.0029 0.0811
0.0241 0.0184 0.0414
0.0174 0.0075 0.0327
0.0098 0.0035 0.0121
0.0154 0.0186 0.0332
0.0258 0.0043 0.0104
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